
INST·A L LA Tl ON 

INST 
Westinghouse I.L. 41-226.2C 

• OPERATION • MAINTENANCE 

UCTIONS 
TYPES H-3 AND HV-3 THREE PHASE 

DIRECTIONAL RELAYS 

CAUTION Before putting relays into service, remove 

all blocking which may have been inserted fer the pur­

pose of securing the parts during shipment. Make 

sure that all moving parts operate freely and inspect 

the contacts to see that they are clean and close 

properly. Operate the relay to check the settings and 

electrical connections. 

APPLICATION 

The types H-3 and HV-3 relays are polyphase 

direction relays which are used to obtain high speed 

directional discrimination during faults on power sys­

tems. The type HV-3 relay has a voltage restraint 

element which introduces a restraining torque on the 

relay proportional to the area of the voltage triangle. 

Thus, at normal voltage, sufficient torque is produced 

to prevent operation of the relay on normal load cur­

rent flow. Any fault on the system reduces the area 

of the voltage triangle, and consequently the amount 

of restraint. At the same time the current in the relay 

increases and the relay operates if the fault is in the 

contact closing direction. Since the voltage triangle 

does not collapse as much on ground faults as it does 

on phase faults, it is desirable to remove voltage re­

straint on ground faults. This may easily be done by 

an instantaneous overcurrent ground relay (type SC) 

with its back contacts connected to open any one of 

the leads to the voltage restraint element. 

The direction of power flow for both phase and 

ground faults can be detected with these relays. To 

obtain correct operation during ground faults, it is 

necessary that the minimum current in the faulted 

conductor be at least twice the maximum load current 

flow (with no voltage restraint on the relay) so that 

if the fault current and load currents are in opposi­

tion, the former will always predominate and give a 

net torque on the relay in the correct direction. Stated 

another way, the minimum line-to-ground current must 

be at least three times the maximum load current for 

correct ground fault protection. Low ground current 

occurs most frequently on impedance grounded sys­

tems. Where positive directional indication cannot be 

obtained under all system conditions, it is recom-

SUPERSEDES I.L. 41-226.26 
*Denotes change from superseded issue. 

mended that a separate ground directional relay be 

used. 

Both the type H-3 and the type HV-3 relays can be 

furnished with either a watt characteristic or a 45 ° 
characteristic. 

CONSTRUCTION AND OPERATION 

The type H-3 relay consists of a polyphase direc­

tional unit, two contactor switches, and two opera­

tion indicators. The type HV-3 relay consists of a 

polyphase directional unit, a voltage restraint unit, 

and two indicating contactor switches. 

Polyphase Directional Unit 

This unit consists of three electromagnets, and a 

vertical shaft with three movable loops, arranged as 

shown in figure 1 .  Each loop has its outer side lo­

cated in an air gap within the electromagnet. Each 

electromagnet has a three-legged magnetic circuit 

wound with three coils. The coils on the two outer 

legs are the voltage windings. Voltage applied to 
these coils induces a large current in the loop by 

transformer action. Current flowing thru the current 

coil on the center leg of the electromagnet produces 

an air gap flux which interacts with the loop current 

flux in the outer side of the loop and causes rotation 

of the shaft in the direction corresponding to the 

direction of flow of the alternating current power. 

One loop and its associated electromagnet make 

up one phase of the three-phase relay. With the 45 ° 
characteristic relay a delta voltage and a star current 

are applied to each electromagnet, and proper phase 

angle characteristics are obtained as follows. The 

loop, which is considered as the secondary load of a 

transformer, has a much higher resistance than re­

actance, and the loop current lags the voltage applied 

to the electromagnet by an angle of 10 to 15 degrees. 

The air gap flux lags the applied current by about 55 
to 60 degrees because of the lag loops around the 

centerpole of the electromagnet. Thus maximum torque 

occurs when the relay current leads the relay voltage 

by 45 degrees. 
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Fig. 

SPRING ADJUSTER 
FOR TYPE H-3 
RELAY ONLY 

- Schematic - Top View of Polyplraae Directional 
Unit. 

The 90° C onnection is used on the relay to give 

the required delta voltage and star current. With this 

connection one of the electromagnets will have • A 

phase• (star) current and •Be• (delta) voltage which 

for a system power factor of unity, lags the current by 
90°. lienee, with this connection and the above (45 °) 
relay characteristics ,  maximum torque is obtained 
when the system fault current is lagging its unity 
power factor position by 45 °, 

With the watt characteristic relay a star current 

and a star voltage are applied to each electromagnet. 
The air gap flux lags the applied current by about 10 
to 15 de grees becaus e of the lag loops around the 

center pole of the electromagnet. Thus maximum 
torque occurs when the relay current leads the relay 

voltage by about 0 degrees .  

The instantane ous torque i n  each element of the 

relay is produced by the instantaneous products of 

voltage (loop curre nt) and current (air gap flux) in the 

electromagnet, which is a double frequency pulsating 

torque . The torques in the other two electromagnets 

are also pulsating, but they are displaced 120 degrees 

in time phase and when all three instantaneous values 

are added, the result is a uniform non-pulsating torque. 

Two moving contacts are mounted at right angles 

to each other on the outer end of a leaf spring which 

in turn is mounted on Isolantite arm on the moving 

shaft. A stop bracket with a small cylinder partially 
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TYPES H-3 AND HV·3 RELAYS 

Fig. 4 - Typical Phase Angle Curve lor 45° Character· 
istic; 50 and 60 Cycle, H-3 and HV-3 Relays -
Balanced Three Phase Power Applied and No 
Spring Restraint. 

filled with tungsten powder is mounted behind eacb 

moving contact. When the moving contact strikes 
against the rigid fixed contact screw, the spring is 

deflected for the necessary c ontact follow, after which 
the stop strikes the moving contact. Thus , the full 

torque of the relay is transmitted thru the contacts to 

maintain full contact pressure. The particles of 
tungsten powder in the small cylinder slide over each 

other at the instant of impact and absorb the energy in 
the moving element . A flexible metal ribbon conducts 
current to the moving contacts. 

The type H-3 relay is s upplied with spring restraint 

which is adjusted to hold the contacts in the normal 
non-trip position when the relay is deenergized. This 

prevents a.n incorrect directional indication by the ele­

ment under the condition of loss of load. However, 

the spring restraint may be adjusted to give a bias 

torque in either direction. 

Voltage Restra i nt U n it 

This element is supplied only in the type HV-3 re­

lays and consists of three electroma gnets and loops 

similar to those used on the directional element. The 

restraining unit is mounted below the directional unit 
and the loops of the two units are fastened to a com-
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I.L. 41·226.2C 
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Curve 252147 

Fig. 5 - Typical Sensitivity Curve lor 50 and 6Q Cycle, 
H-3 and HV-3 Relays - at Maximum Torque Angle. 

mon vertical shaft which operates the two contacts as 

described above . The outer coils of each electro­

magnet have one delta voltage (E1) applied and the 

center coil has another delta voltage (E2) applied. 

By means of the capacitor units in series with the 

outer two coils , the phase angle characteristics of the 

electromagnets are such that the torque of the element 
is proportional to: 

V 1• V 2• sin e 

where B is the angle between the two delta voltages 

and is normally 60° . 

If any one of the three delta voltages completely 

collapses during a fault , there is no torque on the 
electromagnet, since the collapse of the third voltage 

makes the sine of the angle between the voltages 

zero. If all three voltages decrease uniformly, the 

torque varies as the square of their magnitude. Each 

electromagnet is connected to a different combination 
of delta voltages so that a uniform restraint torque and 

balanced burdens are obtained. 

Restraint can be removed by opening any one sup­

ply lead to the restraint element. This applies single 
phase to all three electromagnets and the sine of the 
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TYPES H-3 AND HV-3 RELAYS ___________ _______ ___ _ _  _ 

3.0 .05 

20 

5 Amp3. 
15 Amp&. 
30Amp&. 
SO Amp&. 

40 60 80 3 ; 0�/ta Voltage 
120 

F lg. 6 - Typical Time- Current Curves ol SO and 60 Cycle 
H-3 Relay lor Three Phase Faults or Max/mum 

Torque Angle. 

angle becomes zero. At normal voltages 10.5 amperes 

is required in each element at maximum torque to 

overcome the restraint torque. 

Contactor Switches 

The d-e contactor switch in the relay is a small 

solenoid type switch. A cylindrical plunger with a 

silver disc mounted on its lower end moves in the core 

of the solenoid. As the plunger travels upward, tbe 

disc bridges three silver stationary contacts. The 

coil is 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 con­

tacts, 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 lreaker. 

Operat ion I n d i cator 

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 completion of 

the trip circuit. The indicator is reset from outside 

of the case by a push rod in the cover or cover stud. 
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Fig. 7- Typical Time- Current Curves ol SO and 60 Cycle 
HV-3 Relay lor Three Phase Faults at Maximum 

Torque Angle. 

I n d i cat i ng C ontactor S witch U n i t  ( I C S )  - (HV-3 only) 

The d-e indicating contactor switch is a small 

clapper type device. A magnetic armature, to which 

leaf-spring mounted contacts are attached, is attracted 

to the magnetic core upon 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, 

provides restraint for the armature and thus control s 

the pickup val ue of the switch. 

CHARACTER IS Tl CS 

The types H-3 relays are provided with indepen­

dent make and break contacts. Two auxiliary con­

tactor switches - one in each contact circuit - pro­

vide seal-in circuits for the main relay contact. The 

main contacts will close 30 amperes at 25 0 volts d-e 

and the auxiliary contactors will safely carry this cur­

rent until the breaker is tripped and the auxiliary • a "  

switch opens. The contactor switch has a minimum 
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++ 

Typt HV-3 with no voltot;e restraint 

Typt H-3 

50 

Fig. 8 - Typical Time- Current Curves for SO ancl 60 Cycle 
H-3 ancl HV-3 Relays, Without Voltage Restraint 
for Phase to Phase Faults at Maximum Torque 

Angle - Full Voltage Collapse on Faulted Phase, 
86% Voltage on UnfaulteJ Phase, 

pick-up of one ampere d-e and a coil resistance of one 

ohm. 

Typical 50 and 60 cycle phase angle character­

istics of the 45 ° characteristic relay are shown in 

figure 4. Maximum torque, in the contact closing 

direction, occurs when the line current lags the line­

to-neutral voltage by approximately 45 degrees, when 

using the 90 ° connection. 

Typical 50 and 60 cycle sensitivity curves maxi­

mum torque are shown in figure 5. The sensitivity of 

the type HV-3 relay without voltage restraint is the 

same as the type H-3 relay. The 60-cycle three phase 

minimum pick-up without spring restraint of the typ e 

H-3 relay is 0.08 amperes at 1 15 volts, 0.15 ampere at 

10 volts, and 5.0 amperes at 1 volt. The single phase 

minimum pick-up currents are approximately three 

times those for three phase. In the absence of suf­

ficient operating current, the contacts may be held 

either open or closed by a toggle acting voltage -only 

torque. The affect of this torque is described in the 

section under "Watt Characteristic Relay Adjustments. •• 

It will be noted from the curves that the sensitivity of 

the type HV-3 relay with voltage restraint is decreased 

only at voltages above 2 volts. The curves also show 

that 10 amperes 60 cycles are require d at 1 15 volts to 

overcome voltage restraint. 

Typical time curves are shown in figures 6 to 9. 

All curves are for a contact spacing of . 035 inch and 

at maximum torque for 60 and 50 cycle relays and .070 
inch for 25 cycle relays, 

Fig. 9- Typical Time- Current Curves for SO ancl 60 Cycle 

Type HV-3 Relay Without Voltage Restraint for 

Three Phase Faults at Maximum Torque. 

Tr ip  C i rc u it (HV-3 only) 

The main contacts will safelY close 30 amperes at 

250 volts d-e and the seal-in contacts of the indicat­

ing contactor switch will safely carry this current long 

enough to trip a circuit breaker. 

The indicating contactor switch has two taps that 

provide a 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. 

T r i p  C i rcuit  Constant  (HV-3 only) 

Indicating Contactor Switch (ICS) 

0.2 ampere tap 6.5 ohms d-e resistance 

2 . 0  ampere tap 0.15 ohms d-e resistance 

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 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 
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TYPES H-3 AND HV-3 RELAYS _______________________ _ 

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. 

41·076. 

ADJUSTMENTS AND MAINTENANCE 

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 adjust­

ments at regular maintenance periods , the instructions 

below should be followed. 

All contacts should be cleaned periodically. A 

contact burnisher S#182A836H01 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 s ilver and thus impairing the contact. 

Adjust the lower bearing so that both the top and 

bottom of the loops are equi-distant from their re­

spective magnetic circuits. Energize the potential 

circuits of the relay until the loops reach operating 

temperature. About ten minutes at normal voltage is 

necessary to reach this condition. When the operating 

temperature is reached, adjust the upper bearing for 

1/64 inch clearance. 

The loops of each element must be in line with 

the center of the middle leg of the magnetic circuit. 

If necessary, this adjustment can be obtained by loos­
ening the electromagnet mounting screws and moving 

the whole electromagnet in the desired direction. All 

three elements must have the same relative position 

of loop and magnetic circuit. 

Type H -3 Relay 

The polarity of the relay is checked as follows: 

Refer to figure 2 and apply 115 bolts and 5 amperes 

(in phase) to the corresponding voltage and current 

coils in turn, with the terminals marked with polarity 

marks connected together. Looking at the top of the 

relay, the moving element should rotate in a counter­

clockwise direction. 

Adjust the back-up strip located in front of each 

moving contact by bending so that it just touches the 

c ontact spring when the contacts are open. Adjust 

the small cylinder behind the moving contact to obtain 

6 

.009 inch contact follow. This is done by advancing 

the cylinder until it just touches the rear of the mov­

ing contact spring, and then backing off 1/2 turn. 

45 ° Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 

adjuster. Apply s ingle-phase current of 50 amperes 

with polarities as shown on internal schematic diagram 
to the current coils which should be connected in 

series. Each potential coil should be short-circuited. 

When energized the relay moving element will center 
itself due to the combined torques produced by the 50 

amperes of current and the spring restraint. Readjust 
the spring adjuster until the centering position of the 

moving element is exactly the same for the condition 

of zero current or with 50 amperes in the current coils. 

Under this condition the torque produced by the spring 

at the centering position is zero and does not tend to 

" offset• or shift the centering position due to the 

current. This final centering position will be called 

the neutral position. With the moving element in the 

neutral position adjust each stationary contact for 

.015 inch contact spacing and lock in this position for 

60 and 50 cycle relays and .035 inch for 25 cycle 
relays. 

There are two adjustable stop screws located on 

the frame casting. These stops are used when the re­

lay is supplied with two circuit closing contacts and 

perform the same function as the stops on the moving 

contact assembly. 

Watt Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 

adjuster. Apply single-phase potential of 67 volts 

with polarities as shown on internal schematic diagram 
to the potential coils which should be connected in 

parallel. Each current coil should be open-circuit€d. 
When the potential circuits are de energized the moving 

element will tend to be centered by the spring. When 

the potential circuits are energized the moving ele­

ment may move either to the right or to the left. If 
under this condition the moving element moves the 

contacts to the right, the spring should be readjusted 

to move the deenergized spring centering position of 

the moving element to the left. If under this con­

dition the moving element moves the contacts to the 

left, the spring should be readjusted to move the de­

energized spring centering position of the moving ele­

ment to the right. Continue to shift the centering 

position of the spring until a small movement of the 

spring adjuster will cause the moving element to move 

in one direction when the potential is applied and a 

small movement in the other direction will cause the 
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TYPES H-3 AND HV-3 RELAYS _______________________ 
I _.L _._41 _·2_2 _6 ._2c 

moving element to move in the opposite direction. 

This final centering position will be called the neutral 
position. With the moving element in the neutral posi­
tion adjust each stationary contact for .015 inch con-: 

tact spacing and lock in this position for 60 and 50 

cycle relays and .035 inch for 25 cycle relays. 

Type HV-3 R e lay  

The tests outlined for the type H-3 45° character­

istic relay also apply to the HV-3 relay when the 

voltage restraint circuit is not connected. To make a 

complete check on the type HV-3 relay with all cir­

cuits connected, involves three-phase test source, 

phase shifter , potentiometers , and non-inductive re­

sistors for controlling the voltage and current to the 

relay respectively. This test will permit checking of 

all the characteristics of the relay at the proper phase 

angle. This test procedure however is usually too 

complicated for routine field testing. The complete 

test may be simplified for field testing by the follow­

ing modifications. Apply three phase restraining 

voltage to the restraining element and single phase 
to all three phases of the directional element. For 

the latter element the potential coils are all c on­

nected in parallel and the current coils are connected 

in series. With a non-inductive load, the relay will be 
operating about 45 ° away from its maximum torque 

position and consequently current values to trip a 
given voltage will be increased by about 30%. Since 
the combination of three-phase restraining torque and 

single-phase operating torques on all three elements 

produces some unbalanced torque in the moving ele­

ment, it is recommended that tests be made at a re­

duced voltage (65 volts or less). With 65 volts ap­

plied to voltage restraint elements , about 8 amperes 

is required at unity power factor to make the relay 
operate. 

To check the circuits thru the voltage restraint 

element, the relay should be energized at normal 

voltage for about 10 minutes. The potential circuit of 
the directional element should then be opened. Then 
open the phase A potential to the voltage restraint 
unit and observe the torque produced on the moving 
element, if any. Replace A lead and remove the B 

lead and again observe the torque. Repeat for the C 

lead and in all cases there should be no torque or a 
very slight torque present. Any defects in the coils 

or capacitors of the voltage restraint circuits will be 

made apparent by the presence of excessive torque 

during this test. 

Contactor Sw � tch 

Adjust the stationary core of the switch for a clear-

ance between the stationary core and the moving core 

when tb.e switch is picked up. This can be most con­
veniently 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 mov­

ing core stops rotating. This indicates the point 

where the play in the moving c ontact 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 resid­
ual 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 1 am­

pere d-e. Test for sticking after 30 amperes d-e have 

been passed thru the coil. The coil resistance is 
approximately 1.0 ohm. 

O p erat ion  Ind icator  

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. 

Ind i cat ing  Contactor S w itch ( ICS)  - (HV-3 on l y )  

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. 

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. 

ENERGY REQUIREMENTS 

The burdens and constants of the relays are as 

follows per phase: 
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TYPES H-3 AND HV-3 RELAYS _______________________ _ 

Resistance (ohms) 
Reactance (ohms) 

Impedanc e  (ohms) 

Watts 

vars 

Voltamperes 

Power Factor 

T Y P E S  H-3, H V-3, 45° C HA R A C T E R IS T IC R E LA Y  

VA L U ES AT 1 20 V O L TS, 5 A M P E R E S, 6 0  C Y C LE S  

T y pe H-3 

C u rrent Vo l tage C u rrent 

Circuit Circuit C lrcuit 

0.050 2070 0 . 050 

0.052 1530 0 .052 

0,072 2580 0 .072 

1. 25 4. 59 1. 25 

1. 29 3.40 1. 29 

1.82 5.71 1.82 

46° lag 36.5° lag 46° lag 

Continuous Rating (Amperes or Volts) 5 120 5 

One Second Current (Amps.) 230 . . . 
----��-�--

230 

VA L U ES AT 1 20 V O L T S, 5 A M P E R E S, 50 C Y C L E S  

Resistance (ohms) 
Reactance (ohms) 
Impedance (ohms) 

Watts 
Vars 
Voltamperes 
Power Factor 

Continuous Rating (Amperes or Volts) 

One Second Current (Amps.) 

8 

Type H-3 

C urrent 

Circuit 

0.0488 
0.0349 
0.060 

1.22 
.87 

1.5 
33.5°lag 

5 

230 

V oltage 

Circuit 

2560 
975 
2740 

4.89 
1.86 
5.23 
20.8° lag 

120 

. . . 

C urrent 

CircuIt 

0.0488 
0.0349 
0.060 

1.22 
.87 

1.5 
33.5 ° lag 

5 

230 

Type H V-3 

V o l tage 

Circuit 

(Direction a l) 

2070 
1530 

2580 

4. 59 

3.40 

5.71 
36° lag 

120 

. . . 

Type HV-3 

Vo l tage 

Circ uit 

(Directiona l) 

2560 
975 
2740 

4.89 
1.86 
5.23 
20.8° lag 

120 
. . . 

R e straint 

Circuit 

""1480 
1840 
2360 

3. 84 
4 .75 
6. 1 
51° lag 

120 
. . .  

R e s traint 

Circuit 

2720 
1570 

3140 

3.44 
2.00 

3.98 
30.1° lag 

120 
. . . 
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TYPES H·3 AND HV·3 RELAYS ----------------- ------...-1 -_
L

_
. 4

_
1

_-
2

_
26

_·
2
_
c 

T Y P E H-3, WAT T  C HA R A C T E R ISTIC  R E L A Y  

VAL U E S  AT 120 V O L T S, 5 A M P E R E S, 6 0  C Y C L E S  

T y p e  H-3 

Resistance (ohms) 

Reactance (ohms) 

Impedance (ohms 

Watts 

Vars 

Voltamperes 

Power Factor 

Continuous Rating (Amperes or Volts) 

One Second Current (Amps.) 

C urrent 

Circuit 

.028 

.0192 

.034 

.70 

.48 

.85 
34.5 ° lag 

5 

230 

T Y P E S  H-3, H V-3, 45 ° C HA RA C T E R IS T I C  R E LAY 

VAL U E S  AT 1 2 0  V O L TS, 5 A MP E R E S, 2 5  C Y C L E S  

Resistance (ohms) 

Reactance (ohms) 

Impedance (ohms) 

Watts 

Voltamperes 

Power Factor 

Continuous Rating 

One Second Rating 

T y pe H-3 

C urrent  

Circuit 

.0380 

.0192 

.0420 

.94 
1.05 
26° lag 

5 
230 

V o ltage 

Circuit 

3830 
3200 
5000 

2.20 
2.88 
40° lag 

120 
. . . 

Type H V-3 

V o ltage 

C urrent Circuit 

Circuit (Directiona l) 

.0380 3830 

.0192 3200 

.0420 5000 

.94 2.20 
1.05 2.88 
26° lag 40° lag 

5 120 
230 ... 

Vo ltage 

Circuit 

2740 

1440 

3100 

4;09 

2.14 

4.62 
27.8 ° lag 

120 

R estraint 

3980 
990 
4100 

3.39 
3.50 
14 ° lag 

120 
. .. 
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9�- AUX I L I AR Y  TRIPPING R ELAY, TYPE SG 

52 - POWER C I RCU I T  BREAKER 
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STATION BUS PHASE ROTATION I, 2, 3 
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14 

. 190·32 SCI<'EW 

SPACCR FOIC 
THIN PANELS 

i1-\8SCRl:.W 
JG (FOIC THICK 

PANEL USE 
�-18 5TUD) \Q. 

190-.32 sceEw .(FOr:! THICK. 
'PANEL US£. 
.\90-32 STUD) 

_L __ 

TERMINAL NUMBER 

TERMINAL AND MoVNTIN� DE.TAILS 

NOT E ; ALL DIMENSIONS 
IN INCHES 

j_ DIA. 4 1-!0I..E$ FOR 4 .190-3cMTq'. SCE'EWS 

5� 
PANEl... CUTOUT� D RILLIN<;; FOR SEMI-FLUS H MT�. t OIA. 20 HOLE"S OR CUTOUT 

PA"--EI.. D R ILLING OR CUTOUT FOR 
PROJECTION MT�. 

(F�ONT VIEW) 

183Al58 

Fig. 14 - Outline and Drilling Plan for the H-3 Relay in the FT22 Case. 
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TYPES H-3 AND HV-3 RELAYS 

'2 I I� ,I ! i- ·l �--- J 
::J -H· 

o:l 3 

·- - j_ -· 

' 

I -IN l \J' t - t _U T I -T 
3 II II 

I ' I --•<\� r-- II II 
I 3 I ' : 

II 

�-10-� \J 
! PA�EL LOCAT I ON 

SEMI- I='LU SH MTC.. 
PROJECTION MTG. 

SPACER FOR THIN PA N E LS 
5 )6-IB SCREW 

( FoR THICK 
PANEL USE. �-18 STUD) 
.190·3'2 SCRE:W 

TERMINAL AND . MOU N T I N(7 DETAILS 

N'"'rE: ALL DIMENSIONS 
IN lNCHE:S 

I.L. 41-226.2C 

-t Dll\. 4HOLES !=OR 
.190-32 MTG.S C REWS 

T 
I 

PANEL CJTOUT � DRILLIN<:1 
FOR SEMI- F-L U S H  MT�. 

J OIA-'20 HO\.E.r;. 
' ORCU'T OUT 

PANEL DP\ILLING OR CVTO U T FOFZ. 
PF\OJ E.C r MTG • 

Ff<\ONT VI E:W 

57 -D-7903 

Fig. 15- Outline and Drilling Plan for the HV-3 Relar In the FT32 C ase. 
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INSTA LLATION 
Westinghouse 1. L. 41-226 .2c 

• OPERATION • MAINTENANCE 

INST R UCTIONS 
TYPES H-3 AND HV-3 THREE PHASE 

DIRECTIONAL RELAYS 

CAUTION Before putting relays into service, remove 

all blocking which may have been inserted for the pur­

pose of securing the parts during shipment. Make 

sure that all moving parts operate freely and inspect 

the contacts to see that they are clean and close 

properly. Operate the relay to check the settings and 

electrical connections. 

APPLI CA Tl ON 

The types H-3 and HV-3 relays are polyphase 

direction relays which are used to obtain high speed 

directional discrimination during faults on power sys­

tems. The type HV-3 relay has a voltage restraint 

element which introduces a restraining torque on the 

relay proportional to the area of the voltage triangle. 

Thus, at normal voltage, sufficient torque is produced 

to prevent operation of the relay on normal load cur­

rent flow. Any fault on the system reduces the area 

of the voltage triangle, and consequently the amount 

of restraint. At the same time the current in the relay 

increases and the relay operates if the fault is in the 

contact closing direction. Since the voltage triangle 

does not collapse as much on ground faults as it does 

on phase faults, it is desirable to remove voltage re­

straint on ground faults. This may easily be done by 

an instantaneous overcurrent ground relay (type SC) 

with its back contacts connected to open any one of 
the leads to the voltage restraint element. 

The direction of power flow for both phase and 

ground faults can be detected with these relays. To 

obtain correct operation during ground faults, it is 

necessary that the minimum current in the faulted 

conductor be at least twice the maximum load current 

flow (with no voltage restraint on the relay) so that 

if the fault current and load currents are in opposi­

tion, the former will always predominate and give a 

net torque on the relay in the correct direction. Stated 

another way, the minimum line-to-ground current must 

be at least three times the maximum load current for 

correct ground fault protection. Low ground current 

occurs most frequently on impedance grounded sys­

tems. Where positive directional indication cannot be 

obtained under all system conditions, it is recom-

SUPERSED ES I.L. 41-226.28 
*Denotes change from superseded issue. 

mended that a separate ground directional relay be 

used. 

Both the type H-3 and the type HV -3 relays can be 

furnished with either a watt characteristic or a 45 ° 
characteristic. 

CONSTRUCTION AND OP ERATION 

The type H-3 relay consists of a polyphase direc­

tional unit, two contactor switches, and two opera­

tion indicators. The type HV-3 relay consists of a 

polyphase directional unit, a voltage restraint unit, 

and two indicating contactor switches. 

P o lyphase Direct ional Un i t  

This unit consists of three electromagnets, and a 

vertical shaft with three movable loops, arranged as 

shown in figure 1. Each loop has its outer side lo­

cated in an air gap within the electromagnet. Each 

electromagnet has a three-legged magnetic circuit 

wound with three coils. The coils on the two outer 

legs are the voltage windings. Voltage applied to 
these coils induces a large current in the loop by 

transformer action. Current flowing thru the current 

coil on the center leg of the electromagnet produces 

an air gap flux which interacts with the loop current 

flux in the outer side of the loop and causes rotation 

of the shaft in the direction corresponding to the 
direction of flow of the alternating current power. 

One loop and its associated electromagnet make 

up one phase of the three-phase relay. With the 45 ° 
characteristic relay a delta voltage and a star current 

are applied to each electromagnet, and proper phase 

angle characteristics are obtained as follows. The 

loop, which is considered as the secondary load of a 

transformer, has a much higher resistance than re­

actance, and the loop current lags the voltage applied 

to the electromagnet by an angle of 10 to 15 degrees. 

The air gap flux lags the applied current by about 55 
to 60 degrees because of the lag loops around the 

centerpole of the electromagnet. Thus maximum torque 

occurs when the relay current leads the relay voltage 

by 45 degrees. 
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TYPES H-3 AND HV-3 RELAYS'-------------------------

Fig. 

LAG LOOPS 

SPRING ADJUSTER 
FOR TYPE H-3 
RELAY ONLY 

- Schematic - Top VIew of Polyphase Directional 
Unlf. 

The 90° Connection is used on the relay to give 

the required delta voltage and star current. With this 

connection one of the electromagnets will have • A 

phase" (star) current and • Be "  (delta) voltage which 

for a system power factor of unity, lags the current by 
90 °. lienee, with this connection and the above (45 °) 
relay characteristics ,  maximum torque is obtained 

when the system fault current is lagging its unity 

power factor position by 45 °. 

With the watt characteristic relay a star current 

and a star voltage are applied to each electromagnet. 
The air gap flux lags the applied current by about 10 

to 15 degrees because of the lag loops around the 
center pole of the electromagnet. Thus maximum 

torque occurs when the relay current leads the relay 

voltage by about 0 degrees .  

The instantaneous torque i n  each element of the 

relay is produced by the instantaneous products of 

voltage (loop current) and current (air gap flux) in the 

electromagnet, which is a double frequency pulsating 

torque . The torques in the other two electromagnets 

are also pulsating, but they are displaced 120 degrees 

in time phase and when all three instantaneous values 

are added , the result is a uniform non-pulsating torque. 

Two moving contacts are mounted at right angles 

to each other on the outer end of a leaf srring which 

in turn is mounted on Isolantite arm on the moving 

shaft . A stop bracket with a small cylinder partially 

2 

RED HAMDLE 

MOTE: 
RELAY SUPPLIED FOR 90° CONMECTIOfl USING 
IIITEIUIAL. PKASIIhi 
LOOPS UMI£.55 OTHER­
WISE ORDERED 

CONTACTOI SWITCH-

Willi ULATIVE IUUUA­
IEOIISI'OUIITfU AS IMOWI 

TU lfAlE COIHAtl CLOIE5 

liiD111EMOWU8ELDI£1T 
lOUTESCOIIJTERCLOCIWUE 

ITOI' YL�) 

CHASSIS OPERATED 
SHORTING SWITCH 

ED HANDLE 
TEST SWITCH 
CURREHT TEST JACK 

183A335 
Fig. 2 - Internal Schematic of tlte Type H-3 Relay In tlte 

FT22 Case. 

TOP CEIHER ELEMEIH 
(F.V.) 

NOTE: 

RESISTORS 
(2SCY. ONLY) 
VOLTAGE RESTRAINT 
LOWER CENTER Elfj.4fMf (f,Y,) 

REIJ,YSUPPLIEDFOR 900 COHIIECTIOM USIIIG 
IIITEiNAL. PKAS I NG LQOPSUMLESSOTHER­
WISE ORDERED 

L4----+4--J..J..--j ���i!
G
�E:�s��:!:!t 

WITH RELATIVE IM­
STANU.ItE(lUS POLAR 
IllES AS SHOWN, THE 

MAKE CONTACT CLOSES 
AND TilE MD� lNG ELE­
MENTS ROTATE 
COUNTER CLOCKWISE 
(TOP VIEW) VOLTAGES 
ON RE.STRAIIIT 
ELEMENTS AS SHOWN 
WITH PhASE ROTATIOH 
A,II,C ROTATE iliE 
:::�"fr���:!)

CLOCK-'---'�--"
f
::_
RO
_
N T
--'

VI
"'
E W

L--"'::._--'"'--" 

(F.V.) 
-VOLTAGE RESTRAINT 
LOWER RIGHT ELlMEIIT 

(F.Y.) 

TOP LEFT ELEHEIH 
(F.V.) 

TOP RIGHT ELEMENt 
(F.V.) 

CHASSIS OPERATED 
SHORTING SWITCH 
·RED HANDLE 
TEST SWITCH 
CURREHT TEST JACK 
TE!b41HAL 

182A751 

Fig. 3 - lntemal Sclrematlc of tlte Type HV·3 Relay In tlte 
FT32 Case. www . 
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TYPES H·3 AND HV-3 RELAYS 

Fig. 4 - Typical Phase Angle Curve lor 45° Character• 
/stic; 50 and 60 Cycle, H-3 and HV-3 Relays -
Balanced Three Phase Power Applied and No 
Spring Restraint. 

filled with tungsten powder is mounted behind each 

moving contact. When the moving contact strikes 
against the rigid fixed contact screw , the spring is 

deflected for the necessary c ontact follow , after which 

the stop strikes the moving contact. Thus , the full 
torque of the relay is transmitted thru the contacts to 
maintain full contact pressure. The particles of 
tungsten powder in the small cylinder slide over each 
other at the instant of impact and absorb the energy in 
the moving element.  A flexible metal ribbon conducts 
current to the moving contacts. 

The type H-3 relay is supplied with spring restraint 

which is adjusted to hold the contacts in the normal 
non-trip position when the relay is deenergized. This 
prevents a.n incorrect directional indication by the ele­

ment under the condition of loss of load . However , 

the spring restraint may be adjusted to give a bias 

torque in e ither direction. 

V oltage R e stra i nt U nit 

This element is supplied only in the type HV-3 re­

lays and consists of three electroma gnets and loops 

similar to those used on the directional eleme nt . The 

restraining unit is mounted below the directional unit 

and the loops of the two units are fastened to a com-

10 

8 

2 

20 

Type HV-3 with 
voltf19t rest111int 

Typt H·J ond HV� with· 
out voltafje rtot111int 

40 60 BO 
J ; De/to Volts 

100 

I.L. 41-226.2C 

120 

Curve 252147 

Fig. 5- Typical Sensitivity Curve lor SO and 6Q Cycle, 
H-3 and HV-3 Relays - at Maximum Torque Angle. 

mon vertical shaft which operates the two contacts as 
described above . The outer coils of each electro­

magnet have one delta voltage (E1 ) applied and the 

center coil has another delta voltage (E2) applied. 

By means of the capacitor units in series with the 
outer two coils, the phase angle characteristics of the 
electromagnets are such that the torque of the element 

is proportional to: 

v 1• v 2• sin e 

where e is the angle between the two delta voltages 

and is normally 60° .  

If any one of the three delta voltages completely 

collapses during a fault, there is no torque on the 
electromagnet, since the collapse of the third voltage 

makes the sine of the angle between the voltages 

zero. If all three voltages decrease uniformly, the 

torque varies as the square of their magnitude. Each 

electromagnet is connected to a different combination 
of delta voltages so that a uniform restraint torque and 

balanced burdens are obtained. 

Restraint can be removed by opening any one sup­

ply lead to the restraint element. This applies single 

phase to all three electromagnets and the sine of the 
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TYPES H-3 AND HV-3 RELAYS _______________________ _ 

3.0 .05 
� ·� � ., " 
�2� .,04 1+-' 
� " kc':, a � .. � ., 5 Am� . " ., .. I IS Amps . t/.8 .tl.O 30 Amps. � ·  "' � SO Am�. � " 
� " 
1:. 1.2 �.0 � " " .e " 
... � ., 
� " ..g a6 :01 
., � " c-

0 00 
-+ t 

20 40 60 80 10,? 120 
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Fig. 6 - Typical Time- Current Curves of 50 ana 60 Cycle 
H-3 Relay for Three Phase Faults ar Maximum 

Torque Angle. 

angl e becomes zero. At normal voltages 10. 5  amperes 

is required in each element at maximum torque to 

overcome the restraint torque. 

Contactor Sw itches 

The d-e contactor switch in the relay is a small 

solenoid type switch. A cylindrical plunger with a 

silver disc mounted on its lower end moves in the core 

of the solenoid. As the plunger travels upward, tbe 

disc bridges three silver stationary contacts. The 

coil is 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 con­

tacts, 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. 

O perat ion I n d i cator 

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 completion of 

the trip circuit. The indicator is reset from outside 

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

4 

zo 

15 Amps. 
30 Amps. 
50 Amps. 

of() 60 80 
3 ,  Applied Delta Vottav• 

100 /20 

Fig. 7 - Typical Tim e - Current Curves of 50 ana 60 Cycle 
HV-3 Relay for Three Phase Faults at Maximum 

Torque Angle. 

I n d i cat ing C o ntactor S w i tch Un i t  ( ICS)  - (HV-3 o n l y) 

The d-e indicating contactor switch is a small 

clapper type device. A magnetic armature, to which 

leaf-spring mounted contacts are attached, is attracted 

to the magnetic core upon 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, 

provides restraint for the armature and thus controls 

the pickup value of the switch. 

CHARACTER IS Tl CS 

The types H-3 relays are provided with indepen­

dent make and break contacts. Two auxiliary con­

tactor switches - one in each contact circuit - pro­

vide seal-in circuits for the main relay contact. The 

main contacts will close 30 amperes at 250 volts d-e 

and the auxiliary contactors will safely carry this cur­

rent until the breaker is tripped and the auxiliary • a "  

switch opens. The contactor switch has a minimum 
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Type H-3 -'+ 
"' 1 : 

30 41) 50 

�;  r- ' 
r++r 1 �' ._i=fj:I 
-rrtt T!T ;i 

' H+t 

h-" 

�-..,_,, 

T 

60 

Fig. 8 - Typical Time- Current Curves for 50 ancl 60 Cycle 
H-3 ancl HV-3 Relays, Without Voltage Restraint 
for Phase to Phase Faults at Maximum Torque 

A ngle - Full Voltage Collapse on Faulted Phase, 
86% Voltage on UnfaulteJ Phase. 

pick-up of one ampere d-e and a coil resistance of one 

ohm. 

Typical 50 and 60 cycle phase angle character­

istics of the 45 ° characteristic relay are shown in 

figure 4. Maximum torque, in the contact closing 

direction, occurs when the line current lags the line­

to-neutral voltage by approximately 45 degrees, when 

using the 90 ° connection. 

Typical 50 and 60 cycle sensitivity curves maxi­

mum torque are shown in figure 5. The sensitivity o f  

the type HV-3 relay witho ut voltage restraint i s  the 

same as the type H-3 relay. The 60-cycle three phase 

minimum pick-up without spring restraint of the type 

H- 3 relay is 0.08 ampe res at 1 1 5  volts, 0. 15  ampere at 

10 volts, and 5 . 0  ampe res at 1 volt. The single phase 

minimum pick-up currents are appro ximat ely three 

times those fo r three phase. In the absence of suf­

ficient o perating current, the contacts may be held 

either open or clo sed by a toggle acting voltage -only 

torque . The affect of this torque is described in the 

sectio n under "Watt Characteristic Re lay Adj u stments. ,. 

It will be noted from the curves that the se nsitivity of 

the type HV- 3 relay with voltage restraint is de creased 

o nly at voltages above 2 volts. The curves also sho w  

that 1 0  amperes 6 0  cycle s are require d a t  115  volts to 

o vercome voltage restraint. 

Typical time curves are shown in figures 6 to 9. 

All curves are for a contact spacing of . 035 inch and 

at maximum torque for 60 and 50 cycle relays and .070 

inch for 25 cycle relays. 

.J � App/iod Dfltti · Volttitll 

Fig. 9 - Typical Time- Current Curves for 50 ancl 60 Cycle 

Type HV-3 Relay Without Voltage Restraint for 

Three Phase Faults at Maximum Torque. 

Tr ip  Circ u i t  (HV-3 on l y )  

The main contacts will safely close 3 0  amperes at 

250 volts d-e and the seal-in contacts of the indicat­

ing contactor switch will safely carry this current long 

enough to trip a circuit breaker. 

The indicating contactor switch has two taps that 

provide a 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. 

T r i p  C i rc u it C on stant (HV-3 o n l y )  

Indicating Contactor Switch (ICS) 

0.2 ampere tap 6.5 ohms d-e resistance 

2.0 ampere tap 0.15 ohms d-e resistance 

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 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 
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TYPES H-3 AND HV-3 RELAYS ________________________ _ 

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. 

41-076. 

ADJUSTMENTS AND MAINTENANCE 

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 adjust­

ments at regular maintenance periods , the instructions 

below should be followed. 

All contacts should be cleaned periodically. A 

contact burnisher s#182A836H01 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. 

Adjust the lower bearing so that both the top and 

bottom of the loops are equi-distant from their re­

spective magnetic circuits. Energize the potential 

circuits of the relay until the loops reach operating 
temperature. About ten minutes at normal voltage is 

necessary to reach this condition. When the operating 

temperature is reached, adjust the upper bearing for 

1 /64 inch clearance. 

The loops of each element must be in line with 

the center of the middle leg of the magnetic circuit . 

If necessary, this adjustment can be obtained by loos­
ening the electromagnet mounting screws and moving 
the whole electromagnet in the desired direction. All 
three elements must have the same relative position 
of loop and magnetic circuit . 

Type H-3 R e lay 

The polarity of the relay is checked as follows :  

Refer to figure 2 and apply 115 bolts and 5 amperes 

(in phase) to the corresponding voltage and current 

coils in turn, with the terminals marked with polarity 

marks connected together. Looking at the top of the 

relay, the moving element should rotate in a counter­

clockwise direction. 

Adjust the back-up strip located in front of each 

moving contact by bending so that it just touches the 

contact spring when the contacts are open. Adjust 

the small cylinder behind the moving contact to obtain 

6 

.009 inch contact follow. This is done by advancing 

the cylinder until it just touches the rear of the mov­

ing contact spring, and then backing off 1 /2 turn. 

45 ° Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 

adjuster. Apply single-phase current of 50 amperes 

with polarities as shown on internal schematic diagram 

to the current coils which should be connected in 
series. Each potential coil should be short-circuited. 

When energized the relay moving element will center 

itself due to the combined torques produced by the 50 

amperes of current and the spring restraint . Readjust 

the spring adjuster until the centering position of the 

moving element is exactly the same for the condition 

of zero current or with 50 amperes in the current coils . 

Under this condition the torque produced by the spring 

at the centering position is zero and does not tend to 
"offset• or shift the centering position due to the 

current. This final centering position will be called 

the neutral position. With the moving element in the 

neutral position adjust each stationary contact for 

.015 inch contact spacing and lock in this position for 
60 and 50 cycle relays and .035 inch for 25 cycle 

relays. 

There are two adjustable stop screws located on 
the frame casting. These stops are used when the re­

lay is supplied with two circuit closing contacts and 

perform the same function as the stops on the moving 

contact assembly. 

Watt Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 
adjuster. Apply single-phase potential of 67 volts 

with polarities as shown on internal schematic diagram 

to the potential coils which should be connected in 

parallel. Each current coil should be ope n-circuitBd. 

When the potential circuits are de energized the moving 

element will tend to be centered by the spring. When 

the potential circuits are energized the moving ele­

ment may move either to the right or to the left. If 
under this condition the moving element moves the 

contacts to the right, the spring should be readjusted 

to move the deenergized spring centering position of 

the moving element to the left. If under this con­

dition the moving element moves the contacts to the 

left, the spring should be readjusted to move the de­

energized spring centering position of the moving ele­

ment to the right. Continue to shift the centering 

position of the spring until a small movement of the 

spring adjuster will cause the moving element to move 

in one direction when the potential is applied and a 

small movement in the other direction will cause the 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES H-3 AND HV-3 R ELAYS _______________________ 
I _. L _. _41_- 2_2_6 ._2c 

moving element to move in the opposite direction. 

This final centering position will be called the neutral 
position. With the moving element in the neutral posi­
tion adjust each stationary contact for .015 inch con-: 

tact spacing and lock in this position for 60 and 50 

cycle relays and .035 inch for 25 cycle relays . 

Type HV-3 R e l a y  

The tests outlined for the type H-3 45° character­

istic relay also apply to the HV-3 relay when the 

voltage restraint circuit is not connected. To make a 

complete check on the type HV-3 relay with all cir­

cuits connected, involves three-phase test source , 

phase shifter , potentiometers , and non-inductive re­

sistors for controlling the voltage and current to the 

relay respectively. This test will permit checking of 

all the characteristics of the relay at the proper phase 
angle . This test procedure however is usually too 

complicated for routine field testing. The complete 

test may be simplified for field testing by the follow­

ing modifications . Apply three phase restraining 

voltage to the restraining element and single phase 
to all three phases of the directional element. For 

the latter element the potential coils are all con­
nected in paralle l and the current coils are connected 

in series . With a non-inductive load, the relay will be 
operating about 45 ° away from its maximum torque 

position and consequently current values to trip a 
given voltage will be increased by about 30%. Since 
the combination of three-phase restraining torque and 

single-phase operating torques on all three elements 

produces some unbalanced torque in the moving ele­

ment, it is recommended that tests be made at a re­

duced voltage (65 volts or less). With 65 volts ap­

plied to voltage restraint elements , about 8 amperes 

is required at unity power factor to make the relay 
operate . 

To check the circuits thru the voltage restraint 

element, the relay should be energized at normal 
voltage for about 10 minutes . The potential circuit of 
the directional element should then be opened. Then 
open the phase A potential to the voltage restraint 

unit and observe the torque produced on the moving 
element,  if any. Replace A lead and remove the B 

lead and again observe the torque . Repeat for the C 

lead and in all cases there should be no torque or a 

very slight torque present. Any defects in the coils 

or capacitors of the voltage restraint circuits will be 

made apparent by the presence of excessive torque 

during this test. 

C ontactor Sw �tch 

Adjust the stationary core of the switch for a clear-

ance between the stationary core and the moving core 
when tb.e switch is picked up. This can be most con­

veniently 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 mov­

ing 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 resid­

ual magnetism. Adjust the contact <i:learance for 3/32 

inch by means of the two small nuts on either side of 
the Micarta disc. The switch should pick up at 1 am­

pere d-e . Test for sticking after 3 0  amperes d-e have 

been passed thru the coil. The coil resistance is 

approximately 1.0 ohm. 

Op erat ion  I n d i cator 

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. 

I n d i cat ing  Contactor S w i tch ( ICS)  - ( HV-3 on ly)  

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. 

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. 

ENERGY REQUIREMENTS 

The burdens and constants of the relays are as 

follows per phase : 
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TYPES H-3 AND HV-3 RELAYS ________________________ _ 

Resistance (ohms ) 
Reactance (ohms) 

Impedance (ohms ) 

Watts 
Vars 
Voltamperes 

Power Factor 

T Y P ES H-3, H V-3, 45 ° C HA R A C T E R IS T IC R E LA Y  

VA L U ES AT 120 V O L TS, 5 A M P E RE S, 60 C Y C LE S  

T y pe H-3 

C urrent Vo l tage C urrent 

Circuit Circuit Circuit 

0. 050 2070 0 . 050 
0.052 1530 0 .0 5 2  

0, 072 2580 0. 072 

1. 25 4 . 59 1 . 25 
1 . 29 3.40 1 . 29 
1. 82 5 . 7 1  1 . 8 2  

46° lag 36. 5° lag 46° lag 

Continuous Rating (Amperes or Volts) 5 1 20 5 

One Sec ond Current (Amps. )  230 . . . 
-� ------�-- '-------

230 

VA L U ES AT 1 20 V O L T S, 5 A MP E R E S, 50 C Y C L E S  

Resistance (ohms ) 
Reactance (ohms) 
Impedance (ohms ) 

Watts 
vars 
Voltamperes 
Power Factor 

Continuous Rating (Amperes or Volts ) 

One Second Current (Amps . )  

8 

Type H-3 

C urrent 

Circuit 

0 . 0488 
0 .0349 
0 . 06 0  

1 .22 
. 87 

1 .5 

3 3 .5 ° lag 

5 

230 

Vol tage 

Circuit 

2560 
975 
2740 

4 . 89 
1 .86 
5 . 23 
2 0 . 8 °  lag 

120 

. . . 

C urrent 

Circuit 

0. 0488 
0.0349 

0. 060 

1 . 2 2  
. 8 7  

1 . 5  
3 3 . 5  ° lag 

5 

230 

Type HV-3 

V o l tage 

Circuit 

( Directional) 

2070 
1530 
2580 

4 . 59 

3 . 40 

5 . 7 1  

36° lag 

120 

. . . 

T y pe HV-3 

Voltage 

Circ uit 

(Direction a l) 

2560 
975 
2740 

4 . 89 
1 .86 
5 . 23 
2 0.8 ° lag 

120 
. . . 

R estraint 

Circuit 

* 1480 
1840 
2360 

3.84 

4 . 75 
6. 1 
5 1° lag 

120 
. . . 

R e s traint 

Circuit 

2720 
1570 

3 14 0  

3.44 
2 . 00 

3 . 98 
3 0 . 1 ° lag 

120 
. . .  
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T Y P E H·3, WATT C H A R AC T E R IS T I C  R E L A Y  

V A L U ES AT 120 V O L T S ,  5 A M P E R E S ,  60 C Y C L E S  

Type H-3 

Resistance (ohms) 

Reactance (ohms) 

Impedance (ohms 

Watts 

Vars 
Voltamperes 
Power Factor 

Continuous Rating (Amperes or Volts ) 
One Second Current (Amps .)  

C urrent 

C ir c u i t  

. 02 8  

. 0192 

. 034 

.70 

.48 

. 85 

3 4 . 5  ° lag 

5 

230 

T Y P E S  H-3, HV-3,  45 ° C HA R A C T E R IS T I C  R E LA Y  

VAL U E S  AT 1 20 V O L TS, 5 AM P E R E S, 2 5  CYC L E S  

Resistance (ohms ) 
Reactance (ohms ) 
Impedance (ohms ) 

Watts 
Voltamperes 
Power Factor 

Continuous Rating 
One Sec ond Rating 

T y pe H-3 

C urrent 

C ir c u i t  

.0380 

.0192 

. 0420 

.94 
1 . 05 
2 6 °  lag 

5 
230 

Voltage 

C ir c u i t  

3 830 
3 200 
5000 

2 . 20 
2 . 88 
4 0 °  lag 

1 20 
. . . 

Type H V-3 

V o ltage 

C u rrent C ir c u i t  

C i rcu i t  (D irect iona l) 

.0380 3830 

. 0 1 92 3 200 

. 0420 5 000 

.94 2 .20 
1 . 05 2.88 
26 ° lag 4 0 °  lag 

5 1 20 
230 

.
. .  

Vo ltage 

C ir c u i t  

2740 

1440 

3 1 00 

4 :09 

2 . 1 4  
4 .6 2  
2 7 . 8 °  lag 

120 

Restra int  

3 980 
990 
4 1 00 

3 . 3 9  
3 .50 
14 ° lag 

120 
. . .  
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TYPES H-3 AND HV-3 R ELAYS ________________________ _ 

14 

• 1�0-32 SC!i?EW 

SPACCR F02 
THIN PANEL'S 

2-18SCRE.W tG (F02 THICK 
PANEL USE 
.l5. - 18 .!>TVD) I� 

190-32 sceEW (FO� THICK 
'PA"if.L IJ5£. 
. \90-.32 5TUD) 

TERMINAL AND MOVNTIN� DETAILS 

NOTE ; ALL DIMENSIONS 
I N INCHES 

TERMINAL NUMBER 

j_ DIA. 4 H OI..E& F"O. 
4 .190-3Z MTEJ. SCeE:WS 

5� 
PANE L CUTOUT 4: DRILL IN(;I FOR SEMI-FLUS H JVIT� • 

PA"--EL. D R ILLING 02 CUTOUT F"OR 
PROJECTION MT�. 

(F�ONT VIEW) 

183Al58 

Fig. 14 - Outline and Drilling Plan far the H-3 Relay in the FT22 Case. 
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TYPES H-3 AND HV-3 RELAYS 

IJ.) 
(jl <( 
v 

i I I� ,I · l  r. r ·--· 
':::J 

- I+ I 3 o::l I 
-· -e-1 -

' 

I -IN 
I IS' ! t -_U T I 

I ' I ---<� �r- ii i i  
I 3 I •: " f4- 10 - � \J I PA�EL LOCI\T I OI-J 

S E M ! - I="LU SH MTG.. 
PROJECTION M T G .  � -.__..---. 190->2 5 C  R E w 

� 
PAN E L.. 

SPACER FOR THIN PA N E LS 
5 f6-18 SCREW 

( FoR T H I CK 
PANEL USE. �- 18 STUD) 
.1�0·3'2 SCRE:W lilldl 

FOR T\-1\ C K.  PANEL <t 
U � E  . 1 9Cl - 32. STUD 

TERMINAL AND 
. MOU N T I N C.  DETA ILS 

r r'r E. : ALL DIMENSIONS 
IN lNCH t= 5  

: I.L. 41 -226.2C 

t Dl�. 4 1-! 0LES FOR 
. I  S0-3'2 MTG. S C  R E.WS 

PANE L CJTOUT � DR I LLIN� 
FoR S EM I - F L U S H  M'T(j.  

�OVVZ.OHO\.E.-, 
OR CU'T OUT 

PANEL DR.JLLlNG OR CVTO U T FO� 
PF\OJ E. C r  MTG · 

FF;ONT VI E:W 
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Fig. 15 - Outline and Drilling Plan for the HV-3 Rela, In the FT32 Case. 
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::�;) INST R UCTIONS 
INSTA LLATION • OPERATION MAINTENANCE • 
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TYPES H-3 AND HV-3 THREE PHASE 
DIRECTIONAL RELAYS 

CAUTION Before put t ing re lays int o service , 

remove a l l  b l o cking which may have been in ­

serted for the purp o se of se curing the part s 

during shipment . Make sure that all moving 

part s operate free ly and in spe ct the c ontac t s  

t o  s e e  that they are c lean and c l o se prope rly . 

Operate the relay t o  che ck the settings and 

e le ctrical c onne c t i on s .  

APPLICATION 
The type s H-3 and HV-3 re lays are po lyphase 

dire ct i onal relays which are used to obtain 

high speed direct ional d i s criminat i on during 

fau lt s  on power systems . The type HV-3 relay 

has a vo ltage re straint e lement which int r o ­

duc e s  a re straining t orque o n  the relay pro ­

port i onal t o  the area of the voltage t riangle . 

Thu s , at n ormal voltage , suffic ient t orque i s  

produced t o  prevent operat i on o f  the re lay on 

normal l oad current flow . Any fault on the 

system reduce s the area of the voltage 

t riangle , and c on sequent ly the amount of re ­

st raint . At the same t ime the current in the 

re lay increase s and the re lay operat e s  if the 

fau lt i s  in the c ontact c l o sing dire c t i on . 

Since the volt age t riangle does n ot c o l lap se 

as much on ground fault s as it does on phase 

fault s ,  it i s  desirable t o  remove voltage re ­

st raint on ground fault s .  Thi s may easily be 

done by an instantane ou s  overcurrent ground 

re lay (type SC ) with it s back c ontact s c on ­

nected t o  open any one o f  the lead s  t o  the 

voltage rest raint e lement . 

The direction o f  p ower flow for b oth pha s e  

and ground faul ts  c an b e  detected with the s e  

relays . To obtain correct operation during 

groun d faul t s ,  i t  i s  nec e s sary that +.he min i ­

mum current i n  the faul ted conductor b e  a t  

l ea s t  twice the maximum l o a d  current f l ow 

( with no voltage restra int on the relay ) s o  

Supersedes l.l. 41-41 90 
* Denotes change from superseded issue. 

that if the fault current and l oad current s 

are in opp o s i t i on ,  the former w i l l  always pre ­

dominate and give a net t orque on the re lay 

in the c orre ct direct ion . Stated another way , 

the min imum l ine - t o -ground current must be at 

least three t ime s the maximum l oad current for 

c orrect ground fau lt prote ct ion . Low ground 

current o c curs most frequently on impedan ce 

grounded systems . Where p o s it ive direct i onal 

indi cat ion cannot be obtained under all 

system c ondit i on s ,  it is rec ommended that a 

separate ground dire c t i onal re lay be used . 

Both the type H-3 and the type HV-3 re lays 

can be furni shed vith e ither a watt character­

i st ic or a 45 ° charact e r i st i c . 

CONSTRUCTION AND OPERATION 
The type H-3 re lay c on s i st s  of a po lyphase 

dire c t i onal e lement , two c ontact or swit che s ,  

and two ope rat i on indi cat or s .  The type HV-3 
relay c on s i st s of a p olypha se dire c t i onal e l e ­

ment , a voltage re straint e lement , t w o  c on ­

tactor swit che s ,  and two operation indicat o r s . 

The se e lement s are as f o l l ow s : 

Po lyphase Dire c t i onal Element 

Thi s e l ement c on s i st s  of three e le ct r o -

magnet s ,  and a vert i cal shaft with three 

movab le l o op s ,  arranged as shown in figure 1 .  
Each loop has it s out er s ide lo cated in an air 

gap within the e le ct romagnet . Each e le ct r o ­

magnet has a thre e - legged magnet ic c ircuit 

wound with three c o i l s .  The c o i l s  on the two 

out er legs are the voltage windings . Voltage 

appl ied t o  the se c o i l s  induce s a large current 

in the l o op by tran sforme r act i on . Current 

f l ow ing thru the current coil on the center 

leg of the e le ctromagnet produce s an air gap 

flux which interact s with the l o op current 

f lux in the out e r  s ide of the l oop and cau s e s  
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TYPES H-3 AND HV-3 RELAYS ________________ _ 

tact s .  Two auxi liary cont act or swit che s - - one 

in each c ontact c ircuit - -provide sea l - in c i r ­

cuit s for the main re l ay con t act . The main 

c ontact s w i l l  c l o se 30 ampe re s at 250 volt s 

d - e  and the aux i l iary c on t act o r s  w i l l  safe ly 

carry thi s current unt i l  the b re ake r i s  

t r ipped and the aux i l iary " a "  swi t ch open s .  

The c ontactor swi t ch has a min imum pick-up of 

one ampere d - e  and a c o i l  re s i st an c e  of one 

ohm . 

Typical 50 and 6 0  cycle phase angle charac ­

t e r i st i c s  of the 4 5 ° charac t e r i st i c  re lay are 

shown in figure 6 .  Maximum t orque , in the 

con t act c l o s in g  dire ct ion , o c cu r s  when the 

l ine current lags the l ine -t o -neut ral volt age 

by approximat e ly 45 degree s ,  when 

9 0 °  connect ion . 

u s in g  the 

Typical 50 and 60 cycle sen s it ivity curve s 

at maximum t orque are shown in figure 7 .  The 

sen s it ivity of the t ype HV-3 re lay without 

voltage rest raint i s  the same as the type H-3 

re l ay . The 60 cycle three phase minimum p i ck ­

u p  without spring re st raint of the type H - 3  

re l ay i s  0 . 08 ampere s at 1 1 5  volt s ,  0 . 15 am­

pere at 10 volt s ,  and 5 . 0  ampere s at 1 volt . 

The s ingle phase minimum pick-up current s are 

approximat e ly three t ime s tho se for three 

phase . It w i l l  be noted from the curve s that 

the sen sitivity of the type HV-3 relay with 

volt age re st raint is decreased only at volt ­

age s above 2 v o lt s .  The curve s a l s o  shov that 

10 ampe r e s  60 cyc l e s  are required at 1 1 5  v o l t s 

t o  overcome voltage re st raint . 

Typical 

to 1 1 .  

of . 03 5 

50 cycle 

re l ay s . 

t ime curve s are shown in figure s 8 

A l l  curve s are for a c ontact spacing 

inch and at maximum t orque for 6 0  and 

re lay s  and . 07 0  inch for 25 cycle 

INSTALLATION 

The re lay s should be mounted on swit chboard 

pan e l s  or the ir e quivalent in a l o cat ion free 
from dirt , moi sture , exce s s ive vibrat i on and 

heat . Mount the re l ay vert ically by mean s of 

the two mount ing stud s for the s t andard case s 

and the type FT p r o j e c t i on case or by me an s of 

the four mounting hole s on the flange for the 

semi -flu sh type FT case . Either of the stud s 

6 

or the moun t in g  s c revs may be ut i l ized for 

grounding the re lay . The e le ct rical c onn e c ­

t ion s may b e  made direct t o  the t e rmin a l s  by 

mean s of s crews for ste e l  pan e l  mounting or t o  

t e rminal stud s furn i shed with the re lay for 

ebony-a sbe st o s  or s late pan e l  mount ing . The 

t e rminal studs may be e a s i l y  removed or in ­

serted by l ocking two nut s on the stud s and 

then turning the proper nut with a wren ch . 

The external conne ction s  for typical app l i ­

cat i on s o f  the type H-3 and HV-3 re lay s are 

sho,.rn in figure s 12 thru 19 . 

ADJUSTMENTS AND MAINTENANCE 

The proper ad ju stment s t o  in sure correct 

operat i on of thi s re lay have been made at the 

fact ory and should n ot be di sturbed afte r  re ­

c e ipt by the cu s t ome r .  If the adjustment s 

have been changed , the re l ay taken apart for 

repair s ,  or if it i s  de s ired t o  check the ad ­

ju stmen t s  at regular maintenan ce period s ,  the 

i n s t ruct i on s b e l ow should be f o l l owed . 

* A l l  cont a c t s  shou l d  be c l eaned p eriodi c a l l y .  

A c on t a c t  burn i sher S#l82A 836H01 ill rec ommended 

for this purpos e . The use of abras ive material 

for c l eaning c on t a c t s  i s  n ot recommende d ,  b e ­

c au s e  of t h e  danger of embedding sma l l  p a rt i ­

c l es i n  the fa c e  o f  the s oft s ilver a n d  thus 

impa iring the contact . 

Ad just the l ower bearing so that b oth the 

t op and bot t om of the loops are e qui -di stant 

from the i r  re spe ct ive magn e t i c  circuit s .  

Energize the p ot e n t ia l  c ircuit s of the re lay 

unt i l  the l oop s reach operat ing temperature . 

About ten minut e s  at n o rmal voltage i s  n e c e s ­

sary t o  reach thi s c ondit ion . When the ope r ­

ating t emperature i s  reache d ,  adjust the upper 

bearing for 1/64 in ch c learan ce .  

The loop s of each e lement must be in l in e  

with the center of the middle leg of the mag ­

net i c  circuit . If n e c e s sary , this adju stment 

can be obt ained by l o o sening the e lect romagnet 

mount in g  s c rews and moving the whole e le ct ro ­

magnet in the de s ired dire c t i on . A l l  three 

e lement s mu st have the s ame re lat ive p o s i t i on 

of loop and magn e t i c  c ircuit . 
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\lECTOR ROT,.."f\ON 
-----
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5"-D· /.181 REAR '\1'/i.'W 

MAX TORQUE. POSITION OF" If PHASE. A C!URR E. NT: / (H -3 RELAY) 

VLCTOR� F"OR 100" P.F: 
E PO\..IEg IN TR\PP'INGi DIRE.CTION cA 

II ij &: 
� >-

.. .  c 

2 -D-1618 

Fiq. 12-External Connections for Directional Balanced Over­
current Phase Protection of Two Parallel Lines Using 
One Type H-3 (90° Connection) and Three Type SC 
Relays All in the Standard Cases. 

P�SE ROTATION A,�C 

V�C.TOR.S FOR. 100 'fo P.F: POWER \N TRIPPING, ThRE..Cl"ION 

I> 
B 

2 -D-1623 

Fig. 14-External Connections for Directional Phase Protec­
tion of a Three Phase Line Using the Type HV-3 
(90° Connection) Relay and Three Type CO Relay• 
All in the Standard Cases. 

� e 
w 
. � S-D- 1.161 

REAR Vl£4../ 

� O M\N,l'l,.. \JOI,...TP,C.C. 0� MC. R,.,1..f'\.'f 'SI4o�l..l> •"E. lill.f't''IUI)I. t C.oN"I:tii:O\. '/01.,"'\"!\(o'E, • 

V £C.TOR$ fOR \I;)Q "/o P.f. Powe:R IN T'tlf'_r,_. bnt&C.Tiol'(. 

6 -D-7367 

Fig. 13-External Connections for Directional Overcurrent 
Phase Protection of a Three Phase Line Using Three 
Type CO Torque Controlled Relays Directionally 
Controlled By One Type H-3 (90° Connection) and 
One Tvpe MG Relay All in the Standard Cases. 

m A B C  

RELAY H - 3  
,.. 0 · 1 3 8 1  REAR VIE\./ 

VtCTrR EA H-3 RELAY VOL TA(iE. 

FOR MAX I M UM TORQUE 
ROTATION�ANO CURRENT IN PHA5E. 

'• 

Is Ec E5 

VECTORS f"'OJl' 100 .,.. P. F. POWER IN TRIPPING DIRECTION 

F'OR REVERSE WATTS (TRIPPING DIRECTION R E ·  VE:.RSED) USE L.H. REAR 
VIEW C'ONTAC TS� 

4 -D-1865 

Fig. 15-External Connections for Reverse Power, or Direc­
tional Phase Protection Using the Type H-3 (Watt 
Connection) Relay in the Standard Case. 7 www . 
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TYPES H-3 AND HV-3 RELAYS 

��P�A5E BUS 

REAR. VIEW 

VECTOR ROTAHON 
EAS ,.--- ------.. 

CA 

�ASE "A' MAX. TORQUE POSITION lf � PI-lASE. A CURRENT / (H-3 RELAY) 

r, 
VECTORS FO� IOO'Yo P F .  pov...!E'R. I N  TI(\PP\N& DIRECTION 

A B C 

A 
B 
c 

1 1 -D-9530 

Fig. 16-External Connections for Directional Balanced Over­
current Phase Protection of Two Parallel Lines Using 
One Type H-3 (90° Connection) and Three Type SC 
Relays All in the Type FT Cases. 

fi.LL j;2E.LA'(S - £EAR VIEW 

A B C 

I 

VECTC>KS FOI2' 100% P.F. F'OWER IN T'R.IPPIN& OUCECTtON . 
1 1 -D-9521 ) 

Fig. IS-External Connections for Directional Phase Protec­
tion of a Three Phase Line Using the Type HV-3 (90° 
Connection) Relay and Three Type CO Relaya All 
in the Type FT Case. 
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I �  
+ �. 

A B C /( 
VEC10� lC 
ROTATION 

VECTORS FOR 100 ,-o P.F. 
1"0//IEIO?. IN Tli:.\PPIN& DIRE.CT\QN. 

1 1 -D-9520 

Fig. 17-External Connections for Directional Overcurrent 
Phase Protection of a Three Phase Line Using Three 
Type CO Torque Controlled Relays Directionally 
Controlled By One Type H-3 (90° Connection) and 

i I I ! I I 
I 

E: 

One Type MG Relay All m the Type� 
A 8 c 

3 PHASE B 5 P14ASE ROTATION 

� t;J l-*-· �NO _v , '','/ T f'''L�•2•'<f�·--.. 
TIMEI2 OR � ?1 �R:- �EL�V 

"T«IP ��'' COIL CQNNECT TOGND -1� WI4EN TH�EE POT. • WA�. ARt.��- W· z 11" 

y ]+:Q�' 
U.s " 

•tl '" ' "  

_00, ' Wi.J ' 
� --

REAR. VIEW 

m + 
EA �-3 litl:LAY VOLTAGE AWD CU�2E.NT IN PHASE A 8 C CJ:O"- MAX. 1012QUE-

IA 
VEC TOg FOR REVERSE WATTS 

i20TATION tTRIPP\N& �"RE.CT\ON REVER.SW) 
USE L.H."REA� \IJE.W CON"TACTS. 

Is 
c 

Ec Eg 
V£CTO�S FOR \00 Ofo P. F. POWER U.J TI<IPPIN& 0\il.ECT\ot.J. 

1 1 -D-9528 

Fig. 19-External Connections for Reverse Power or Direc­
tional Phase Protection Using the Type H-3 (Watt 
Connection) Relay in the Type FT Case. 
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TYPES H-3 AND HV-3 RELAYS _________________ _::.'-..:::..L .::::41�-2�26 

Type H-3 Re lay 

The p o larity of the re lay is checked as  

follows : Refer t o  figure 2 or 3 and apply 115  
volt s and 5 ampere s ( in phase ) t o  the  corre s -

ponding voltage and current c o i l s  i n  turn , 

with the t e rminal s  marked with p olarity marks 

connected t ogether . Looking at the t op of the 

relay ,  the moving e lement should rotate in a 

c ounter-clockwi se direct i on . 

Adjust the back-up strip located in front of  

e ach moving contact by bendinE so that i t  just 

t ouche s the contact spring vhen the c ontact s 

are open . Adjust the small cylinder behind 

the moving contact to obtain . 009 inch c ontact 

fol low . Thi s  is done by advan c ing the 

cylinder unt i l  it just t ouche s the rear of the 

moving c ontact spring, and then backing off 

l/2 turn . 

4 5 °  Characteristic  Relay Adjustment s 

Remove spring restra int by a djusting the 

spring adjust e r .  App ly s ingl e -phas e  current 

of  50 amp eres with p olarities  as shown on in­

t erna l  s chematic  diagram t o  the current coils  

which should be c onnected in s eries . Each 

p otent ial c oil should be short - c ircuited . 

When energized the relay moving el ement will  

center  i t s e l f  due t o  the  combined t orques pro­

duced by the 50 amperes of current and the 

spring restra int . Rea djUst the spring ad­

jus t e r  unt i l  the  c entering posit ion of the 

moving el ement is exactly the same for the 

condit i on of zero current or with 50 

in the current coil s . Under this 

the torque produced by the spring 

amperes 

c ondit i on 

at  the 

centering position is zero and does not tend 

t o  "offset " or shift the cent ering position 

due t o  the current . This final cent ering 

position wil l be c a lled the neutra l position . 

With the moving e l ement in the neutra l pos i ­

t ion a djust each stationary contact for . 01 5  

inch contact spacing and lock i n  this posit i on 

for 60 and 50 cyc l e  relays and . 035 inch for 

25 cyc l e  relays . 

There a re two adjustable stop screws l ocated 

on the frame c a s t ing . These stops are used 

when the relay i s  supplied with two c ircuit 

c l o s ing c onta cts  and p e rform the same funct ion 

NO"TE: I  CONNEC.TION8 ARE F"ott "fMi: T&•T 
0� PAA•& .. E��lro\�lliT. 1"0111. '& KL.aM&:"'T 

Slo4�1 PAA�E �M8'L£ Mil: ,.I£ ... 81:. PoT· 
l.k1'1AI- CON,..KC'TlOM9 

-e .... .,... LoAD 
'*'' J..-- AMME.T�III:' 

NO"l'e :  Z · WJTH CONNECTtOlr6 � T'MI!. trMKE t:."'f'lJiti('!T C.l..ose!lo. 
T£�1'-'AL ARRANGEMENTS. FOR DtFFEQEW TYPE. ._..� &. HV·3 �LAYS 

Fiq. 20---Diaqram of Test Connections for the Types H-3 and 
HV-3 Relays. 

a s  the s t op s  on the moving contact  a s s embly . 

Watt Cha racteristic  Relay Adjustments  

Remove spring restraint by  a d justing the 

spring adjuster . Apply sing l e -pha s e  potent i a l  

of  6 7  vol t s  with polarities  a s  shown on in ­

t erna l  s chema t i c  diagram t o  the potenti a l  

c o i l s  which should b e  c onnected in p a ra l l el . 

Each current coil shoul d be open -c ircuited . 

When the potent ial  circuits  a re deenergi zed 

the moving el ement will t end to  be cent ered by 

the spring . When the potential c i rcuit s  are  

energized the moving el ement may move either 

to the right or to the left . If  under this 

c ondit i on the moving el ement move s  the c on ­

tacts  t o  the right , the spring should b e  re -

a djusted t o  move the deenergized spring 

centering posit ion of the moving el ement t o  

the l eft . I f  under this condition the moving 

el ement move s  the c ontacts to the l eft , the 

spring should be readjusted to move the de-
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TYPES H-3 AND HV-3 RELAYS _________________ _ 

energized spring c entering p o s i t i on of the 

moving e l ement to the right . C ontinue t o  

shift the c entering p os it i on o f  the spring 

unt i l  a sma l l  movement o f  the spring a d juster 

will caus e the moving e l ement t o  move in one 

dire c t i on when the p o t en t i a l  i s  app l ie d  and a 

sma l l  mov ement in the other directi on will 

c aus e the moving e l ement t o  move in the op ­

p os i t e  direct i on . This fin a l  c ent ering p o s i ­

t i on w i l l  be c a l l e d  the n eut ral p o s i t i on . 

With the moving el ement in the neut ra l p o s i ­

t ion a djust each stat i on a ry c ontact f o r  . 01 5  

inch c ontact spac ing and l ock in this p o s i t i on 

for 60 and 50 cyc l e  relays and . 035  inch for 

25 cyc l e  relays . 

Type HV -3 Relay 

The t e s t s  out l ined for the typ e  H-3 4 5 °  

chara c teri s t i c  relay a l s o  app ly t o  the HV-3 

relay when the voltage restraint c ircuit i s  

n ot c onnec t e d . T o  make a c omp l ete check on 

the typ e HV -3 re l ay with all c ircuit s  c on -

n e c t e d ,  involves three -pha s e  t e s t  s ourc e ,  

pha s e  shift e r ,  potentiomet ers , and n on -induc ­

t ive resist ors for c ontro l l ing the voltage and 

current to the relay resp e c t ively . Thi s t e s t  

w i l l  p e rmit checking of a l l  t h e  chara cter­

istics of the relay at the p rop er pha s e  angl e . 

This t es t  procedure however is usua l ly t o o  

* c omp l i c a t e d  f o r  rout in e f i e l d  t e s t ing . T he 

c omp l e t e  t e s t  may be simp l i fied for f i e l d  

t e s t i n g  by t h e  Fol l owing modi f i c a t i on s . App l y  

three pha s e  res t ra in ing voltage t o  t h e  r e ­

s t ra ining e l ement a n d  s ingl e pha s e  t o  a l l  

three pha s e s  of t h e  dire c t i onal el ement . For 

the l a t t e r  e l ement the p ot ent ial c o i l s  are a l l  

c onnected i n  p a ra l l e l  a n d  the current c o i l s  

a re c onnected i n  serie s . With a n on - in ductive 

l o a d ,  the relay will b e  op erat ing about 4 5 °  

away from i t s  maximum t o rque p o s it i on and 

c on s e quent ly current values to trip a given 

voltage will be inc rea s ed by about 30% .  Since 

the c ombina t i on o f  thre e -pha s e  re stra in ing 

t orque and s ingl e -pha s e  op erat ing t orques on 

a l l  three e l ements p roduc e s  s ome unbalanced 

t o rque in the moving el ement , it i s  r e c om­

mended that tests be made at a reduced voltage 

( 6 5  v o l t s  or l e s s ) . With 65 volts app l i ed t o  

vo ltage re straint e lement s ,  about 8 ampe re s i s  

required a t  unity power fact or t o  make the re -

10  

lay operat e . 

To che ck the circuit s thru the voltage re ­

st raint e lement , the relay should be energized 

at n ormal vo ltage for about 10 minute s .  The 

potent ial circuit of the direct ional e lement 

should then be opened . Then open the phase A 

p ot ential t o  the vo lt age re st raint e l ement and 

observe the t orque produced on the ·moving e l e ­

ment , if any . Replace A lead and remove the B 

lead and again obse rve the t orque . Repeat for 

the C lead and in all case s there should be no 

t orque or a very s l ight t orque pre sent . Any 

defect s in the coil s or capac it ors of the 

voltage re straint circuit s will be made ap ­

parent by the pre sence of exce s sive t orque 

during this t e st . 

C ontactor Switch 

Ad just the stat ionary core of the switch for 

a c learance between the stat ionary core and 

the moving c ore when the switch is picked up . 

Thi s can be most c onvenient ly done by turn ing 

the relay up - s ide -down . Screw up the c ore 

screw unt i l  the moving c ore start s rotat in g . 

Now ,  back off the c ore screw unt i l  the moving 

c ore st op s rotat ing .  Thi s indicat e s  the point 

where the play in the moving c ontact a s sembly 

is taken up , and whe re the moving c ore just 

separat e s  from the stat ionary c ore s c rew . 

Back off the stat i onary c ore screw one turn 

beyond thi s p o int and l o c k  in p l ace . Thi s  

prevent s the moving c ore f r om st riking and 

s t i cking to the stat ionary c ore because of 

res idual magnet i sm .  Adjust the c ontact c lear­

an ce for 3/32 inch by mean s of the two sma l l  

nut s o n  e ither s ide of the Micarta d i s c . The 

swit ch should pick up at 1 ampe re d - e . Te st 

for sti cking after 30 ampere s d - e  have been 

p a s sed thru the coil . The c o i l  re s i stance i s  

approximate ly 1 . 0  ohm . 

Operat ion Indicat or 

Ad just the indi cat or t o  operate at 1 . 0  am­

pere d-e gradual ly app l ied by l o o sen ing the 

b·rO s c rew s on the under s ide of the a s semb ly ,  

and moving the bracket forward or bacbmrd . 

If the t.ro he l i cal springs which re set the 

armature are replaced by new sprin g s , they 
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TYPES H-3 AND HV-3 RELAYS _________________ ....:.:.'·.=..L .;;;41:.....:-2:.::=26 

should be weakened s l ight ly by stret ching t o  

obtain the 1 ampere c a l ibrat ion . The c o i l  

re s i stan c e  i s  approximate ly 0 . 16 ohm . 

Repair 

at the 

RENEWAL PARTS 

work can be done mo st sat i sfact orily 

fact ory . Howeve r ,  int e rchangeab l e  

part s c a n  be furn i shed t o  the cus t ome r s  who 

are e quipped for doing repair work . When 

orde ring part s ,  always give the c omplete 

namep lat e dat a .  

ENERGY REQUIREMENTS 

The burden s and c on s t ant s of the re lays are 

as f o l l ow s  per phase : 

TYPES H- 3 ,  HV- 3 ,  45° CHARACTERI STIC RELAY 

VALUES AT 115 VDLTS ,  5 AMPERES ,  60 CYCLES 

R e s i s t anc e ( ohms ) 
Reac tanc e � ohms � 
Impedanc e ohms 

Wat t s  
Vars 
Vo ltamper e s  
P ower Factor 

C ont inuous Rat ing ( Amper e s  
One Sec ond Current (Amps . )  

R e s i s tanc e ( ohms ) 
Reac tanc e � ohms j 
Impedanc e ohms 

Wat t s  
Var s 
Vo ltampere s  
Power Fac tor 

C ont inuoc;.s Rat ing (Amper e s  
One Sec ond Current (Amps . )  

Type 

Current 
C ircuit 

0 . 04 5  
0 . 045 
o . o6 4  

1 . 13 
1 . 13 
1 . 6  
45° lag 

or Vo lt s )  5 
230 

H- 3 

Voltage 
C ir c u i t  

3 0 4 0  
1320 
3310 

3 . 6 7  
1 . 59 
4 . 0  
23 . 5° 

115 
. . . 

lag 

Current 
C ir c u i t  

0 . 04 5  
0 . 045 
0 . 064 

1 . 13 
1 . 13 
1 . 6  
45° lag 

5 
230 

VALUES AT 115 VOLTS, 5 AMPERES, 50 CYCLES 

Type H- 3 

Current Vo ltage Current 
C ir c u i t  C ir c u i t  C ir c u i t  

0 . 0488 2560 0 . 0488 
0 . 0349 975 0 . 03 4 9  
0 . 060 2740 0 . 060 

1 . 22 4 . 5  1 . 22 
. 87 1 .  7 1  . 87 

1 . 5  4 . 82 1 . 5  
33 . 5° lag 20 . 8° lag 33 . 5° lag 

or Volt s )  5 1 15 5 
230 . . . 230 

Type HV- 3 

Voltage 
C-ircuit 

(Dire c t i onal )  

3040 
1320 
3 3 10 

3 . 67 
1 . 59 
4 . 0  
23 . 5° lag 

115 
. . .  

Type HV- 3 

Vo ltage 
C ircuit 

(D irec t i onal ) 

2560 
975 
2740 

4 . 5  
1 .  7 1  
4 . 82 
2 0 . 8° lag 

115 
. . . 

R e s traint 
C ir c u i t  

176 0 
2040 
2700 

3 . 2  
3 . 7  
4 . 9  
49° 

115 
. . .  

lag 

R e s traint 
C ir c u i t  

2720 
1570 
3 140 

3 . 17 
1 . 84 
3 . 66 
30 . 1° lag 

115 
. . .  
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12 

TYPE H- 3 .  WATT CHARACTERI STIC RELAY 

VALUES AT 115 VOLTS, 5 AMPERES, 60 CYCLES 

R e s i s tance ( ohms ) 
Reac tance ( ohms ) 
Impedance ( ohms ) 

Watt s  
Vars 
Voltamperes 
Power Fac tor 

Continuous Rating (Amperes or Vo lt s )  
One Sec ond Current ( Amps . )  

Type H- 3 

Current 
C ircuit 

. 028 

. 0 192 

. 034 

. 70 

. 48 

. 85 
34 . 5° lag 

5 
230 

TYPES H-3, HV- 3, 45° CHARACTERISTIC RELAY 

VALUES AT 115 VOLTS 5 AMPERES 25 CYCLES , ' 

Type H- 3  Type HV- 3 

Voltage 
Current Vo ltage Current C ircuit 
C ircuit C ircui t C ircuit ( D ire c t i onal ) 

Re s i stance ( ohms )  . 0380 3830 . 0180 ��68 Reac t anc e � ohms � . 0 192 3200 .o 92 
Impedanc e ohms . 0420 5000 . 0420 5000 

Wat t s  . 94 2 . 03 . 94 2 . 03 
Voltamperes 1 . 05 2 . 65 1 . 05 2 . 65 
Power Fac tor 26° lag 40° lag 26° lag 40° lag 

C ont inuous Rat ing 5 115 5 115 
One Sec ond Rating 230 . . . 230 . . .  

Voltage 
C ircuit 

2740 
1440 
3 100 

3 . 76 
1 . 97 
4 . 25 
2 7 . 8° lag 

115 

Restraint 
C ircuit 

3980 
990 
4100 

3 . 12 
3 . 22 
14 ° lag 

115 
. . .  
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Flq. 21-0utline and Drillinq Plan for the ProJection Type Standard Case for the Type H-3 Relay. See the Internal Schematics 
For The Terminals Supplied. For Reference Only. 
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SEMI FLUS� �'11'1. 11TG. 

CUT OUT FOR 

SEMI FLUSll 
MOUNTIII<l 

r�"i�=f:::k:$�lt=:=r CUTOUT FOR 
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&·16 MTC0.STUD(2 'REO.� 

11'TG.ON 1'11\N 
PAMEUI 

,to A .\IOLES FOil. 
$E111 FLUSII 'NI'a 

Ml(o,(4.HOt.Es) 

1 6 -B - 2 4 76 

f'iq. 22-0utline and Drillinq Plan for the S20 Semi-Flush or Projection Type FT Flexiteat Caae For The Type H-3 Relay. See 
the Internal Schematics For The Terminals Supplied. For Reference Only. 
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::i::! 
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i- DIA.DRILL 
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PANELS 

� DIA.ORILL 
(Z.·HOLES) 

OPOU�S fOR THIN PA'NE.L . I,0·3Z TERM SC.REW 8c:. STUDS 
MOUNTINq i:·Z.OMOV��u�'s!C:E'W 

USE STUDS 
fOR HUCK PANELS 

7 9 -C - 9 4 2  

Fig. 23-0utline and Drilling Plan For the Projection Type Standard Case For the Type HV-3 Relay. See The Internal Schema­
tics for the Terminals Supplied. For Reference Only. 
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Fig. 24-0utline and Drilling Plan for the M20 Semi-flush or Projection Type FT Flexitest Case for the Type HV-3 Relay. See 
the Internal Schematics For Terminals Supplied. For Reference Only. 
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I. L. 41-226. 2 

INSTALLATION • OPERATION • MAINTENANCE 

INST R UCTION S 
TYPES H-3 AND HV-3 THREE PHASE 

DIRECTIONAL RELAYS 

C A U T I ON Before putting relays into service , remove 

all blocking which may have been inserted fa the pur­

pose of securing the parts during shipment. Make 

sure that all moving parts operate freely and inspect 

the contacts to see that they are clean and close 

properly. Operate the relay to check the settings and 

electrical connections . 

A P P L I C AT I O N  

The types H-3 and HV-3 relays are polyphase 

direction relays which are used to obtain high speed 

directional discrimination during faults on power sys­

tems . The type HV,.3 relay has a voltage restraint 

element which introduces a restraining torque on the 

relay proportional to the area of the voltage triangle . 

Thus , at normal voltage , sufficient torque is produced 

to prevent operation of the relay on normal load cur­

rent flow. Any fault on the system reduces the area 

of the voltage triangle , and c onsequently the amount 

of restraint. At the same time the current in the relay 

increases and the relay operates if the fault is in the 

contact closing direction. Since the voltage triangle 

does not collapse as much on ground faults as it does 

on phase faults, it is desirable to remove voltage re­

straint on ground faults . This may easily be done by 

an instantaneous overcurrent ground relay (type SC) 
with its back contacts connected to open any one of 

the leads to the voltage restraint element .  

The direction o f  power flow f or  both phase and 

ground faults can be detected with these relays . To 

obtain correct operation during ground faults, it is 

necessary that the minimum current in the faulted 

conductor be at least twice the maximum load current 

flow (with no voltage restraint on the relay) so that 

if the fault current and load currents are in opposi­

tion, the former will always predominate and give a 

net torque on the relay in the correct direction. stated 

another way, the minimum line-to-ground current must 

be at least three times the maximum load current for 

correct ground fault protection. Low ground current 

occurs most frequently on impedance grounded sys­

tems. Where positive directional indication cannot be 

obtained under all system conditions , it is recom-

HEW INFORMATION 

mended that a separate ground directional relay be 

used. 

Both the type H-3 and the type HV -3 relays can be 
furnished with either a watt characteristic or a 45 ° 
characteristic . 

C O N S T R U CT I O N A N D  O P E R AT I O N 

The type H-3 relay consists of a polyphase direc­

tional unit, two contactor switches, and two opera­

tion indicators . The type HV-3 relay consists of a 

polyphase directional unit, a voltage restraint unit, 

and two indicating contactor switches.  

P olyphase D i rectiona l Unit  

This unit consists of three electromagnets, and a 

vertical shaft with three movable loops , arranged as 

shown in figure 1 .  Each loop has its outer side lo­

cated in an air gap within the electromagnet. Each 

electromagnet has a three-legged magnetic circuit 

wound with three coils . The coils on the two outer 

legs are the voltage windings. Voltage applied to 
these coils induces a large current in the loop by 

transforJOOr action. Current flowing thru the current 

coil on the center leg of the electromagnet produces 

an air gap flux which interacts with the loop current 

flux in the outer side of the loop and causes rotation 

of the shaft in the direction corresponding to the 

direction of flow of the alternating current power. 

One loop and its associated electromagnet make 

up one phase of the three-phase relay. With the 45 ° 
characteristic relay a delta voltage and a star current 

are applied to each electromagnet, and proper phase 

angle characteristics are obtained as follows . The 

loop, which is considered as the secondary load of a 

transformer, has a much higher resistance than re­

actance, and the loop current lags the voltage applied 

to the electromagnet by an angle of 10 to 15 degrees. 

The air gap flux lags the applied current by about 55 

to 60 degrees because of the lag loops around the 

centerpole of the electromagnet. Thus maximum torque 

occurs when the relay current leads the relay voltage 

by 45 degrees .  
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TYPES H-3 AND HV-3 RELAYS'-------------------------

Fig. 

SPR ING ADJUSTER 
FOR TYPE H-3 
RELAY ONLY 

- Schematic - Top VIew of Polyphase Directional 
Unit. 

The 90° Connection is used on the relay to give 

the required delta voltage and star current. With this 

connection one of the electromagnets will have • A 

phase •  (star) current and •Be •  (delta) voltage which 

for a system power factor of unity, lags the current by 

90 °. :tience, with this connection and the above (45 °) 
relay characteristics ,  maximum torque is obtained 
when the system fault current is lagging its unity 

power factor position by 45 °. 

With the watt characteristic relay a star current 
and a star voltage are applied to each electromagnet. 

The air gap flux lags the applied current by about 10 
to 15 degrees because of the lag loops around the 

center pole of the electromagnet. Thus maximum 
torque occurs when the relay current leads the relay 
voltage by about 0 degree s.  

The instantaneous torque in each element of the 
relay is produced by the instantaneous products of 
voltage (loop current) and current (air gap flux) in the 

electromagnet, which is a double frequency pulsating 
torque . The torques in the other two electromagnets 

are also pulsating, but they are displaced 120 degrees 
in time phase and when all three instantaneous values 

are added, the result is a uniform non-pulsating torque. 

Two moving contacts are mounted at right angles 
to each other on the outer end of a leaf string which 
in turn is mounted on Is olantite arm on the moving 

shaft. A stop bracke t with a small cylinder partially 

2 

RED HAIIDL.E 

MOTE : 
RELAY SUPPLIED FOil: 90° CONMECTIOH USING -
IIHEIINAL PHAS ING 
LOOPS UNlESS OTKER­
WISE ORDERED 

COJITACTOII SWI TCH -

Ill Til IELAflfE IISU�U­

UOUS �LAIITUS AS Sllon 

fiE MAkE CM:JACT CLOUS 
AID TIIE MO,III ELDtEJIT 

IOUTU COUITU CLOClWUE 
(TOP YI EW) 

CENTER ELEMENT 
( f . V . )  

CIIASSIS OPERATED 
SHOfi:TING SWITCH 
ED HANDlE 

-TEST SWI TCH 
CUIIREMT WH JACK 

ERMIHAL 

183A335 
Fig. 2 - Internal S.:lrematlc of tire Type H-3 Relay In tire 

FT22 Case. 

- IIESISTOU 
(25 CY. ONLY) 

TOP CENTER ELEMENT 
(f. V . )  

T""1"cl"-+----.k VOLTAGE IIESTRA IHi 

IIOT£: 
RELAY SUPPLIED FOil: 900 COfUIECTION USING 
I NTEUAL PIUS lNG 
LOOPS UNL.ESS OTHEII­
WISE OIDERED 

WITH RELATIVE Ill� 
SUNTANEOUS POLAR 

I TIES AS SHOWN, THE 
MAKE CONTACT CU'ISES 
AND THE MOVING ELE• 
MENTS ROTATE 
COUNTER CLOCKWIJ� 
(TOP VIEW) YOLTAQES 
ON REJTRA UIT 
ELEMENTS AS SHQWII 
WJTH PHASE ROTATION 
A,I,C ROTATE filE 
���N1

T
��E�:�

)
CLOCK-'--.--';:::::..-=:--c--="--""'------""'--' 

LOWER CENTER ELEMENT 
( f . V . )  

TOP LEFT ELEMENT 
( f . i . )  

TOP RIGHT ELEMEIIT 
( F . V . )  

liASSIS OPERATED 
SHORTING SWITCH 
RED HANDLE 
TEST SWITCH 
CURREHT TEST JACK 
TERMINAL 

182A751 
Fig. 3 - lntemal Scltemotlc of tire Type HV-3 Relay In tire 

FT32 Case. 
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Fig, 4 - Typical Phase Angle Curve for 45 ° Character• 
lstic; 50 and 60 Cycle, H-3 and HV-3 Relays -
Balanced Three Phase Power Applied and No 
Spring Restraint. 

filled with tungsten powder is mounted behind eacb 

moving contact.  When the moving contact strikes 
against the rigid fixed contact screw , the spring is 

deflected for the necessary contact follow , after which 

the stop strikes the moving contact. Thus , the full 

torque of the relay is transmitted thru the contacts to 

maintain full contact pressW'e. The particles of 
tungsten powder in the small cylinder slide over each 

other at the instant of impact and absorb the energy in 
the moving element .  A flexible metal ribbon conducts 

CW'fent to the moving contacts. 

The type H-3 relay is s upplied with spring restraint 

which is adjusted to hold the contacts in the normal 
non-trip position when the relay is deenergized. This 

prevents a.n incorrect directiona l indication by the ele­

ment under the condition of loss of load. However, 

the spring restraint may be adjusted to give a bias 

torque in either direction. 

V oltage R e stra i nt U n it 

This element is supplied only in the type HV -3 re­

lays and consists of three electronagnets and loops 

similar to those used on the directional element. The 

restraining unit is mounted below the directional unit 

and the loops of the two units are fastened to a com-

10 

8 

2 

20 

Type HV-3 with 
VDito91 rt•tnlin 

Typt H·J and HV,f with· 
out volta91 rtot!Vint 

40 60 BO 
J � D.Ua Volts 

100 

I .L. 41·226.2 

120 

Curve 252147 

Fig. 5 - Typical Sensitivity Curve for 50 and 6Q Cycle, 
H-3 and HV-3 Relays - at Maximum Torque Angle. 

mon vertical shaft which operates the two contacts as 

described above . The outer coils of each electro­

magnet have one delta voltage (E1 ) applied and the 

center c oil has another delta voltage (E2) applied. 
By means of the capacitor units in series with the 

outer two coils, the phase angle characteristics of the 

electromagnets are such that the torque of the element 

is proportional to: 

where fJ is the angle between the two delta voltages 

and is normally 60° . 

If any one of the three delta voltages completely 

collapses dW'ing a fault , there is no torque on the 

electromagnet, since the collapse of the third voltage 
makes the sine of the angle between the voltages 

zero. If all three voltages decrease uniformly, the 

torque varies as the square of their magnitude . Each 

electromagnet is connected to a different combination 

of delta voltages so that a uniform restraint torque and 

balanced burdens are obtained. 

Restraint can be removed by opening any one sup­

ply lead to the restraint element . This applies single 

phase to all three electromagnets and the sine of the 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES H-3 AND HV-3 RELAYS _______________________ _ 

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

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 adjust­
ments at regular maintenance periods , the instructions 
below should be followed. 

All contacts should be cleaned periodically. A 
contact burnisher S#1 82A836H01 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 . 

Adjust the lower bearing so that both the top and 
bottom of the loops are equi-distant from their re­
spective magnetic circuits . Energize the potential 
etrcuits of the relay until the loops reach operating 
temperature . About ten minutes at nocmal voltage is 
necessary to reach this condition. When the operating 
temperature is reached, adjust the upper bearing for 
1 /64 inch clearance . 

The loops of each element must be in line with 
the center of the middle leg of the magnetic circuit. 
If necessary, this adjustment can be obtained by loos­
ening the electromagnet mounting screws and moving 
the whole electromagnet in the desired direction. All 
three elements must have the same relative position 
of loop and magnetic circuit. 

Type H-3 R e lay 

The polarity of the relay is checked as follows :  
Refer t o  figure 2 and apply 1 1 5  bolts and 5 amperes 
(in phase) to the corresponding voltage and current 
coils in turn, with the terminals marked with polarity 
marks connected together. Looking at the top of the 
relay, the moving element should rotate in a counter­
clockwise direction. 

Adjust the back-up strip located in front of each 
moving contact by bending so that it just touches the 
c ontact spring when the contacts are open. Adjust 
the small cylinder behind the moving contact to obtain 
• 009 inch contact follow. This is done by advancing 
the cylinder until it just touches the rear of the mov­
ing contact spring, and then backing off 1 /2 turn. 

45 ° Characteristic Relay Adjustments 

Remove spring restraint by adjusting the SIJ'ing 

6 

adjuster. Apply s ingle-phase current of 50 amperes 
with polarities as shown on internal schematic diagram 
to the current coils which should be connected in 
series. Each potential coil should be short-circuited .  
When energized the relay moving element will center 
itself due to the combined torques produced by the 50 
amperes of current and the spring restraint. Readjust 
the spring adjuster until the centering position of the 
moving element is exactly the same for the condition 
of zero current or with 50 amperes in the current coils . 
Under this condition the torque produced by the spring 
at the centering position is zero and does not tend to 
• offset• or shift the centering position due to the 
current. This final centering position will be called 
the neutral position. With the moving element in the 
neutral position adjust each stationary contact for 
.015 inch contact spacing and lock in this position for 
60 and 50 cycle relays and .035 inch for 25 cycle 
relays . 

There are two adjustable stop screws located on 
the frame casting. These stops ate used when the re­
lay is supplied with two circuit closing contacts and 
perform the same function as the stops on the moving 
contact assembly. 

Watt Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 
adjuster. Apply single-phase potential of 67 volts 
with polarities as shown on internal schematic diagram 
to the potential coils which should be connected in 
parallel. Eacb current coil should be open-circuited. 
When the potential circuits are deenergized the moving 
element will tend to be centered by the spring. When 
the potential circuits are energized the moving ele­
ment may move either to the right oc to the left. If 
under this condition the moving element moves the 
conttl.cts to the right, the spring should be readjusted 
to move the deenergized spring centering position of 
the moving element to the left. If under this con­
dition the moving element moves the contacts to the 
left, the spring should be readjusted to move the de­
energized spring centering position of the moving ele­
ment to the right. Continue to shift the centering 
position of the spring until a small movement of the 
spring adjuster will cause the moving element to move 
in one direction when the potential is applied and a 
small movement in the other direction will cause the 
moving element to move in the opposite direction • 

This final centering position will be called the neutral 
position. With the moving element in the neutral posi­
tion adjust each stationary contact for .015 inch con­
tact spacing and loc k in this position for 60 and 50 
cycle relays and .035 inch for 25 cycle relays . www . 
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TYPES H-3 AND HV-3 R ELAYS _____________________ .......!I :!::.L::..:. 4:.!1�-2!.!:26!:!..2 

Type HV-3 R e l a y  

The tests outlined for the type H-3 45° character­
istic relay also apply to the HV-3 relay when the 
voltage restraint circuit is not connected. To rmke a 
complete check on the type HV-3 relay with all cir· 
cuits connected, involves three-phase test source ,  
phase shifter , potentiometers , and non-inductive re­
sistors for controlling the voltage and current to the 
re lay respectively. This test will permit checking of 
all the characteristics of the re lay at the proper phase 
angle . This test procedure however is usually too 
complicated for routine field testing. The complete 
test may be simplified for field testing by the follow­
ing modifications . Apply three phase restraining 
voltage to the restraining element and single phase 
to all three phases of the directional element. For 
the latter element the potential coils are all c on­
nected in parallel and the current coils are connected 
in series . With !:!- non-inductive load, the relay will be 
operating about 45 ° away from its maximum torque 
position and conseque ntlY current values to trip a 
given voltage will be increased by about 30%. Since 
the combination of three-phase restraining tcrque and 

single-phase operating torques on all three e lements 
produces some unbalanced torque in the moving ele­
ment, it is recommended that tests be made at a re­
duced voltage (65 volts or less). With 65 volts ap­
plied to voltage restraint elements , about 8 amperes 
is required at unity power factor to make the relay 
operate . 

To check the circuits thru the voltage restraint 
element, the relay should be energized at normal 
voltage for about 10 minutes . The potential circuit of 
the directional element should then be opened. Then 
open the phase A potential to the voltage restraint 
unit and observe the torque produced on the moving 
element, if any. Replace A lead and remove the B 
lead and again observe the torque . Repeat for the C 
lead and in all cases there should be no torque or a 
very slight torque present. Any defects in the coils 
oc capacitors of the voltage restraint circuits will be 
made apparent by the presence of excessive torque 
during this test. 

Contactor Switch 

Adjust the stationary core of the switch for a clear­
ance between the stationary core and the moving core 
when the switch is picked up. This can be most con­
veniently 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 mov­
ing 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 resid· 
ual magnetism .  Adjust the contact clearance fer 3/32 
inch by means of the two small nuts on either side of 
the Micarta disc. The switch should pick up at 1 am­
pere d-e . Test for sticking after 30 amperes d-e have 
been JBSSed thru the coil. The coil resistance is 
approximately 1 .0  ohm. 

O p eration Indi cator 

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. 

Indi cating Contactor Sw itch (IC S) - (HV-3 on ly) 

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. 

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 
furnished to the customers who are equipped for doing 
reJBir work. When ordering parts, always give the 
complete nameplate data. 

E N E R G Y  R E Q U I R E M E M E N T S  

The burdens and constants of the relays are as 
follows per phase: 
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TYPES H-3 AND HV·3 RELAYS _______________________ _ 

Resistance (ohms) 
Reactance (ohms) 
Impedance (ohms) 

Watts 
Vars 
Voltamperes 
Power Factor 

T Y P E S  H-3, H V-3, .C5 ° C HA R A C T E R ISTIC R E LA Y  

VA L U ES AT 1 20 V O L TS, 5 AMP E R E S, 6 0  CYC LE S  

T ype H-3 

C urrent V ol tage Current 

C i rcu it  C i rcu i t  C l rcu l t  

0.045 3040 0.045 
0.045 1320 0.045 
0.064 3310 0.064 

1 .13 4.0 1 . 13 
1 .13 1.73 1 . 13 
1 .6 4.35 1 .6  
45° lag 23.5 ° lag 45 ° lag 

Continuous Rating (Amperes or Volts) 5 115 5 
One Second Current (Amps.) 230 . . . 230 

VA L U ES AT 1 20 VOL T S, 5 AMP E R ES, 50 C Y C L E S  

T ype H-3 

C urrent Voltage C urrent 

Circuit  C I rcu lt  C i rcu it 

Resistance (ohms) 0.0488 2560 0.0488 
Reactance (ohms) 0.0349 975 0.0349 
Impedance (ohms ) 0.060 2740 0.060 

Watts 1 . 22 4.89 1.22 
Vars .87 1 .86 .87 
Voltamperes 1 .5 5.23 1.5 
Power Factor 33.5 ° lag 20.8° lag 33.5 ° lag 

Continuous Rating (Amperes or Volts) 5 115 5 

One Second Current (Amps.) 230 . . .  230 

8 

Type HV-3 

Voltage 

C i rcuit  R estra i n t  

(D i rectional) C ircuit  

3040 1760 
1320 2040 
3310 2700 

4.0 3 .48 
1 .73 4 .02 
4.35 5.31 
23.5 ° lag 49° lag 

115 1 15 
. . . . . .  

Type HV-3 

Vo ltage 

C ircu it  Restrai n t  

(D lrectlon a l) C i rcuit  

2560 2720 
975 1570 

2740 3140 

4.89 3.44 
1 . 86 2.00 
5.23 3 .98 
20.8 ° lag 30. 1 °  lag 

115  1 15 

. . .  . . .  
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TYPES H·3 AND HV·3 RELAYS ----------------------�I.L:;.;c·...:."l�-2==2�6 

T Y P E H-3, WATT C H A R AC T E R IS T IC R E L A Y  

VAL U ES AT 1 20 V O L T S, 5 AMP E R E S, 60 CYC L E S  

T ype H-3 

Resistance (ohms) 

Reactance (ohms) 

Impedance (ohms 

Watts 
Vars 
Voltamperes 
Power Facta-

Continuous Rating (Amperes oc Volts) 
One Second Current (Amps.) 

Current 

C i rcu i t  

.028 

.0192 

.034 

.70 

.48 

.85 
34.5° lag 

5 
230 

T Y P E S  H-3, HV-3, 45 ° C HA RA C T E R IST IC R E LA Y  

VAL U E S  AT 1 20 V O L TS, 5 AMPE R E S, 25 CY C L E S 

Type H-3 Type HV-3 

Voltage 

Current Voltage Current C i rcuit  

C i rcuit C i rcuit  C i rcu it  (Directional) 

Resistance (ohms) .0380 3830 .0380 3830 
Reactance (ohms) .0192 3200 .0192 3200 
Impedance (ohms) .0420 5000 .0420 5000 

Watts .94 2.20 .94 2.20 
Voltamperes 1 .05 2.88 1 .05 2.88 
Power Facta- 26° lag 40° lag 26° lag 40° lag 

Continuous Rating 5 115  5 1 15 
One Second Rating 230 . . . 230 . . .  

Voltage 

C i rc u i t  

2740 

14.0 
3100 

4 .09 
2.14 
4.62 
2'7.8° lag 

115 

Restra int  

3980 
990 
4100 

3.39 
3.50 
14 ° lag 

115 
. . .  
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TYPES H-3 AND HV-3 R ELAYS _______________________ _ 
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TYPES H-3 AND HV-3 RELAYS 
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I . L. 4l -226.2A 

I NSTAL LATION • OPERATION • MAI NTENANCE 

INST R UCTIO N S  
TYPES H-3 AND HV-3 THREE PHASE 

DIRECTIONAL RELAYS 

C A U T I ON Before putting relays into service , remove 
all blocking which may have been inserted foc the pur­
pose of securing the parts during shipment. Make 
sure that all moving parts operate freely and inspect 
the contacts to see that they are clean and close 
properly. Operate the relay to check the settings and 
electrical connections. 

A P P L I C A T I O N  

The types H-3 and HV-3 relays are polyphase 
direction relays which are used to obtain high speed 
directional discrimination during faults on power sys­
tems . The type HV.-3 relay has a voltage restraint 
element which introduces a restraining torque on the 
relay proportional to the area of the voltage triangle . 
Thus , at normal voltage , sufficient torque is produced 
to prevent operation of the relay on normal load cur­
rent flow. Any fault on the system reduces the area 
of the voltage triangle , and c onsequently the amount 
of restraint. At the same time the current in the relay 
increases and the relay operates if the fault is in the 
contact closing direction. Since the voltage triangle 

does not collapse as much on ground faults as it does 
on phase faults , it is desirable to remove voltage re­
straint on ground faults . This may easily be done by 
an instantaneous overcurrent ground relay (type SC) 
with its back contacts connected to open any one of 
the leads to the voltage restraint element. 

The direction of power flow for both phase and 
ground faults can be detected with these relays . To 
obtain correct operation during ground faults, it is 
necessary that the minimum current in the faulted 
conductor be at least twice the maximum load current 
flow (with no voltage restraint on the relay) so that 
if the fault current and load currents are in opposi­

tion, the former will always predominate and give a 

net torque on the relay in the correct direction. Stated 

another way, t.he minimum line-to-ground current must 

be at least three times the maximum load current for 
correct ground fault protection. Low ground current 

occurs most frequently on impedance grounded sys­

tems. Where positive directional indication cannot be 
obtained under all system conditions , it is recom-

SUPERSEDES I .  L. 41 -226.2 

*Denotes change from superseded i ssue.  

mended that a separate ground directional relay be 
used. 

Both the type H-3 and the type HV -3 relays can be 
furnished with either a watt characteristic or a 45 ° 
characteristic . 

C O N S T R U C T I O N  A N D  O P E R AT I O N 

The type H-3 relay consists of a polyphase direc­

tional unit, two contactor switches ,  and two opera­
tion indicators. The type HV-3 relay consists of a 
polyphase directional unit, a voltage restraint unit, 
and two indicating contactor switches.  

P olyphase D i rectional U n i t  

This unit consists of three electromagnets, and a 
vertical shaft with three movable loops , arranged as 
shown in figure 1 .  Each loop has its outer side lo­
cated in an air gap within the electromagnet. Each 
electromagnet has a three-legged magnetic circuit 
wound with three coils. The coils on the two outer 
legs are the voltage windings. Voltage applied to 
these coils induces a large current in the loop by 
transformer action. Current flowing thru the current 
coil on the center leg of the electromagnet produces 
an air gap flux which interacts with the loop current 
flux in the outer side of the loop and causes rotation 
of the shaft in the direction corresponding to the 
direction of flow of the alternating current power. 

One loop and its associated electromagnet make 
up one phase of the three-phase relay. With the 45 ° 
characteristic relay a delta voltage and a star current 
are applied to each e lectromagnet, and proper phase 

angle characteristics are obtained as follows . The 
loop, which is considered as the secondary load of a 

transfocmer, has a much higher resistance than re­
actance, and the loop current lags the voltage applied 

to the electromagnet by an angle of 10 to 15 degrees. 
The air gap flux lags the applied current by about 55 
to 60 degrees because of the lag loops around the 
centerpole of the electromagnet. Thus maximum torque 
occurs when the relay current leads the relay voltage 

by 45 degrees. 
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TYPES H� AND HV� RELAYS ________________________________________________ _ 

3.0 .05 

20 

5Amp3. 
15 Ampa. 

JO Amp3. 
50 Amp3. 

4Q 60 110 3 � D'lbl Voltflf' 
/03 IZO 

Curve 252133 

Fig. 6 - Typic.# Time - Current Curves ol 50  and 60 Cycle 
H-3 Relay for Three Phase Faults at Maximum 
Torque Angle. 

angle becomes zero. At normal voltages 10 amperes 

is required in each element at maximum torque to 

overcome the restraint torque . 

Contactor Switches 

The d-e contactor switch in the relay is a small 
solenoid type switch. A cylindrical plunger with a 

silver disc mounted on its lower end moves in the core 
of the solenoid. As the plunger travels upward, the 

disc bridges three silver stationary contacts .  The 
coil is 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 con­

tacts, thereby relieving them of the duty of c:,arrying 

tripping current. These contacts remain closed until 

the trip circuit is opened by the auxiliary switch on 

the treaker. 

O peration I n d i cator 

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 completion of 

the trip circuit. The indicator is reset from outside 

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

4 

�..:li ..0 � .., 
"' :; �ZA .,n . 
� � .... <:: 

� 'ti � a " .. 'i! � /.2 �.0 

� � 
.a 
�0.6 .0 

� 
zo 

15 Amp3. 
JOAmp3. 
50 Amps. 

ofO 60 80 3 '  Applied Delta Votttlgt 
tOO 120 

Fig. 7 - Typical Time - Curre.t Cur,.• of 50 and 60 Cycle 
HV -3 Relay for Three Phase Faults at M-l•u• 
Torque Angle. 

Indi cating C ontactor Swi tch U n i t  (ICS) - (HV-3 only) 
The d-e indicating contactor switch is a small 

clapper type device.  A magnetic armature ,  to which 

leaf-spring mounted contacts are attached, is attracted 
to the magnetic core upon energization of the switch. 

When the switch closes, the moving contacts bridge 
two stationary c ontacts , completing the trip circuit . 
Also during this operation two fingers on the armature 

deflect a spring located on the front of the switch, 

wflich allows the operation indicator target to drop. 
The target is reset from the outside of the case by a 
push rod located at the bottom of the cover. 

The front spring, in addition to holding the target, 

provides restraint for the armature and thus controls 

the pickup value of the switch. 

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

The types H-3 relays are provi.ded with indepen­

dent make and break contacts . Two auxiliary con­

tact or switches - one in each contact circuit - JrO· 
vide seal-in circuits for the main relay contact. The 

main contacts will close 30 amperes at 250 volts d-e 

and the auxiliary contactors will safely carry this cur· 

rent until the breaker is tripped and the auxiliary • a "  

switch opens . The contactor switch bas a minimum www . 
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TYPES H·3 AMD HV·3 REUYS _______________________ ,_. L_. _41_- 22_6.-2.A 

Typ1 HV-3 with no voltogt rtstroint 

Typl H-3 

60 

Fig. 8 - Typical Time - Current Curves for 50 ancl 60 Cycle 
H-3 ancl HV-3 Relays, Without Voltage Restraint 
lor Phase to Phose Faults at Maximum Torque 
Angle - Full Voltage Collapse on Foultecl Phase, 
86" Voltage on Unlaultecl Phose. 

pick-up of one ampere d-e and a coil resistance of one 

ohm. 

TYpical 50 and 60 cycle phase angle character­

istics of the 45 ct characteristic relay are shown in 

figure 4 .  Maximum torque , in the contact closing 

direction, occurs when the line current lags the line­

to-neutral voltage by approximately 45 degrees, when 

using the 90 ° connection. 

Typical 50 and 60 cycle sensitivity cmves at maxi­

mum torque are shown in figure 5 .  The sensitivity of 

the type HV-3 re lay without voltage restraint is the 

same as the type H-3 relay. The 60 cycle three phase 

minimum pick-up without spring restraint of the type 

H-3 relay is 0.08 amperes at 115 volts , 0.15 ampere at 

10 volts , and 5 .0 amperes at 1 volt. The single phase 

minimum pick-up currents are approximately three 

times those for three phase .  It will be noted from the 

curves that the sensitivity of the type HV-3 relay with 

voltage restraint is decreased only at voltages above 

2 volts. The curves also show that 10 amperes 60 
cycles are required at 115 volts to overcome voltage 

restraint. 

TYpical time curves are shown in figures 6 to 9. 

All curves are for a contact spacing of .035 inch and 

at maximum torque for 60 ami 50 cycle relays and .070 

inch for 25 cycle relays. 

Trip C i rcuit  ( HV-3 OJI Iy) 

The main contacts will safely close 30 amperes at 

250 volts d-e and the seal-in contacts of the indicat­

iug contactor switch will safely carry this current long 

0 

Fig. 9 - Typical Time - Current Curves for 50 oncl 60 Cycle 
Type HV-3 Relay "ltllout Voltage Restraint for 
Three Phase Faults at Maximum Torque. 

enough to trip a circuit breaker. 

The indicating contactor switch has two taps that 

provide a 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  C i rcu it  C onsta n t  (H V-3 only) 

Indicating Contactor Switch (ICS) 

0.2 ampere tap 6.5 ohms d-e resistance 

2.0 ampere tap 0.15 ohms d-e resistance 

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

The relays should be mounted on switchbOW'd 

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 mounting. 

Either a mounting stud or the mounting screws may be 

utilized for grounding the relay. The electrical c on­

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. 
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TYPES H·3 AND HV-3 RELAYS _______________________ _ 

For detailed FT case information refer to I.L. 

41-o76. 

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

The .(roper 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 adjust­
ments at regular maintenance periods , the instructions 
below should be followed. 

All contacts should be cleaned periodically. A 
contact burnisher S#1 82A836H01 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. 

Adjust the lower bearing so that both the top and 
bottom of the loops are equi-distant from their re­
spective magnetic circuits . Energize the potential 
circuits of the relay until the loops reach operating 
temperature . About ten minutes at normal voltage is 
necessary to reach this condition. When the operating 
temperature is reached, adjust the upper bearing for 
1/64 inch clearance. 

The loops of each element must be in line with 
the center of the middle leg of the magnetic circuit. 
If necessary, this adjustment can be obtained by loos­
ening the electromagnet mounting screws and moving 
the whole electromagnet in the desired direction. All 
three elements must have the same relative position 
of loop and magnetic circuit . 

Type H-3 R e lay 

The polarity of the relay is checked as follows: 
Refer to figure 2 and apply 115 bolts and 5 amperes 
(in phase) to the caresponding voltage and current 
coils in turn, with the terminals marked with polarity 
marks connected together. Looking at the top of the 
relay, the moving element should rotate in a counter­
clockwise direction. 

Adjust the back-up strip located in front of each 
moving contact by bending so that it just touches the 
contact SIX'ing when the contacts are open. Adjust 
the small cylinder behind the moving contact to obtain 
. 009 inch contact follow . This is done by advancing 
the cylinder until it just touches the rear of the mov­
ing contact spring, and then backing off 1/2 turn. 

45 ° Characteristic Relay Adjustments 

Remove spring restraint by adjusting the Siring 

6 

adjuster. Apply s ingle-phase current of 50 amperes 
with polarities as shown on internal schematic diagram 
to the current coils which should be c onnected in 
series. Each potential coil should be short-circuited . 
When energized the relay moving element will center 
itself due to the c·:>mbined torques produced by the 50 
amperes of current and the spring restraint. Readjust 
the spring adjuster until the centering position of the 
moving element is exactly the same for the condition 
of zero current or with 50 amperes in the current coils . 
Under this condition the torque produced by the spring 
at the centering position is zero and does not tend to 
" offset• or shift the centering position due to the 
current. This final centering position will be called 
the neutral position. With the moving element in the 
neutral position adjust each stationary contact for 
.015 inch contact spacing and lock in this position for 
60 and 50 cycle relays and .035 inch for 25 cycle 
relays . 

There are two adjustable stop screws located on 
the frame casting. These stops ate used when the re­
lay is supplied with two circuit closing contacts and 
perform the same function as the stops on the moving 
contact assembly. 

Watt Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 
adjuster. Apply single-phase potential of 67 volts 
with polarities as shown on internal schematic diagram 
to the potential coils which should be connected in 
parallel. Each current coil should be open-circuited.  
When the potential circuits are de energized the moving 
element will tend to be centered by the spring. When 
the potential circuits are energized the moving ele­
ment may move either to the right or to the left . If 
under this condition the moving eleme nt moves the 
contllcts to the right, the spring should be readjusted 
to move the deenergized spring centering position of 
the moving element to the left. If under this con­
dition the moving element moves the contacts to the 
left, the spring should be readjusted to move the de­
energized spring centering position of the moving ele­
ment to the right. Continue to shift the centering 
position of the spring until a small movement of the 
spring adjuster will cause the moving element to move 
in one direction when the potential is applied and a 
small movement in the other direction will cause! the 
moving element to move in the opposite direction . 
This final centering position will be called the neutral 
position. With the moving element in the neutral posi­
tion adjust each station!l,ry contact for .015 inch con­
tact spacing and lock in this position for 60 and 50 
cycle relays and .035 inch for 25 cycle relays . 
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TYPES H-3 AND HV-3 RELAYS _______________________ • ·_L ._4_1 ·_22_6._2_A 

Type HV·3 R e l a y  

The tests outlined for the type H-3 45°  character­
istic relay also apply to the HV-3 relay when the 
voltage restraint circuit is not connected. To �mke a 
complete check on the type HV-3 relay with all cir­
cuits connected, involves three-phase test source , 
phase shifter , potentiometers , and non-inductive re­
sistors for controlling the voltage and current to the 
relay respectively. This test will permit checking of 
all the characteristics of the relay at the proper phase 
angle . This test procedure however is usually too 
complicated for routine field testing. The complete 
test may be simplified for field testing by the follow­
ing modifications . Apply three phase restraining 
voltage to the restraining element and single phase 
to all three phases of the directional element. For 
the latter element the potential coils are all con­
nected in parallel and the current coils are connected 
in series . With a non-inductive load, the relay will be 
operating about 45 ° away from its �mximum torque 
position and consequently current values to trip a 
given voltage will be increased by about 30%. Since 
the combination of three-phase restraining torque and 

single-phase operating torques on all three elements 
produces some unbalanced torque in the moving ele­
ment, it is recommended that tests be Im.de at a re­
duced voltage (65 volts or less). With 65 volts ap­
plied to voltage restraint elements , about 8 amperes 
is required at unity power factor to make the relay 
operate . 

To check the circuits thru the voltage restraint 
element, the relay should be energized at normal 
voltage for about 10 minutes . The potential circuit of 
the directional element should then be opened. Then 
open the phase A potential to the voltage restraint 
unit and observe the torque produced on the moving 
element, if any. Replace A lead and remove the B 
lead and again observe the torque . Repeat for the C 
lead and in all cases there should be no torque or a 
very slight torque present. Any defects in the coils 
or capacitors of the voltage restraint circuits will be 
made apparent by the presence of excessive torque 
during this test. 

Cantactor Sw itch 

Adjust the stationary core of the switch for a clear­
ance between the stationary core and the moving core 
when the switch is picked up. This can be most con­
venientlY 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 mov­
ing 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 resid­
ual 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 1 am­
pere d-e . Test for sticking after 3 0  amperes d-e have 
been J;Bssed thru the coil. The coil resistance is 
approximatelY 1 . 0  ohm. 

O p eration Indi cator 

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. 

Ind icating Contactor Sw itch (ICS) - (HV-3 on ly) 

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. 

R E N E W A L  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. 

E N E R GY R E Q U I R E ME M E N T S  

The burdens and constants of the relays are as 

follows per phase : 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES H-3 AND HV·3 R ELAYS'------------------------

* 
T Y P E S  H-3, HV-3, 45 ° C H A R AC T E R IS T IC R E LA Y  

VA L U E S  AT 120 V O L TS,  5 A M P E RE S, 60 C Y C LE S  

Resistance (ohms ) 
Reactance (ohms ) 

Impedance (ohms) 

Watts 
Vars 

Voltamperes 

Power Factor 

Continuous Rating (Amperes or Volts ) 
One Second Current (Amps . )  

T y pe H-3 

C u rrent 

C i rc u i t  

0. 050 
0.052 

0.072 

1. 25 
1 . 29 

1 . 82 
46° lag 

5 
230 

V o l tage 

C i rc u i t  

2070 
1530 

2580 

4.59 
3 . 40 

5 . 7 1  
36. 5° lag 

1 20 
. . . 

C urrent 

C i rcu i t  

0 . 050 
0 .052 

0 . 072 

1 . 25 
1 . 29 
1 . 8 2  

46° lag 

5 
230 

* VA L U ES AT 1 20 V O L TS, 5 A M P E R E S, 50 C Y C L E S  

Res istance (ohms ) 
Reactance (ohms) 
Impedance (ohms ) 

Watts 
Vars 
Voltamperes 
Power Factor 

Continuous Rating (Amperes or Volts ) 

One Second Current (Amps .) 

8 

Type H-3 

C urrent 

C i r c u i t  

0 . 0488 
0 .0349 

0 . 060 

1 .22 
.87 

1 . 5  
3 3 .5 ° lag 

5 

230 

Vo l tage 

C i rc u i t  

2560 
975 

2740 

4 .89 
1 . 86 
5.23 
20.8 ° lag 

1 20 

. . . 

C urrent 

C i rcu i t  

0 . 0488 
0.0349 
0. 060 

1 . 22 
.87 

1 . 5  
33.5 ° lag 

5 

230 

T y p e  HV-3 

V o l tage 

C i r c u i t  

( D i rect iona l )  

2070 
1530 
2580 

4 . 59 

3 . 40 
5 . 7 1  

36.5° lag 

1 20 

. . . 

Type HV-3 

Vo ltage 

C i r c u i t  

( D i rect ion a l )  

2560 
975 
2740 

4 . 89 
1 .86 
5 . 23 
20.8 ° lag 

1 20 
. . . 

R e stra i nt 

C i r c u i t  

500 
6 10 

790 

3 . 84 
4 . 75 
6. 1 
5 1° lag 

120 
. . .  

R estra i n t  

C i r c u i t  

2720 
1570 

3 1 40 

3 . 44 
2 .00 
3 . 98 
3 0. 1 ° lag 

1 20 
. . .  
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* 
T Y P E H-3, WATT C HA R A C T£ R I S T I C  R E LA Y  

V A L U ES A T  126 V O L T S ,  5 A M P E R E S, 6 0  C Y C L E S  

T y pe H-3 

Resistance (ohms) 
Reactance (ohms) 
Impedance (ohms 

Watts 
Vars 
Voltamperes 
Power Factor 

Continuous Rating (Amperes oc Volts ) 
One Second Current (Amps .)  

C u rrent 

C i r c u i t  

. 028 

. 0 1 92 

. 034 

.70 

.48 

. 85 

34 . 5 °  lag 

5 

23 0 

* 
T Y P E S  H-3, HV-3,  45 ° C HA R A C T E R IS T I C  R E L A Y  

V A L U E S  A T  1 20 V O L TS, 5 A M P E R E S ,  2 5  C Y C L E S  

Resistance (ohms) 
Reactance (ohms) 
Impedance (ohms) 

Watts 
Voltamperes 
Power Factor 

Continuous Rating 
One Second Rating 

Type H-3 

C urrent 

C i rcu i t  

. 03 80 

.01 92 

.0420 

.94 
1 . 05 
2 6 °  lag 

5 
230 

Vo ltage 

C i rcu i t  

3830 
3 200 
5000 

2 . 20 
2 . 88 
4 0 °  

1 20 
. . . 

lag 

-

Type HV-3 

V o ltage 

C urrent C i r c u i t  

C i rcu i t  ( D i rect iona l )  

.0380 3830 

. 0 1 92 3200 

.0420 5 000 

. 94 2 .20 
1 . 05 2.88 
26 ° lag 4 0 °  lag 

5 1 20 
23 0 . . .  

V o ltage 

C i rc u i t  

2740 

1440 

3 1 00 

4 : 09 
2 . 1 4  

4 .62 
2 7 . 8 °  lag 

1 20 

R e stra int  

3 980 
990 

4 1 00 

3 . 3 9  
3 .50 
14 0 

120 
. . .  

lag 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



J-.1 .,.. 0 � 
-
C) 
I 

l"'l fll 0 � 
::1 • ::1 .. � il :: -0 "" � n  ::r-" 3 

Q ::!. n 
0' .. 
"1:1 
::r-
Q 
Ill 
• 

.,.. 
Q 
c: :;-
"1:1 
Q .. !!.. !: 
r-
:;· " 
"1:1 .. 0 ... I'D n ... 
c;· 
::1 

I 
:;c w 
Q 
::1 

· a.. 
.... ::r-.. 
• 
ID 

c: ::1 ... "" 
I") 
:;· 
.,.. .... w ..... 
I") 
Q 
Ill 
ID 

� 
C) 

0 

STATION AUS PHA:if ROTATION I ,  2 ,  .1 --.------.----------------�------------�---------.----- 1 --��---+-----.----------�------�---------------+-.--- ? ' :'\ 

z 
0 
i= u IU 
1:!: 
0 
� 
� 0.. 
0.. 
a: 

r; 1 1- '1 r ""'  
• 

�� r �·� - -- -1t -�.J- - - � -- !•�t ·'Jo.,.J.J'" - ...._"\J....A..T _ L· � �· ,t 

:-� ""1-- +� �:f�...:.l- �:1· e:. "1 F -, I 1 ' � i f-:1::1 1- t :�======��E;��======�======��;t�::�::::::::::V I V2 V3 
67 ih -{� 
67 2+ -<.r--t<c 
67 6+ 
-�---,.. 

� 13 
67 3 
67 
7 

'-I 

1 ' 1 1/\SE 

2 

3 

�­
u 
r u uJ a: 
I )  

JJ .Tl l--=4�J ! 1M 
w 

: 2 3 
L I N E  I 

I VECTOR 
\ROTAT I ON 

� §..! � � 
J

P H A S E  �-��� � 67 67 50 50 

��� 67 67 50 50 ��� 

v i 2 
� PHASE 1 H-3 

1 1 -- f ELEMENT 

.1. ) V2 3 
12 

V32 

2 

3 

VECTORS AT 100� P . F. POWER 
IN TR I P P I NG D I RECT ION 

)'t 
I 2 3 

L I N E  II 

TRI I  CIRCUIT� 
BKR. ll BKR. J f'OS.-...::�:::: ..... - POS.-.... _.,__,.... 

BKR. 
I 

50 
Tl 

50 A 50 
iii Y T4  

fo 
I;>(, 

50 
iT 

BKR. 
n 

50 ), 50 
n Y TI'> 

50 
I JP CS2 

� 10
� 

1 1 1  

5 2 a - I  

NEG . _.._ ___ _ N E G  .. -._ ___ _ 

DEV I CE HUMBER CHART 
50 - I NSTANTANEOUS OVERCURRENT �ELAY , TYPE SC, THREE UN I T  
6 7  - POLYPHASE D I RECT I ONAL RELAY, TYPE H-3 ��� 1 AUX I L I ARY  CONTACTOR SW I TCH 
9� - AUX I L I AR Y  TR I PP I NG R ELAY,  TYPE SG 
52 - POWER C I RCU I T  BREAKER 

a - BREAKER AUX I L I ARY CONTACT 
TC - BREAKER TR I P  CO I L  

� 
-< ., 
m "' 
:::1: 
w 

,... 
z 
c 

:::1: 
< 
w 

:10 
m 
r­
,.. -< "' 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



'11 
ii" 

-.. 1'11 :! �e  o ;  
,.., .. 
0 � :I -:I "' • n 9: r  g I -:- .. 

" 
� .. 
;t 
� 
-t 
0 .. .Q 
i 
I") 
0 
:I .. .. � l z 0 
-t 1-
:r- u .. ILl 
• 0:: 
• 0 
I") (.!) 0 z 
;Ia Q_ • Q_ 
ii 0:: 
"< 1-"' j :; 
'11 -t --
I") Q "' • 
�· 
� � :r-
1:: a 0.. 
;-
'11 s 1\) 

0:> 
I") � Q • 0 ...... • -...;] 

...... -...;] 

STAT I O N  R tJ <;  P H A S E  R OTAT I O N  I ,  2 ,  3 

J T , I 1 1 l �rl f'l � 

I 2 3 

e� t- ;  e1,. • 1, L ·� - _r  -�-�:_ f"  · · � -.� 11' 
�·-fYY'"\.. - L -f�-�---· ���-=· �1: . 

f �  � �  f- ; , I  

• i ! 1 ·:' I l T �k 
• � ' � V 3 

6 7  2+ 
6 7  
6+ 

67 
7 

5 1 - 1  §I 67 §I 

PHASE 

2 

3 

15+ 1 4  
51 r--'-*-<5C>I--6-<7>-X+� 6 7 X } p H A S E  
5 5 1 - 1 6 18 67X 19 I �� 

51 -2  � §I 67 §! � 5 1  5 1  2 51  67X 67X 

�

7

HJ; 
� 5 1 - 3  � � 67 Ell ��� 
51 

51 
·
3 51 67X . 67X 

�

7

H!J 

v1 2 

} ' 
} ' 

H-3 I vECTOR \OTAT I ON 

- PHASE 1 Il______-�� ELEMENT 

l. > v23 NOTE: 
12 

VM 
VECTORS AT 100% P . F .  POWER 

I N  TR I PP I N G  D I R ECT I ON 

NOM I NAL VOLTAGE OF 
67X RELAY SHOULD 
BE APPR OX I MATELY 
1/2 CONTROL VOLTAGE 
RE EQUAL TO 67X 

CO l L R ES I STANCE 

POS. 
D. C .  T R I P  B U S  

67 
10 

67X 
i o · 

� 10 
� _. H3 C S I  -

___ _.J 

67 
2 0  

5 1  
I 

5 1 -2 5 1 - 3  

N EG.�-�------------------�--------------

DEV I C E  NUMBER CHART 

51 - OYERCURRENT RELAY,  TYPE CO 

67 -

67X -
S2 -

ICS - I ND I CAT I NG CONTACTOR SW I TCH 
POLYPHASE D I R ECT I ONA L R ELAY ,  TYPE H-3 ��i}AUX I L I ARY COHTACTOR SW I TCH 

AUX I L i ARY  RELAY, TYPE MG-6 
POWER C I RCU I T  BREAKER 

a - BREAKER AUX I L I AR Y  CONTACT 
TC - BREAKER TR I P  CO I L  

-4 -< -a m Cll 
:::c • c.> 
,.. 
:z: 
c 

:::c 
< 

• w 
;110 
m 
r 
,.. 
-< Cll 

::-
: 
..... -
N "" !" 
"" 
� 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



...... 

1.\) 

.,.. � 
... 
...., 
I 
111 )C i :; !!.. 
"' 
n 
:r­
ot 3 a 
" 
i' 
:X: '< 
� 
� 
• 
Q "< 
-.. '0 0 0 
I") 
0 
:a i 
n .. 

! 

1\) 

� 0 � ()) 

z 
0 

1-
u 
1&.1 
a: 

0 

STAT I O N  B U S  

5 2  

lfl 
I 2 3 
L INE 

P H A S E  ROTAT I O N  I ,  2 , :3 

PHASE 

I 

2 

:3 

P H A S E  
I 

2 

3 

,., L-,.:t 
L. 'i! 

' ,  
v...A.r _J L - - - :1 >f" 

r • .fYY\_ � -
- - -

' I  •'� L r•.rrYL �--� -:, 1 •  
� J 

,:',- - - � _r!fl!_rrvc_ ' 
. .. 

�·= - - -. i; : .  

R E ST R A I N T  C IRCU I TS 

I " r � T A n  

v ,\c_1��,) H 

I N  TR I PP I N G D I R E C f i ON 

I 
2 
:3 

V I  
V2 
V3 

D. C. C I R C U I T S  

�� 1 0  
� 67 

20 

...l.. HV:3 ...L J. v ::.  l "__ 1 iHV�J.�::. 
67 r I I I 1 " -v ) 

TO 
OTH E R  

R E L A Y S  

DEV I C E  NUMUER CHART 

67 - PO LYPHASE D I RECT I ONAL 
R E LAY , T YPE H�-3 

lCS - I N D I CAT I NG 
CONTACTOR SWI TCH 

52 - POWER C I RCU I T  BREAKER 

.... 
-< ., 
m 
.,. 

::1: I,., 
,... z: c 
::1: 
< • w I ;g 
m 
r-
,... 
-< 
.,. I I 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



, 
�· 

-w 
I 
I'll )C .. .. .. 
:s 
!!.. 
""' ., :s-.. ii Q .. 
ii 
0' .. 
f 
::0 .. 
Q "< 
� Q :; 
0 
0 
:s 
:s .. ., .. 
0 ? 

..... 
(A) 

f\) ()) � 0 � 

z 
0 
..... (.) 
UJ 
a:: 
0 

(!) z 
Q. 
a. 
a:: ..... 

STAT I O N  B U S  

I 2 3 
LINE 

67 
15+ 
6 7 
5 + 

P H A S E R O TAT I O N  1 , 2 , 3  

67 i4 

II· 
I t· 

67 I i3 P H A S E  

2 

3 

P H A S E  

2 

I 
2 
3 

V I  
V 2  
V 3  
G 

V ECTOR 
ROTAT I ON 

� 

3 t E L E�EN T 
V 17 PHASE 1 H-3 

I t 

D. C. CIRCUITS 

w- �� h. � H 3  � C S 1  � H 3  ooy- C S 2  

TO 
O T H E R  

R E LAYS 

L 

! 3�I ? D E V I CE NUMBER CHART 

v3 G 
v2 G 

V ECTOR S AT l OOJ P . F .  POWER 
I N  TR I PP I N G D I R E CT I ON 

67 - POLYPHASE D I R ECT I ONAL 
R ELAY , TYP E  H-3 

CS l} AUX I L I ARY 
CS2 CONTACTOR SW I TCH 

52 - POWER C I RCU I T  BREAKER 

-t -< , 
m 
Cll 

% 
I w 
,... 
z 
c 

% 
< 
w 

;a 
m 
r 
,... -< Cll 

r 
.... -' � � P" � 
� 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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Fig. 14 - Outline anrl Drilling Plan for the H-3 Relay in the FT22 Case. 
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Fig. 15 - Outline and Drilling Plan for the HV-3 Relay in the FT32 Can, 
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I. L. 41 -226 

INSTA LLATION • OPERATION • MAINTENANCE 

IN S T R UCTION S 
TYPES H-3 AND HV-3 THREE PHASE 

DIRECTIONAL RELAYS 

CAUTION Before 

remove a l l  b l o cking which may have been in ­

serted for the purpo s e  of s e curing the part s 

during shipment . Make sure that a l l  moving 

part s ope rate free ly and in spe ct the contac t s 

t o  see that they are c lean and c l o se prope rly . 

Ope rate t he re lay t o  che ck the set t in g s  and 

e le ct rical c onne ct i on s .  

APPLICATION 

The type s H-3 and HV-3 re l ay s  are po lyphase 

dire c t i on a l  re lays which are used to obt ain 

high speed dire c t i on a l  d i s criminat i on during 

fault s on power syst ems . The type HV-3 re l ay 

has a v o l t age r e s t raint e lement which int r o ­

duc e s a re s t raining t orque o n  the re lay pro ­

p ort i onal t o  the area of the v o l t age t rian g l e . 

Thu s ,  at n o rmal v o l t age , suffi c ient t orque i s  

produced t o  prevent operat i on o f  the relay on 

n o rmal l oad current f l ow .  Any fault on the 

system reduce s the area of the v o l t age 

t r ian �le , and c on s e quen t l y  the amount of re ­

s t raint . At the same t ime the current in the 

r e l ay in c re a se s and the re lay operat e s  if the 

fault is in t he c ontact c l o sing dire c t i on . 

Since the v o l t age t riangle d oe s  n ot c o l lap se 

as much on ground fau l t s a s  it doe s on phase 

fault s ,  it is de s i rab l e  to remove v o l t age re ­

st raint on ground faul t s .  Thi s may e a s i ly be 

d one by an in s t an t an e ou s  ove rcurrent ground 

r e l ay ( type SC ) with it s back c ontact s c on ­

n e cted t o  open any one of the lead s  t o  the 

v o l t age re st raint e lement . 

The dire c t i on of p ower f l ow f or b oth pha s e  

a n d  groun d faul t s  c a n  b e  de t e c t ed with the s e  

r e l ays . T o  ob t a i n  c o rr e c t  opera t i on during 

groun d faul t s ,  i t  i s  n e c e s sa ry tha t t.he mini ­

mum curren t in the faul t e d  c o n duc t o r  b e  a t  

l ea s t  twi c e  the max imum l oa d  

( with n o  v o l t a ge r e s t r a i n t  or 

Supersedes I .L. 41 -41 90 
* Denotes change from superseded issue. 

f l ow 

e r e l a y ) s o  

the fault current and l oad current s 

are in opp o s i t i on , the former w i l l  always pre ­

d ominat e and give a net t orque on the re lay 

in the c orre ct dire c t i on . Stated anothe r  way , 

the min imum l ine -t o - ground current must be at 

least three t ime s the maximum l oad current for 

c orrect ground fau lt prote c t i on . Low ground 

current o c curs mo st fre qu.ent ly on impedan ce 

grounded sy st ems . Whe re p o s it ive dire c t i onal 

indicat ion cannot be obtained under a l l  

system c ondit i on s ,  i t  i s  rec ommended that a 

separat e ground dire c t i onal relay be u sed . 

Both the type H-3 and the type HV-3 re lays 

can be furni shed ,,rith e ithe r  a wat t chara c t e r ­

i st ic or a 4 5 °  charact e r i s t i c . 

CONSTRUCTION AND OPERATION 

The type H -3 re lay c on s i s t s of a polyphase 

dire c t i onal e lement , two c ontac t o r  swit che s ,  

and two operat ion indicat o r s . The type HV-3 
r e l ay c on s i st s  of a p o lypha se dire ct i onal e l e ­

ment , a v o l t age re st raint e lement , t w o  c on ­

t ac t or swit che s ,  and two ope rat ion indicat or s .  

The se e lement s are a s  f o l l ow s : 

P o lypha se Dire c t i onal E lement 

Thi s e lement c on s i s t s  of three e le c t r o -

magnet s ,  and a vert ical shaft with three 

movab le l o op s ,  arranged a s  shown in figure 1 .  

Each l oop ha s i t s  out e r  s ide l o cat ed in an air 

gap wi thin t he e le ct romagnet . Each e le c t r o -

magne t  ha s a three - l e gged magnet i c  c i rcuit 

wound with three c o i l s .  The c o i l s  on the two 

out e r  l e g s  are the v o l t age windin g s . Vo l t age 

app lied to the se c o i l s  induce s a l arge current 

in the l oop by t ran sforme r act ion . Current 

f l owing thru the current c o i l  on the cente r  

l e g  of the e le c t romagnet produce s an air gap 

f lux which interact s with the l oop current 

f lux in the out e r  s ide of the l oop and cau s e s  
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TYPES H-3 AND HV-3 RELAYS-------------------

LAG LOOPS 

SPR I NG ADJ U STER 
FOR T YPE H-3 
RELAY ONLY 

Fig. 1-Schematic Top View of the Three Phase Directional 
Element 

rotat ion of the shaft in the direct ion c orre s ­

p onding t o  the direct ion o f  f l ow o f  the alter­

nat ing current powe r .  

One l oop and it s a s s o c iated e le c t romagnet 

make up 

With the 

one phase of the three -phase 

4 5 °  charac t e r i s t i c  re lay a 

re lay . 

delta 

voltage and a star current are app l ied t o  e ach 

e le ct romagnet , and proper phase angle charac ­

t e r i s t i c s  are obtained as f o l l ow s .  The loop,  

which i s  c on s ide red a s  the s e c ondary l oad of a 

t ran sforme r ,  has a much highe r re s i s t ance than 

reactance , and the l oop current lags the volt ­

age applied t o  the e le c t r omagnet by an angle 

of 1 0  t o  1 5  degree s .  The air gap flux lags 

the appl ied current by about 55 to 6 0  degre e s  

be cause o f  the lag loops around the centerpole 

of the e le ct romagnet . Thu s maximum t orque 

o c cu r s  when the re lay current leads the re lay 

volt age by 45 degree s .  

The 9 0 °  Conne c t i on i s  used on the re lay t o  

g ive the required de lta v o ltage and star cur ­

rent . With this c onne ct ion one of the e l e c ­

t r omagnet s w i l l  have "A phase " ( star ) current 

and "BC " (de lta ) voltage which for a system 

p ower fact o r  of unit y ,  lags the current by 

9 0 ° .  Hence , with thi s  c onne c t i on and the 

ab ove ( 45 ° )  relay characte r i st i c s ,  maximum 

t orque i s  obtained when the system fault cur­

rent i s  lagging it s un ity powe r fact or p o s i ­

• � · m  b y  45 o .  

2 

CENTER ELEMENT 
( FRONT VII'.W) 

rRIP CliC:CUIT INTER ­LOCK FOR DETACH -ABLE RELAyS."" 2 
- :..t :- - - - - - -

! Rt&t4T ELEMENT-+-=-< 
!FRO�T VIEW) 

CeNT ACTOR 
SWITC� 

>---+-LEFT ELEMENT (FRONT VIEW) 
®r----�r-----@ 

REA� VIEW 5 -D - 1 38 1  

WITH RELATIVE iNSTANTANEOUS POLARITIES AS .sHOV\IN 1 l'l-\E MA�E WJTAC1 
CLO&E.S AND THE. MOVIN& ELEMEl-JT �TATES CWNTERCLOCKWISE. (TOP VIEW) 

Fig. 2-Internal Schematic of the Type H-3 Relay in the 
Standard Case With Single Pole Double Throw 
Independent Contacts. 

With the watt charact e r i st i c  relay a star 

current and a star voltage are app lied to each 

e le ct r omagnet . The air gap flux lags the 

app l ied current by about 1 0  to 15 degre e s  be ­

cau se of the lag l o op s  around the center pole 

of the e le ct romagne t . Thus maximum t o rque 

occur s when the relay current leads the re lay 

volt age by about 0 degree s .  

The in stantan e ou s  t orque in each e lement of 

the re lay is produced by the in stantan e ou s  

product s o f  v o ltage ( loop current ) and current 

{ air gap flux ) in the e le ct romagnet , which i s  

a double frequency pu l sat ing t orque . The 

t orque s in the other two e le ct r omagnet s are 

a l s o  pul sat ing ,  but they are di splaced 120 

degre e s  in t ime pha se and when all thre e 

in stantan e ou s  value s are added , the re sult i s  

a un iform n on -pu l sating t orque . 

Two moving c ontact s are mounted at ri ght 

angle s t o  each other on the oute r  end of a 

l e af spring which in turn i s  mounted on 

I s o lant it e  arm on the moving shaft . A st op 

bracket with a small cyl inder part ially f i l led 

with tung sten po•rder is mounted behind each 

moving c ontact . When the moving c ontact 

strike s  again st the rigid fixed c ontact s crew , 

the spring is deflected for the ne ce s sary c on ­

tact f o l l ow ,  aft e r  which the s t op st rike s the 

moving contact . Thu s ,  the ful l  t orque of the 

re lay i s  t ran smitted thru the c on tact s t o  

maintain ful l  contact pre s sure . The part i c le s  
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TYPES H-3 AND HV-3 RELAYS ___________________ t_L_4_1 - 2_26 

RED HANDLEj 
C(NE.Il OPfi2ATE D SWITCH WHEN IJSfO. 

NOTE : 
RELAV SUPF"LIED 
R:IR 9Cl CONNECTION 
�IN& INTE�MAL. 
PHA.SIPII& LOOPS 
UNLES� �ERWISE 
ORDU�ao. 

8 -D - 5 5 4 2  

INDICATOR 

-::::o-----o.-+- CENTER ELEMENT 

(6}.,.::._ __ --J'G----=;� !FRONT VIEW! 

LEFT ELEMENT 
lFRONT VIEW} 

,JACK 

TO BASE TERM�. I 
WITH REL-ATIVE INSTANTANEOUS POLARITIES AS SHOWN, THE t.4AI<E J C.ONTACT CLOSES AND THE MO\IIN& E L E M E NT ROTATES COUNTER 
CLOCKWISE ITOP VIEW) 

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

Fig. 3--lnternal Schematic of the Type H-3 Relay in the Type 
FT Case With Single Pole Double Throw Indepen­
dent Contacts. 

of tung sten p o�de r in the sma l l  cyl inder s l ide 

over each other at the in stant of impact and 

ab sorb the ene rgy in the moving e l ement . A 

flexible metal ribbon c onduct s current t o  the 

moving c ontact s .  

The type H-3 re l ay i s  sup p l ied �ith spring 

re st raint �hich is ad ju sted to hold the c on ­

tact s in the normal n on -t rip p o sit ion �hen the 

relay i s  deenergized . Thi s  preven t s  an in ­

c orrect dire c t i onal indicat ion by the e l ement 

under the c ondit ion or l o s s  or l oad . Howe ve r ,  

the spring re straint may be ad justed t o  give 

a bias t o rque in e ither dire ct ion . 

Voltage Re s t raint E lement 

Thi s e lement i8 supp l ied only in the type 

HV-3 re lay s  �nd c on s i st s  of three e le c t r o -

magnet s  and l o o p s  s imilar t o  those u sed o n  the 

dire c t i onal e l ement . The re straining e l ement 

is mounted b e l o� the dire ct i onal e l ement and 

the loops of the t�o e lement s are fastened t o  

a c ommon vert ical shaft �hich operat e s the t�o 

c ontact s as de s cribed ab ove . The outer c o i l s  

o f  each e le ct r omagnet have one delta voltage 

(El ) app l ied and the cent er coil has another 

delta v o ltage (E2 ) app lied . By mean s of the 

CONTA CTOR 
.S W I TC H  

TOP LEFT ELEMENT (FRONT VI EW) 

l l - D - 9l G 2  

OPERA I ION I N DIC ATOR 

TOP CENTER (���E-rTV JEW) 

WITH lli:.ELATlVE INSTft.NTANEOUS POLARITIES AS SHOWN, THE. MAKE C.O NTACT CLOSE.S, AND THE MOVI � ELEMENT ROTATES COUNTER- CLOCKWISE (TOP VIEW) . VOLTAGES ON RE.STRAINT ELEMENTS AS S '"tOWN WITH PHASE flt0TATION 
A,B,C ROTATE. rHE MOVING ELEMENT CLOCK WISE (TOP VIEW) 

Fig. 4---lnternal Schematic of the Type HV-3 Relay in the 
Standard Case With Single Pole Double Throw In­
dependent Contacts. 

COVER. OPERATED !>WITCH -W� USED 

VOL T.AGE RESTRAINT 
LOWER �T ELEMENT lFRONT VIEW) 

RE��TOR:S 
tZ5CY. ONLY) 

NOTE" RELAY SUPPLIED F� 30" CONNECTION US IN(; 
INTERNAL PHA�IN� 
LOOP5 I)NL£:)5 Of\.IER­
WI!>E QRDEREO. @l( 

ir 
®* 
@)� 

VOL TA6E Re.STRA\WT 
LOWER CENTER �LEMENT 

(FRONT 'V\EW) 

10P CENTER E\.EME.NT (FRONT VIEW; 

TOP LEFT ELEUBIT 
(F�NT VIEW ) 

"TOP RIGHT ELE.MEWT 
CFI<ONT VIEW) 

TO RELAY 
CURR.EWT TEST JACK 

TO BA.'SE TE�S 

WI"TH RELATIVE tN5TAHTANEOU5 fU..ARITlE5 AS SHOWN, T"E MA\<E CONTACT CL05E5, ANt 
T\IE MOV'\NG ELEMENT 520TATES COUNTER CLOCKWISE '-TOP VIEW). VOL TA&E5 (}N. 
RE:)TRAu.,t,T E.LEl.\ENT::t A.5 SK>WN WiTH PHA:)E. ROTATION A,B,C ROliOo.TE lt\E MCM\.t& ELEMENT CLOCKWI!>E (.TOP VIEW) 

9 - D - 8 0 7 9  

Fig. 5-Internal Schematic of the Type HV-3 Relay in the 
Type FT Case With Single Pole Double Throw In­
dependent Contacts. 
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TYPES H-3 AND HV-3 RELAYS------------------

Fig. 6-Typical Phase Angle Curves for the 45° Character­
istics 50 and 60 Cycle Types H-3 and HV-3 Relays 
With Balanced Three-Phase Power Applied and No 
Spring Restraint. 

3.0 .05 

0 .!-W." 
0 20 

S Amp3. 
IS Amps. 

30 Amps. 
50 Amps. 

40 60 80 
3 ; Oelt4 Voltage 

100 IZO 

Cucve 2 5 2 1 3 3  j 
Fig. 8-Typical Time Curves for the 60 and 60 Cycle Type 

H-3 Relay for Three-Phase Faults at Maximum 
Torque. 

4 

10 

8 

2 

20 

Type HV-3 with 
voltage restroint 

Type H-J ond HV-3 with­
out voltage restraint 

40 60 80 
3 � De/to Volts 

/00 120 

Curve 2 5 2 1 47
. 

Fig. 7-Typical Sensitivity Curves for the 50 and 60 Cycle 
Types H-3 and HV-3 Relays at Maximum Torque. 

� 0.1 .01 
� 

20 

15 Amps. 
JOAmp3. 
SO Amps. 

40 60 80 3 ,  Applied Oelto Voltage 
100 /20 

Fig. 9-Typical Time Curves for the 50 and 60 Cycle Type 
HV-3 Relay With Voltage Restraint For Three Phase 
Faults at Maximum Torque. 
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TYPES H-3 AND HV-3 RELAYS-----------------�':..::·L�4�1-�226 

Fig. 10--Typical Time Curves for the 50 and 60 Cycle Types 
H-3 and HV-3 Relays Without Voltage Restraint for 
Phase to Phase Faults at Maximum Torque. Full 
Voltage Collapse on Faulted Phase. 86% Voltage 
on Unfaulted Phase. 

capacit or unt i s  in serie s with the outer two 

c o i l s ,  the phase angle charact eri st i c s  of the 

e le ct romagnet s are such that the t orque of the 

e lement i s  proport ional t o :  

where g i s  the angle between the two de lta 

voltage s and is n orma l ly 6 0 ° .  

If any one of the three delta voltage s c om­

p lete ly c o l lap s e s  during a fault , there is n o  

t orque o n  the e l e ct romagnet , s ince the 

col lap se of the third vo ltage make s the s ine 

of the angle between the voltage s zero . If 

a l l  three voltage s decrease un iformly , the 

t orque varie s as the square of the ir magn i ­
tude . Each e le ct romagnet i s  c onnected t o  a 
different c ombinat ion of delta voltage s s o  

that a uniform re st raint t orque and balan ced 

burden s are obtained . 

Re st raint can be removed by opening any one 

9upply lead t o  the re st raint e lement . Thi s 

app l ie s  s ingle phase t o  all three e le c t r o ­

magnet s and the s ine o f  the angle become s 

3.0 .0 

zo 

: _._;-

-J .  
5Amps. 
lsAinfis . 
. ' � 

<f(J 60 80 
3, Appli•d Otlta · Voltaot 

30Amps. 

100 IZO 

Fig. l l-Typical Time Curves for the 50 and 60 Cycle Type 
HV-3 Relay Without Voltage Restraint for Three 
Phase Fahlts at Maximum Torque. 

small so lenoid type swit ch . A cylindri cal 

p lunger w ith a s i lver d i s c  mounted on it s 

l ower end move s in the c ore of the solen oid . 

As the p lunger t rave l s  upward , the d i s c  

bridge s three s i lver stat i onary contact s .  The 

c oi l  i s  in serie s with the main c ontact s of 

the relay and with the t rip c o i l  o f  the 

breake r .  When the relay c ontact s c l o se , the 

c oi l  b e c ome s energized and c l o se s the switch 

c ontact s .  Thi s  shunt s the main re lay c on ­

t act s ,  thereby re l ieving them of the duty of 

carrying t r ipping current . The se c ontact s re ­

main c losed unt i l  the trip circuit i s  opened 

by the auxi l iary switch on the breake r .  

Operation Indi cat or 

The operation indicat or is a sma l l  so lenoid 

c oi l  c onnected in the trip c ircuit . When the 

c o i l  i s  energized , a spring-re st rained arma ­

ture re lease s the white target which fal l s  by 

gravity to indicate complet ion of the t rip 

c ircuit . The indicat or is re set from out s ide 

zero . At normal volt age s 10 ampe re s is re - of the ca�e by a push rod in the c over or 

quired in each e l ement at maximum t orque t o  � over stud . 

overcome the r e s t raint t orque . 

CHARACTERISTICS 
C ontact or Swit che s 

The type s H-3 and HV-3 re lays are n orma l ly 

The d-e contactor swit ch in the re lay is a provided with independent make and break con -
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TYPES H-3 AND HV-3 RELAYS _________________ _ 

tact s .  Two aux i l i ary c on t a c t or swit che s - - one 

in e ach c ontact c ircuit - -provide seal -in c i r ­

cuit s f o r  the main re lay c ontact . The main 

c ontact s w i l l  c lo s e  30 ampe r e s  at 2 5 0  v o l t s 

d - e  and the auxi l iary c ontact ors w i l l  safely 

carry this current unt i l  the b re aker i s  

t ripped and t he auxi l i ary " a " swi t ch open s . 

The c on t a c t o r  swi t ch has a min imum p i ck -up of 

one ampere d - e  and a c o i l  re s i st an c e  o f  one 

ohm . 

Typical 50 and 6 0  cycle phase angle charac ­

t e ri st i c s  of the 4 5 °  charac t e r i s t i c  re lay are 

shown in figure 6 .  Maximum t orque , in t he 

c ontact c l o s in g  dire c t i on , o c cu r s  when the 

line curren t  lags the l ine -t o -neut ral voltage 

by approximate ly 45 degree s ,  when u s ing the 

90 o c onnect ion 

Typical 50 and 60 cycle sen sit ivity curve s 

at maximum t orque are shown in figure 7 .  The 

sen s i t ivity of the t ype HV-3 re lay without 

v o l t age re st raint i s  the same as t he type H-3 

re lay . The 60 cycle three phase min imum p i c k ­

u p  without spr ing re st raint of t h e  type R-3 

re lay is 0 . 08 ampe re s at 1 1 5  v o lt s ,  0 . 15 am­

pere at 1 0  v o l t s ,  and 5 . 0  ampe re s at l vo l t . 

The single pha se min imum pick-up current s are 

approximat e ly three t ime s tho se for three 

pha se . It w i l l  be n ot e d  from the curv e s  that 

the sen sit ivity of the t ype HV-3 re lay with 

v o l t age re st raint i s  de crea sed only at v o l t ­

age s above 2 v o l t s .  The curve s a l s o  shov that 

10 ampere s 60 cyc l e s  are re qu i red at 1 1 5  v o l t s  

t o  ove r c ome v o l t age re s t raint . 

Typical 

t o  1 1 . 

of . 03 5  

50 cycle 

re lay s . 

t ime curve s are shmm in figure s 8 

A l l  curve s are for a contact spacing 

inch and at maximum t o rque for 6 0  and 

re lays and . 07 0  inch for 25 cycle 

INSTALLATION 

The re lay s  should be mounted on swit chboard 

pan e l s  or the i r  e quivalent in a l o c at ion free 
from dirt , mo i sture , exce s sive vibrat i on and 

heat . Mount the relay vert i ca l ly by mean s of 

the two moun t in g  stud s for the standard c a se s 

and the type FT p r o j e c t i on case or by me an s of 

the f our mount ing hole s on the f l ange for the 

semi -flu sh type FT case . Eithe r of the stud s 

6 

or the mount ing s c rews may be ut i l i z ed for 

grounding the l'e lay . The e le ct r i c a l  c onn e c ­

t ion s may be made direct t o  the t e rminal s by 

mean s of s crew s for ste e l  pan e l  mount ing or t o  

t e rminal stud s furn i shed with the re lay for 

ebony -a sbe s t o s  or s late pan e l  mount ins . The 

t e rminal stud s may be e a s i l y  removed or in­

serted by l ocking two nut s on the stud s  and 

then turn ing the proper nut with a wren ch . 

The extern a l  c onne c t i on s  for t ypical app l i ­

c at i on s o f  the type H-3 and HV-3 re lays are 

sho•.rn in f igure s 12 thru 19 . 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustment s t o  in sure c orrect 

operat i on of t h i s  re lay have been made at the 

fact ory and should not be d i sturbed aft e r  re ­

c e ipt by the cust omer . If the ad .iustmen t s  

have been chan ged ,  the re lay t a'{en apart for 

repai r s , or if it i s  des ired t o  che ck the ad ­

ju stment s at regular maintenance period s ,  the 

i n s t ru c t i o n s  b e l ov should b e  f o l l owed . 

A l l  c on t ac t s should be periodically c l e aned 

vith a f ine f i le . Style 1 0 0 2 1 1 0  f i le is re ­

c ommended for t h i s  purp o se . The use of abra ­

s ive mat e r ial for c leaning contact s i s  n ot re ­

c ommende d ,  becau se of the dan ge r  of embedding 

sma l l  part i c l e s  in the face of the s oft 

s i l ve r  and thus impairing t he c ontact . 

Ad just the l ower bearing so that b oth the 

t op and bot t om of the loops are equi -di s t ant 

from the i r  re sp e c t ive magn e t i c  c i r cuit s .  

Energize the potent ial c ircuit s of the re lay 

unt i l  the loops reach operat ing temperature . 

About t e n  minut e s  at n o rmal v o l t age i s  n e c e s ­

sary t o  reach t h i s  c ondit i on . When the ope r ­

at ing t emperature i s  reached , adjust the upper 

bear�_ng for l/64 inch c learan c e . 

The l o o p s  of each e l ement mu st be in line 

with t he center of the midd le leg of the mag ­

net i c  c i rcuit . If n e c e s sary , t h i s  adju stment 

can be obt ained by l o o sening the e le c t romagnet 

mount ing 

magnet in 

s c rew s and moving the who le e le c t r o ­

the de s ired d i re c t ion . A l l  three 

e lement s mu s t  have the same re lat ive p o sit i on 

of l o op and magn e t i c  c i r cuit . 
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Fig. 12-External Connections for Directional Balanced Over­
current Phase Protection of Two Parallel Lines Using 
One Type H-3 (90° Connection) and Three Type SC 
Relays All in the Standard Cases. 
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Fig. 14-t:xternal Connections for Directional Phase Protec­
tion of a Three Phase Line Using the Type HV-3 
(90° Connection) Relay and Three Type CO Relays 
All in the Standard Cases. 
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Fig. 13-External Connections for Directional Overcurrent 
Phase Protection of a Three Phase Line Using Three 
Type CO Torque Controlled Relays Directionally 
Controlled By One Type H-3 (90° Connection) and 

______ O[!e Type _!'-f9_!!�Jay �J_l}n_ !lle_S.tC!!J._d_ard_ c;::a_sE!_�. 
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Fig. IS-External Connections for Reverse Power. or Direc­
tional Phase Protection Using the Type H-3 (Watt 
Connection) Relay in the Standard Case. 7 www . 
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[ _ _ _ _ 
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ROTATION 
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Fig. IS-External Connections for Directional Balanced Over· 
current Phase Protection of Two Parallel Lines Using 
One Type H-3 (90° Connection) and Three Type SC 
Relays All in the Type FT Cases. 
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Fig. IS-External Connections for Directional Phase Protec­
tion of a Three Phase Line Using the Type HV-3 (90° 
Connection) Relay and Three Type CO Relays All 
in the Type FT Case. 
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Fig. 17-External Connections for Directional Overcurrent 
Phase Protection of a Three Phase Line Using Three 
Type CO Torque Controlled Relays Directionally 
Controlled By One Type H-3 (90° Connection) and 

,----
One Type MG Relay All in the Type FT Cases. 
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Fig. 19-External Connections for Reverse Power or Direc­
tional Phase Protection Using the Type H-3 (Watt 
Connection) Relay in the Type FT Case. www . 
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TYPES H-3 AND HV-3 RELAYS _________________ ....::.t-=-L ....:.:41�- 2=26 

Type H-3 Re lay 

The p o larity of the re lay is che c\ced a s  

f o l l o,.r s : Refer t o  ficure 2 o r  3 and app ly 1 1 5  

v o l t s  and 5 ampere s ( in pha se ) t o  the corre s -

p onding v o l t age and current c o i l s  in turn , 
with the t e rmin a l s marked with p o larity marks 

c onne c t e d  t ogethe r .  Looking at the t op of the 

re l ay ,  the moving e l ement should rotate in a 

c oun t e r - c l o ckvi s e  d i r e c t ion . 

Ad j u st the baclc-up s t r ip l o cat e d  in front of 

each moving contact by bendinf so that i t  just 

t ouche s the contact spring vhen the contact s 

are open . Adjust the sma l l  c y l inder behind 

the moving c on t act to obtain . 0 09 inch contact 

f o l l ow .  Thi s is d one by advan c ing the 

c y l inder unt i l  it just t ouche s the rear of the 

moving c ontact sprin g , and then backing off 

l/2 turn . 

4 5 "  C h a ra c t e r i s t i c  R e l a y  A d ju s t ment s 

Remove sp r in g  r e s t r a i n t  by a d j u s t ing t h e  

s p ring a d j us t e r . App l y  s in g l e -p ha s e  current 

of 5 0  a mp e r e s  with p o l a r i t i e s  as s h own on i n ­

t e rn a l  s c hema t i c  d i a g r a m  t o  t h e  current c o i l s  

w h i c h  s h o u l d  b e  c on n e c t e d  i n  s e r i e s . E a c h  

p ot e nt i a l  c o i l  s h ou l d b e  s h o r t - c i rc u i t e d . 

When e n e rg i z e d  t he r e l a y  moving e l ement w i l l  

c en t e r  i t s e l f  due t o  th e c omb in e d  t o rqu e s  p r o ­

duc e d  b y  t h e  5 0  amp e r e s of current a n d  t h e  

s p ring r e s t ra i nt . R e a d j u s t  t h e  s p ring a d ­

j u s t e r  unt i l  t h e  c en t e r in g  p o s i t ion o f  t h e  

moving e l ement i s  exa c t l y  t h e  s a me f o r  t h e  

c on di t i on of z e r o  current o r  w i t h  50 a mp e r e s  

in t h e  current c o i l s . Un d e r  t h i s  c on d i t i on 

t h e  t o rque p ro duc e d  b y  the s p ring at t h e  

c en t e ring p o s i t i on is z er o  a n d  does n ot t e n d  

t o  " o f f s e t " o r  s h i f t  t h e  c en t e r i n g  p o s i t i on 

due t o  t h e  c urrent . T h i s  f i n a l  c ent e ri n g  

p o s i t i on w i l l  b e  c a l l e d  t h e  n eut ra l p o s i t i on . 

W i t h  t h e  mov i n b  e l ement in the n eut ra l p o s i ­

t i on a d j u s t  e a c h  s t a t i on a ry c on t a c t  f o r  . 01 5 

i n c h  c on t a c t  s p a c i n g  a n d  l o ck in t h i s  p o s i t i o n  

f o r  G o  a n d  5 0  cyc l e  r e l a y s  a n d  . 03 5  i n ch f o r  

2 5  cy c l e  r e l a y s . 

T h e r e  a re two a d j u s t a b l e  s t op s c r e w s  l o c a t e d  

o n  t h e  frame c a s t i ng . The s e  s t op s  a r e  u s e d  

wh e n  t h e  re l a y i s  supp l i e d  w i t h  t w o  c i rcui t 

c l o s ing c on t � c t s  a n d  p e rf o rm t h e  s a me fun c t ion 

NO'T£: 1 C.ONNEC:.T!ON8 ARE F"o� 'T�IiL T .. ST Of" Pl-!..ll..•a. A. E I...M&IIlT· FOR, 'eo II.I..�Mi:MT 5�1FT PAASii. "MC5L£ MET£� & Po'f ­E.MTlAI- C0N,..II. C 'T IOf'loL9 
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TERMll<.lAL ARRANGEMENTS. FOR DffFE2ElJ TYPE � �  &. l·W  3 RELAYS 

CIRCUIT 
TRIP lMAKE.) 

PHA.5E & 
POTENTII>.L 
COR� .... T 

PHA5E C !_"'�NTIAL .,;;�REN"T 
l:tE�TRA.tNT 

PHA�Iii: A 
PliAS• 8 
PI-\A.Sf. C 

9 - 10 II - 1 2  

I � · 14 
I S - I CQ  

n - 1 8  \9 - z o  
" 
Z3 
Z4 

' - 2  
. - " 
5 - .  ' - 8 
� - 1 0  
I I - I Z 

' - 2 · - --

, - 10 I L - I'Z. 

9 - 10 
I I  - I Z.  

Z 'b  - 24  
z.s - z "'  
� � - z.o 
Z.t - z.z 

1 - 1 - ! 

5 - .. , - 8 
1 '!. - 14-
1 5  - IC:.. 

':!! - 10 
1 1 - I Z.  

Fiq. 20-Diaqram of Test Connections for the Types H-3 and 
HV-3 Relays. 

a s  t h e  s t op s  on t h e  moving c on t a c t  a s s emb l y . 

W a t t  C h a ra c t e r i s t i c  R e l a y  A d jus tmen t s  

Remove s p ring r e s t ra i nt b y  a d j u s t ing t h e  

s p ring a d j us t e r . A p p l y  s i n g l e - pha s e  p ot e nt i a l  

o f  6 7  v o l t s  w i t h  p o l a ri t i e s  a s  s h own on in -

t ern a l  

c o i l s  

s c hema t i c  d i a g ra m  t o  t h e  p o t e n t i a l  

whi c h  s h ou l d  b e  c on n e c t e d  i n  p a ra l l e l . 

E a c h  current c o i l  s h ou l d  be o p e n - c i rc u i t e d .  

When t h e  p o t en t i a l  c i r c u i t s a r e  d e e n e rg i z e d  

t he mov ing e l ement w i l l  t en d  t o  b e  c e n t e r e d  b y  

t h e  s p r in g . When t h e  p o t en t i a l  c i rcui t s  a re 

e n e rg i z e d  t h e  mov i n g  e l ement may move e i t h e r  

t o  t h e  r i g h t  o r  t o  t h e  l e ft . I f  u n d e r  t h i s  

c on d i t i on t h e  moving e l ement mov e s  t h e  c o n ­

t a c t s  t o  t h e  r i g h t , t h e  f. p r i n ,; shou l d  b e  re ­

a d j u s t e d  t o  move t h e  d e e n e rg i z e d  s p ring 

c e n t e r ing p o s i t ion o f  t h e  moving e l emen t t o  

t he l e f t . I f  un der t h i s  c on d i t i on t h e  moving 

e l ement mov e s  the c ont a c t s  to the l e ft , the 

s p r in g  s h ou l d  b e  r e a d jus t e d to mov e the de -
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TYPES H-3 AND HV-3 RELAYS _________________ _ 

energized spring c entering p o s i t i on of the 

moving e lement to the r ight . C on tinue t o  

shift the c entering posit i on o f  the spring 

unt i l  a sma l l  movement of the spring a djuster  

will  c ause the  moving element t o  move in  one 

direc t i on when the p ot ential  is app l ied and a 

sma l l  movement in the other direction will  

c ause the  moving e l ement t o  move  in the  op ­

p o s i t e  direction . This final  c entering p os i ­

t ion w i l l  be c a ll e d  the neutral p o s ition . 

With the moving el ement in the neutral p o s i ­

t i on adjust each s t a t ionary c ontact  f o r  . 01 5  
inch c ontact  spac ing and l ock in this p o s i t i on 

for 60 and 50 cycl e  relays and . 03 5  inch for 

25  cyc l e  rel ays . 

Type HV - 3  Relay 

The tests  outl ined for the typ e  H-3  4 5 o  
characteristic  relay a l s o  apply t o  the HV- 3  

relay  when the voltage restra int c i rcuit i s  

n ot c onnected . T o  make a complete  check on 

the type HV - 3  relay with a l l  c ircuits c on -

nected ,  involves  three -phas e  test  source , 

pha s e  shift e r ,  p otentiometers , and non -induc ­

tive  res i s t ors for c ontroll ing the voltage and 

current to the relay resp e c t ively . This t es t  

w i l l  p e rmit checking o f  a l l  the chara c t e r ­

i s t i c s  of t h e  relay at  the p rop er pha se angle . 

Thi s  t e s t  procedure however i s  usua lly too  

c omp l i c a t ed for routine filed testing . The 

c omp l e t e  t e s t  may b e  s imp l i fied for field  

t es t ing by the  foll owing modifi cation s . Apply 

three p ha s e  restra i n ing voltage to the re ­

s t ra in ing e l ement and s ingle pha s e  t o  a l l  

three p ha s e s  of t h e  direct ional  e l emen t . For 

the l a t t e r  e l ement t he potent i a l  coils  are a l l  

c onnected  in p a ra l l e l  and the current c o i l s 1  

a re c onnected in series . With a n on - induct ive 

l o a d ,  the relay wil l be  op erat ing about 4 5 "  
away from i t s  maximum t o rque p o s i t i on and 

c on sequently current value s to trip a given 

v oltage w i l l  be increased by ab out 30% . Since  

tne  c ombina t i on of three -pha s e  rest ra ining 

t o rque and s ingl e -pha s e  operat ing t orques on 

a l l  three e l ements  p roduces  s ome unba l an c e d  

t orque i n  the moving e l ement , i t  i s  recom­

men ded t hat t es t s  be ma de at  a reduced voltage 

( 6 5  vol t s  o r  l es s ) . With 65 volts  app l ied t o  

voltage re straint e lement s ,  about 8 ampere s i s  

required at unity p owe r factor t o  make the re -

10  

lay operat e . 

T o  che ck t he circu it s t hru t he voltage re ­

straint e l ement , the relay should be energized 

at n ormal voltage for about 1 0  minute s .  The 

p otential c ircuit of the direct i onal e lement 

should then be opened . Then open t he phase A 

p otential t o  the voltage re st raint e lement and 

ob serve t he t orque p roduced on the moving e l e ­

ment , i f  any . Rep lace A lead and remove t he B 

lead and again ob serve the t orque . Repe at for  

t he C lead and in a l l  case s the re should be no 

t orque 

defe c t s  

voltage 

or a very slight t orque pre sent . 

in t he coils  or capac itors of 

re straint c ircuit s will  be made 

Any 

the 

ap -

parent by the p re sence of exce s s ive t orque 

dur ing this t e st . 

C ontactor Swit ch 

Adjust t he stat ionary core of the swi t ch for 

a c learan ce between t he stat i onary c ore and 

the moving c ore when the swit ch i s  p i c�ed up . 

Thi s can be most c onvenient ly done by turn ing 

the relay up - side -down . Screw up the c ore 

screw unt i l  the moving core start s rotat ing . 

Now ,  back off the c ore screw unt i l  t he moving 

c ore stops rotating . This ind icate s t he point 

where the p lay in the moving c ontact as semb ly 

i s  t a�en up , and where the moving c ore just 

separat e s  from the stat i onary c ore sere•< . 

Back off the stat i onary c ore screw one turn 

beyond this point and lock in p lace . Thi s 

prevents  the moving c ore from striking and 

st icking to t he stat ionary core be cause of 

re sidual magnet ism .  Adjust the c ontact clear­

an ce for 3/32 inch by mean s of the tvo small 

nut s on e ither side of the Micart a d i s c . The 

sr.r itch should p i ck up at l ampere d - e . Test  

for st i cking after 30 ampere s d-e  have been 

passed thru the c o i l . The c o i l  r e s i stance  i s  

approximately 1 . 0  ohm . 

Ope rat ion Indi cat or 

Ad just the indi cat or to operate at 1 . 0  am­

pere d - e  gradually app l ied by lon serc ing the 

bro screv s on the under side of the as semb ly , 

and movint:; the b racket foruard or backr.rard . 

If the tuo he l i cal springs vhich re set t he 

armature are rep laced by new spr in g s ,  they 
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should be weakened s l ight l y  by s t ret ching t o  

obtain the 1 ampere cal ibrat i on . The c o i l  

re s i stan c e  i s  approximate ly 0 . 16 ohm . 

RENEWAL PARTS 

Repair work can be done mo st sat i sfac t ori ly 

at the fact ory . Howe ve r ,  inte rchangeab le 

part s can be furn i shed t o  t he custome r s  who 

are e quipped for doing repair work . When 

orde ring part s ,  a lways give the 

namep late dat a . 

c omp lete 

ENERGY REQUIREMENTS 

The burden s and c on st an t s of the re lay s  are 

as f o l l ow s  p e r  phase : 

TYPES H- 3 ,  HV- 3 ,  4 5 °  CHARAC TERISTIC RELAY 

VALUES AT 115 VDLTS, 5 AMPERES ,  6 0  CYCLES 

R e s i s tanc e ( ohms ) 
Reac t anc e � ohms l 
Impedanc e ohms 

Wat t s  
Vars 
Voltamper e s  
P ower Fac tor 

C ont inuous Ratin£ (Ampere s  
One Sec ond Current (Amp s . ) 

R e s i. s tanc e ( ohms ) 
Reac tanc e � ohrns l 
Impedanc e ohms 

Wat t s  
Var s 
Vo l t a.rnperes 
P ower Fac tor 

C ont inuoc:.s Rat ing (Amperes 
One Sec ond C urrent (Amps . ) 

Type 

Current 
C ir c u i t  

0 . 04 5  
0 . 04 5  
0 . 064 

1 . 13 
1 . 13 
1 . 6  
45° lag 

or Vol t s ) 5 
230 

H- 3 

Vo lt age 
C ir c u i t  

3 0 4 0  
1 3 2 0  
3 3 10 

3 . 6 7  
1 . 5 9 
4 . 0  
23 . 5° 

l l 5  
. . . 

lag 

Current 
C ir c u i t  

0 . 04 5  
0 . 04 5  
0 . 064 

1 . 13 
1 . 13 
1 . 6 
4 5 °  lag 

5 
230 

VALUES AT 115 VOLTS, 5 AMPERES, 50 CYCLES 

Type H- 3 

Current V o ltage Current 
C ir c u i t  C ir c u i t  C ir c u i t  

o . o48G 2 56 0  0 . 0408 
0 . 0349 975 0 . 0349 
0 . 06 0  2740 0 . 06 0  

1 . 22 4 . 5  1 . 22 
. 87 1 . 7 1 . (c37 

1 . 5  4 . 02 1 . 5  
33 . 5° lag 2 0 . 8° lag 3 3 . 5° lag 

or Vo l t s ) 5 l l5 5 
230 . . . 230 

Type HV- 3 

Vo ltage 
C ir c u i t  (D ir e c t i onal ) 

3040 
1320 
3 3 10 

3 . 67 
1 . 59 
4 . 0  
23 . 5 ° lag 

l l 5  
. . . 

Type HV- 3 

Vo ltage 
C ir c u i t  

(Direc t i onal )  

2 56 0  
975 
2740 

4 . 5  
l .  7 1  
4 . 82 
2 0 . 8 ° 

ll5 
. . . 

lag 

R e s tr a int 
C i r c u i t  

1760 
2 0 4 0  
2 7 0 0  

3 . 2 
3 . 7 
4 . 9  
4 9 °  lag 

ll5 
. . .  

Res traint 
C ircui t 

2720 
1570 
3 14 0  

3 . 17 
l. Cl4 
3 . 66 
3 0 . 1° lag 

ll5 
. . . 
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TYPES H-3 AND HV-3 RELAYS. _________________ _ 

12 

TYPE H- 3 .  WATT CHARACTERISTIC RELAY 

VALUES AT 115 VOLTS ,  5 AMPERE S, 60 CYCLES 

R e s i s tance ( ohms ) 
Reac tance ( ohms )  
Impedanc e ( ohms ) 

Watt s  
Var s 
Voltamperes 
Power Fac tor 

C ontinuous Rating (Amperes or Vo lt s )  
One Sec ond Current ( Amps . )  

Type H- 3 

Current 
C ircuit 

. 028 

. 0 192 

. 034 

. 70 

. 48 

. 85 
34 . 5° lag 

5 
230 

TYPES H- 3, HV- 3, 45° CHARACTERISTIC RELAY 

VALUES AT 115 VOLTS 5 AMPERES 25 CYCLES , , 

Type H- 3 Type HV- 3 

Voltage 
Current Voltage Current C ircuit 
C ircuit C ircuit C i r c uit (Direct iona l )  

Res i stanc e ( ohms ) . 0380 383'0 . 0380 §830 
Reac t ance � ohms � . 0192 3200 . 0 192 200 
Impedanc e ohms . 0420 5000 . 04 2 0  5000 

Wat t s  . 94 2 . 03 . 94 2 . 03 
Voltamperes 1 . 05 2 . 65 1 . 0 5 2 . 65 
Power Fac tor 26° lag 40° lag 26° lag 40° lag 

Cont inuous Rat ing 5 115 5 115 
One Sec ond Rat ing 230 . . . 230 . . .  

Voltage 
C ircui t 

2740 
1440 
3 100 

3 . 76 
l .  97 
4 . 25 
2 7 . 8° lag 

115 

Restraint 
C ircuit 

3980 
990 
4100 

3 . 12 
3 . 22 
14 ° lag 

115 
. . . 
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TYPES H-3 AND HV-3 RELAYS __________________ t L_. 4_1_- 2_26 
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I 3Z -- -- 1l/S£ SCI?EWS FOR 
THIN r'h'NEL 1'1Tt:;-
rr- -�·1 I 

--------�rl· . I 

,- - -- - , I 
VS£ S Tt1P.5 Ftl/it: 
THICK P{INEf- 1'/llj. 

- I , 

I ./!7/0 -3e TE/i"/1/Nh't.. SCR"£Ws c[STVPS[ - -..._ · J' ;f-ZO 1'10tiNTINtf SCI?£WS <fSTVPSi.---zk: _ _  
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I 

78-D -270 

Fig. 21-0utline and Drilling Plan for the Projection Type Standard Case for the Type H-3 Relay. See the Internal Schematics 
For The Terminals Supplied. For Reference Only. 

I I  f f 
I I 

0 

P,._NEl \.OC"-T\ON fOR 

SEMI f'l.UI\\ i'YPI. HTG. 

•3i. 

CUT OUT FOR 

SEMI FL�K 

MOUNTINQ 

�D A .\\OLI!.S FOll. 

SEMI FI.US\1 'NP£ 

MT<\.�KOI.E&) 

1 6 -B - 2476 

Fig. 22-0utline and Drilling Plan for the S20 Semi-Flush or Projection Type FT Flexitest Case For The Type H-3 Relay. See 
the Internal Schematics For The Terminals Supplied. For Reference Only. 
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TYPES H-3 AND HV-3 RELAYS------------------

-i DIA.DKILL 
FOR THICK 
PANELS 

3-i DIA. DRILL 
(Z-HOLES) 

OPENIN<:"tS fOR 
THIN PA."NE..L 1�0 3l TERM S<.REW &. STUDS 
MOUNTINGi ,t-ZOMOU���

U
SD�IC:EW 

USE STUD S 
FOR THICK PANELS 

7 9 - C - 94 2  

Fiq. 23-0utline and Drillinq Plan For the Projection Type Standard Case For the Type HV-3 Relay. See The Internal Schema­
tics for the Terminals Supplied. For Reference Only. 

·"0-32. TERI'I.SCRE'W USE..190-3Z S"rUI> Pl.r-IEL L.OCI'ITION �OR TIIICK PI\NEL. HTQ. 
PROJECTION TYPE HTQ.--------r���j 

-------o=----- , II • I 

0 

I � I 

PANEl LOCATION FOR 
SEMI FLUSH TVPE MTGo 

I 
I 
I 
I 
I 
I 

STUDS �OR PROJ , 
TVPE MTG.t DIA. 
HOLE (2. REQ.) 

l-IB HTG. ST\l0(2. REQ) 

UT 0\ll FOR PRO.!EC\\ON 1'1\Q.O\'ITHIN 
P"'NEW>. 

1 6 -B - 2472 

Fiq. 24-0utline and Drillinq Plan for the M20 Semi-flush or Projection Type FT Flexitest Case for the Type HV-3 Relay. See 
the Internal Schematics For Terminals Supplied. For Reference Only. 
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INSTA LLATION 
Westinghouse J .L. 4 1-226. 28 

• OPERATION • MAINTENANCE 

INST R UCTIONS 
TYPES H-3 AND HV-3 THREE PHASE 

DIRECTIONAL RELAYS 

CAUTION Before putting relays into service , remove 

all blocking which may have been inserted for the pur­

pose of securing the parts during shipment. Make 

sure that all moving parts operate freely and inspect 

the contacts to see that they are clean and close 

properly. Operate the relay to check the settings and 

electrical connections. 

APPLICAT ION 

The types H-3 and HV-3 relays are polyphase 

direction relays which are used to obtain high speed 

directional discrimination during faults on power sys­

tems. The type HV-3 relay has a voltage restraint 

element which introduces a restraining torque on the 

relay proportional to the area of the voltage triangle. 

Thus , at normal voltage , sufficient torque is produced 

to prevent operation of the relay on normal load cur­

rent flow. Any fault on the system reduces the area 

of the voltage triangle , and consequently the amount 

of restraint. At the same time the current in the relay 

increases and the relay operates if the fault is in the 

contact closing direction. Since the voltage triangle 

does not collapse as much on ground faults as it does 

on phase faults , it is desirable to remove voltage re­

straint on ground faults. This may easily be done by 

an instantaneous overcurrent ground relay (type SC) 

with its back contacts connected to open any one of 
the leads to the voltage restraint element. 

The direction of power flow for both phase and 
ground faults can be detected with these relays. To 

obtain correct operation during ground faults , it is 
necessary that the minimum current in the faulted 
conductor be at least twice the maximum load current 

flow (with no voltage restraint on the relay) so that 

if the fault current and load currents are in opposi­

tion, the former will always predominate and give a 

net torque on the relay in the correct direction. Stated 

another way, the minimum line-to-ground current must 

be at least three times the maximum load current for 

correct ground fault protection. Low ground current 

occurs most frequently on impedance grounded sys­

tems. Where positive directional indication cannot be 
obtained under all system conditions , it is recom-

SUP ERSED ES I. L. 4 1 -226. 2A 
*Denotes change from superseded issue. 

mended that a separate ground directional relay be 

used. 

Both the type H-3 and the type HV-3 relays can be 
furnished with either a watt characteristic or a 45 ° 
characteristic. 

CONSTRUCT ION AND OP ERATION 

The type H-3 relay consists of a polyphase direc­

tional unit, two contactor switches,  and two opera­
tion indicators. The type HV-3 relay consists of a 

polyphase directional unit , a voltage restraint unit , 

and two indicating contactor switches. 

P olyphase D i rect iona l Un it  

This unit consists of three electromagnets, and a 

vertical sha ft with three movable loops , arranged as 

shown in figure 1 .  Each loop has its outer side lo­

cated in an air gap within the electromagnet. Each 

electromagnet has a three-legged magnetic circuit 

wound with three coils. The coils on the two outer 

legs are the voltage windings. Voltage applied to 
these coils induces a large current in the loop by 

transformer action. Current flowing thru the current 

coil on the center leg of the electromagnet produces 

an air gap flux which interacts with the loop current 

flux in the outer side of the loop and causes rotation 
of the shaft in the direction corresponding to the 

direction of flow of the alternating current power. 

One loop and its associated electromagnet make 

up one phase of the three-phase relay. With the 45 ° 
characteristic relay a delta voltage and a star current 
are applied to each electromagnet, and proper phase 

angle characteristics are obtained as follows. The 
loop, which is c onsidered as the secondary load of a 

transformer, has a much higher resistance than re­

actanc e ,  and the loop current lags the voltage applied 

to the electromagnet by an angle of 10 to 15 degrees. 

The air gap flux lags the applied current bY about 55 
to 60 degrees because of the lag loops around the 
centerpole of the electromagnet. Thus maximum torque 

occurs when the relay current leads the relay voltage 

by 45 degrees. 
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TYPES H-3 AND HV-3 RELAYS-------------------------

Fig. 

LAG LOOPS 

SPRING ADJUST ER 
FOR TYPE H-3 
RELAY ONLY 

- Schematic - Top View ol Polyphase Directional 
Unit. 

The 90° Cormection is used on the relay to give 

the required delta voltage and star current. With this 

connection one of the electromagnets will have "A 

phase" (star) current and "BC" (delta) voltage which 

for a system power factor of unity, lags the current by 

90°. lienee, with this connection and the above (45 °) 
relay characteristics ,  maximum torque is obtained 

when the system fault current is lagging its unity 
power factor position by 45 °. 

With the watt characteristic relay a star current 
and a star voltage are applied to each electromagnet. 

The air gap flux lags the applied current by about 1 0  
to 1 5  degrees because of the lag loops around the 
center pole of the electromagnet. Thus maximum 
torque occurs when the relay current leads the relay 

voltage by about 0 degree s. 

The instantaneous torque in each element of the 

relay is produced by the instantaneous products of 

voltage (loop current) and current (air gap flux) in the 

electromagnet, which is a double frequency pulsating 

torque . The torques in the other two electromagnets 

are also pulsating, but they are displaced 120 degrees 

in time phase and when all three instantaneous values 

are added, the result is a uniform non-pulsating torque. 

Two moving contacts are mounted at right angles 

to each other on the outer end of a leaf siring which 

in turn is mounted on Isolantite arm on the moving 

shaft. A stop bracket with a small cylinder partially 

2 

RED ilAitDLE 

NOTE : 
RELAY SUPPLIED FOR 90° COMIIECTI()II USIIIG 
IIITEIIIIAL PiiASIIIG 
LOOPS UNLESS OTHER­
WISE ORDERED 

COIITACTOR SWITCit -

Wlll! RELATIVE USTI.MTA­

IEOUS POlU I T I H  U SIIOMI 

TIE II,.E COtlfACT CLOSES 

UDTM£ IIO�IMi ELEMENT 

ROTlTES CDU•TER CLOCniSE 

( fOI' YIEW) 

CENTER ELEHfltT 
( F . i . )  

_ R IGHT ELEHEIIT (F.i.) 

CllASSIS OPERATED 
- SHORTING SWITCH 

EO HAIIDLE 

CURREitT TEST .JACK 

183A335 
Fig. 2 - Internal Schematic ol the Type H·3 Relay In the 

FT22 Case, 

TOP CEIITER ELEI'IEIIT -
( F . i . )  

MOTE: 
RELAY SUPPLIEO FOR 900 COIIIIECTION USIIIG 
IIIT£11.11AL PHAS ING 
LOOPS IJMLESS OTtlER­
WISE QIIOERED 

lliOICATIIIG _ 
COIITACTOR SWITCH 

WITH RELATIVE IM­
STANTAN8>US POUR 

Il lES AS SHowtt,TKE 
HAKE CONTACT 'LOSES 
AIIO THE 140VING ELE­
Mi:IHS ROTATE 
COUNTER CLOCKWISE 
(TOP VIEW) VOLTAGES 
ON RESTRAINT 
ELEMEMTS AS SHOWtl 
WITH PKA$E ROTATIDII 
A,B,C lOTATE THE 

_J RESISTORS - {25 CY. ONLY) 

- �OLTAGE RESHtA I ItT 
LOWER CENTER fLEiotfliT 

( F . V . )  

'--\-----t-'i----,od-f----1 rg��G�E��
S

i�:���t 
( F . i . )  

-VOLTAGE RESTRAINT 
LOWER R I GHT ELfMEIIT 

(F.i. ) 

TOP LEFT ELEHEIIT 
( F . i . ) 

TOP R IGHT ELEMENT 
(F. i . )  

�CHASSIS OPERATED 
SHORTING SWITCH 
RED HANDLE 
TEST SWITCH 

-CURRENT TEST JACK 
TERMINAL 

�:���1T��:�)
CLOCJC-'----'"'-'---"

f
"-
RO

-
NT

_
V
...:

I
"'
E W

_,__.=:..____,"'-""" 

182A751 

Fig. 3 - lntemal Schematic ol the Type HV·3 Relay in the 
FT32 Case. 
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TYPES H·3 AND HV·3 RELAYS 

Fig. 4 - Typical Phase Angle Curve for 45 ° Character• 
istic; 50 ancl 60 Cycle, H-3 ancl HV-3 Relays -
Balanced Three Phase Power Applied ancl No 
Spring Restraint. 

filled with tungsten powder is mounted behind each 
moving contact. When the moving contact strikes 
against the rigid fixed contact screw , the spring is 
deflected for the necessary c ontact follow, after which 
the stop strikes the moving contact. Thus , the full 
torque of the relay is transmitted thru the contacts to 
maintain full contact pressure . The particles of 
tungsten powder in the small cylinder slide over each 
other at the instant of impact and absorb the energy in 
the moving element.  A flexible metal ribbon conducts 
current to the moving contacts. 

The type H-3 relay is supplied with spring restraint 
which is adjusted to hold the contacts in the normal 
non-trip position when the relay is deenergized. This 
prevents an incorrect directional indication by the ele­

ment under the condition of loss of load. However, 
the spring restraint may be adjusted to give a bias 
torque in either direction. 

Vo ltage R e stra i nt U n it 

This element is supplied only in the type HV-3 re­
lays and consists of three electromagnets and loops 
similar to those used on the directional element. The 
restraining unit is mounted below the directional unit 
and the loops of the two units are fastened to a com-

10 

8 

2 

zo 

Type HV-3 with 
voltave restrain 

Typt H-J tJnd HV-3 with­
out voltave rutraint 

40 60 80 
3 � Dtlta Volt$ 

100 

I. L. 4 1-226.28 

120 

Curve 252147 

Fig. 5 - Typical Sensitivity Curve for 50 ancl 6Q Cycle, 
H-3 ancl HV-3 Relays - at Maximum Torque Angle. 

mon vertical shaft which operates the two contacts as 
described above. The outer coils of each electro­
magnet have one delta voltage (E1 ) applied and the 

center coil has another delta voltage (E2) applied. 
By means of the capacitor units in series with the 

outer two coils , the phase angle characteristics of the 
electromagnets are such that the torque of the element 
is proportional to : 

V 1• v 2• sin e 

where 8 is the angle between the two delta voltages 
and is normally 60° . 

If any one of the three delta voltages completely 
collapses during a fault , there is no torque on the 

electromagnet, since the collapse of the third voltage 
makes the sine of the angle between the voltages 
zero. If all three voltages decrease uniformly, the 
torque varies as the square of their magnitude. Each 
electromagnet is connected to a different combination 
of delta voltages so that a uniform restraint torque and 

balanced burdens are obtained. 

Restraint can be removed by opening any one sup­
ply lead to the restraint element. This applies single 

phase to all three electromagnets and the sine of the 
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TYPES H·3 AND HV-3 RELAYS _______________________ _ 

3.0 .05 

zo 

5 Amp•. 
15 Amps. 

JOAmp3. 
SO Amp3. 

t ·" 
40 60 80 

3 ; D�lta Voltage 
/(),? IZO 

F lg. 6 - Typical Time- Current Curves of 50 ancl 60 Cycle 
H-3 Relay for Three Phase Faults ar Maximum 

Torque Ang le. 

* angl e becomes zero. At normal voltages 10. 5 amperes 

is required in each element at maximum torque to 
overcome the restraint torque. 

Con tactor S w itches 

The d-e contactor switch in the relay is a small 
solenoid type switch. A cylindrical plunger with a 
silver disc mounted on its lower end moves in the core 

of the solenoid. As the plunger travels upward, tile 

disc bridges three silver stationary contacts. The 

coil is in series with the main contacts of the relay 

and with the trip c oil of the breaker. When the relay 
contacts close,  the coil becomes energized and closes 

the switch contacts. This shunts the main relay con­

tacts , 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 l:reaker. 

Operat ion I n d i cator 

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 completion of 

the trip circuit. The indicator is reset from outside 

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

4 

20 

15 Amps. 
JO Amps. 
50 Amp3. 

40 60 80 
3 ,  Applied Del to Volto9• 

100 120 

Fig. 7 - Typical Time- Current Curves of 50 ancl 60 Cycle 
HV-3 Relay for Three Phase Faults at Maximum 
Torque Angle. 

I n d i cat ing Contactor S w i tch U n i t  ( ICS)  - ( H V-3 o n l y) 

The d-e indicating contactor switch is a small 

clapper type device. A magnetic armature ,  to which 

leaf-spring mounted contacts are attached,  is attracted 

to the magnetic core upon 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, 

provides restraint for the armature and thus controls 

the pickup value of the switch. 

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

The types H-3 relays are provided with indepen­

dent make and break contacts . Two auxiliary con­

tactor switches - one in each contact circuit - pro­

vide seal-in circuits for the main relay contact. The 

main contacts will close 30 amperes at 250 volts d-e 

and the auxiliary c ontactors will safely carry this cur­

rent until the breaker is tripped and the auxiliary • a "  

switch opens. The c ontactor switch has a minimum 
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TYPES H-3 AND HV-3 R ELAYS _______________________ __;;.I .=L"-. -'-4 1:....;-2""'2""'"6.=2B 

F ig. 8 - Typical Time- Current Curves for 50 ancl 60 Cycle 
H-3 ancl HV-3 Relays, Without Voltage Restraint 
for Phase to Phase Faults at Maximum Torque 

A ngle - Full Voltage Collapse on Faulted Phase, 
86% Voltage on Unfaulterl Phase. 

pick-up of one ampere d-e and a coil resistance of one 

ohm. 

Typical 50 and 60 cycle phase angle character­

istics of the 45 ° characteristic relay are shown in 

figure 4 .  Maximum torque , in the contact closing 

direction, occurs when the line current lags the line­

to-neutral voltage by approximately 45 degrees, when 

using the 90 ° connection. 

Typical 50 and 60 cycle sensitivity curves maxi­

mum torque are shown in figure 5. Th e sensitivity of 

the type HV-3 relay without voltage restraint is the 

same as the type H-3 relay. The 60-cycle three phase 

minimum pick-up without spring restraint of th e type 

H-3 relay is 0 . 08 am peres at 1 1 5  volts, 0 . 1 5  ampere at 

10 volts, and 5 . 0  amperes at 1 volt. The singl e phase 

minimum pick-up currents are approximately three 

* times those for three phase. In the absence of suf­

ficient operating current, th e contacts may be he! d 

either open or closed by a toggle acting voltage - only 

torque. The affect of thi s torque is described in the 

section under "Watt Characteristic Relay Adj ustme nts. •• 

It will be noted from the curves that the sensitivity of 

the type HV-3 relay with voltage restraint is de creased 

only at voltages above 2 volts. The curves also show 

that 10 amperes 60 cycles are required at 1 1 5  volts to 

overcome voltage restraint. 

Typical time curves are shown in figures 6 to 9. 

All curves are for a contact spacing of . 03 5  inch and 

at maximum torque for 60 and 5 0  cycle relays and .070 

inch for 25 cycle relays . 

Fig. 9- Typical Time - Current Curves for SO ancl 60 Cycle 
Type HV-3 R elay Without Voltage Restraint for 

Three Phase Faults at Maximum Torque. 

T r i p  C i rc u it (HV-3 on l y) 

The main contacts will safely close 30 amperes at 

250 volts d-e and the seal-in contacts of the indicat­

ing c ontactor switch will safely carry this current long 

enough to trip a circuit breaker. 

The indicating contactor switch has two taps that 

provide a 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. 

T ri p  C i rc u it C on sta n t  (HV-3 o n l y )  

Indicating Contactor Switch (ICS) 

0.2 ampere tap 6.5 ohms d-e resistance 
2.0 ampere tap 0 . 15 ohms d-e resistance 

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 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 
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TYPES H-3 AND HY-3 R E LAYS _______________________ _ 

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. 

41-076. 

A DJUST M ENT S AND M A INT EN ANC 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 adjust­

ments at regular maintenance periods , the instructions 

below should be followed. 

All contacts should be cleaned periodically. A 

contact burnisher S#l82A836H01 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. 

Adjust the lower bearing so that both the top and 

bottom of the loops are equi-distant from their re­

spective magnetic circuits. Energize the potential 

circuits of the relay until the loops reach operating 

temperature. About ten minutes at normal voltage is 

necessary to reach this condition. When the operating 

temperature is reached, adjust the upper bearing for 

1/64 inch clearance. 

The loops of each element must be in line with 

the center of the middle leg of the magnetic circuit. 

If necessary, this adjustment can be obtained by loos­
ening the electromagnet mounting screws and moving 
the whole electromagnet in the desired direction. All 

three elements must have the same relative position 

of loop and magnetic circuit. 

Type H -3 R e lay 

The polarity of the relay is checked as follows :  

Refer to figure 2 and applY 1 15 bolts and 5 amperes 

(in phase) to the corresponding voltage and current 

coils in turn, with the terminals marked with polarity 

marks connected together. Looking at the top of the 

relay, the moving element should rotate in a counter­

clockwise direction. 

Adjust the back-up strip located in front of each 

moving contact by bending so that it just touches the 

contact spring when the contacts are open. Adjust 

the small cylinder behind the moving contact to obtain 

6 

.009 inch contact follow. This is done by advancing 

the cylinder until it just touches the rear of the mov­

ing contact spring, and then backing off 1 /2 turn. 

45 ° Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 

adjuster. App!y s ingle-phase current of 50 amperes 
with polarities as shown on internal schematic diagram 

to the current coils which should be connected in 
series. Each potential coil should be short-circuited. 

When energized the relay moving element will center 
itself due to the combined torques produced by the 50 

amperes of current and the spring restraint. Readjust 

the spring adjuster until the centering position of the 

moving element is exactlY the same for the condition 

of zero current or with 50 amperes in the current coils. 

Under this condition the torque produced by the spring 

at the centering position is zero and does not tend to 

" offset" or shift the centering position due to the 

current. This final centering position will be called 

the neutral position. With the moving element in the 

neutral position adjust each stationary contact for 

.015 inch contact spacing and lock in this position for 

60 and 50 cycle relays and .035 inch for 25 cycle 
relays. 

There are two adjustable stop screws located on 

the frame casting. These stops are used when the re­

lay is supplied with two circuit closing contacts and 

perform the same function as the stops on the moving 

contact assembly. 

Watt Characteristic Relay Adjustments 

Remove spring restraint by adjusting the spring 

adjuster. App!y single-phase potential of 67 volts 

with polarities as shown on internal schematic diagram 
to the potential coils which should be connected in 
parallel. Each current coil should be open-circuited. 

When the potential circuits are deenergized the moving 

element will tend to be centered by the spring. When 

the potential circuits are energized the moving ele­

ment may move either to the right or to the left. If 
under this condition the moving element moves the 

contacts to the right, the spring should be readjusted 

to move the deenergized spring centering position of 

the moving element to the left. If under this con­

dition the moving element moves the contacts to the 

left, the spring should be readjusted to move the de­

energized spring centering position of the moving ele­

ment to the right. Continue to shift the centering 

position of the spring until a small movement of the 

spring adjuster will cause the moving element to move 

in one direction when the potential is applied and a 

small movement in the other direction will cause the 
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TYPES H-3 AND HV-3 R ELAYS ______________________ ___;I�. L::..· ..:..4.:.:.1·=22:..:::6.=;.1B 

moving element to move in the opposite direction. 

This final centering position will be called the neutral 
position. With the moving element in the neutral posi­
tion adjust each stationary contact for .015  inch con� 

tact spacing and lock in this position for 60 and 50 

cycle relays and .035 inch for 25 cycle relays . 

Type HV-3 R e l a y  

The tests outlined for the type H-3 45° character­

istic relay also apply to the HV-3 relay when the 

voltage restraint circuit is not connected. To make a 

complete check on the type HV-3 relay with all cir­

cuits connected,  involves three-phase test source ,  

phase shifter , potentiometers , and non-inductive re­

sistors for controlling the voltage and current to the 

relay respectively. This test will permit checking of 

all the charr.cteristics of the relay at the proper phase 

angle . This test procedure however is usually too 

complicated for routine field testing. The complete 

test may be simplified for field testing by the follow­

ing modifications . Apply three phase restraining 

voltage to the restraining element and single phase 
to all three phases of the directional element. For 

the latter ele ment the potential coils are all c on­

nected in parallel and the current coils are connected 

in series. With a non-inductive load, the relay will be 
operating about 45 ° away from its maximum torque 

position and consequentlY current values to trip a 
given voltage will be increased by about 30%. Since 
the combination of three-phase restraining torque and 

single-phase operating torques on all three elements 

produces some unbalanced torque in the moving ele­

ment, it is recommended that tests be made at a re­

duced voltage (65 volts or less). With 65 volts ap­

plied to voltage restraint elements , about 8 amperes 

is required at unity power factor to make the relay 
operate . 

To check the circuits thru the voltage restraint 

element, the relay should be energized at normal 

voltage for about 1 0 minutes . The potential circuit of 
the directional element should then be opened. Then 

open the phase A potential to the voltage restraint 
unit and observe the torque produced on the moving 

element,  if any. Replace A lead and remove the B 

lead and again observe the torque . Repeat for the C 

lead and in all cases there should be no torque or a 

very slight torque present. Any defects in the coils 

or capacitors of the voltage restraint circuits will be 

made apparent by the presence of excessive torque 

during this test. 

C ontactor Sw � tch  

Adjust the stationary core of the switch for a clear-

ance between the stationary core and the moving core 
when ttle switch is picked up. This can be most con­
veniently 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 mov­

ing 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 co!'e because of resid­

ual 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 1 am­

pere d-e . Test for sticking after 3 0  amperes d-e have 

been passed thru the coil. The coil resistance is 

approximatelY 1 . 0  ohm. 

O perat ion  I n d i cator 

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 s lightly by stretching to obtain 

the 1 ampere calibration. The coil resistance is ap­

proximately 0.16 ohm. 

I n d i cat ing  Contactor  S w itch ( ICS)  - (HV-3 on ly)  

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 

gre ater than the particular ICS tap setting being used. 
The indicator target should drop freely. 

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 

furnished to the customers who are equipped for doing 

repair work. When ordering parts, always give the 

complete nameplate data. 

E N E R G Y  R E Q U I R E M E M E N T S  

The burdens and constants of the relays are as 

follows per phase : 
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TYPES H-3 AND HV-3 RELAYS _______________________ _ 

Resistance (ohms ) 
Reactance (ohms ) 

Impedance (ohms) 

Watts 
Vars 
Voltamperes 

Power Factor 

T Y P E S  H-3, HV-3, 45 ° C HA R A C T E R IS T IC R E LA Y  

VA L U ES AT 1 20 V O L T S, 5 A M P E R E S, 60 C Y C LE S  

Type H-3 

C u rrent Vo l tage C u rrent 

C i rcu i t  C i rcu i t  C i rcu i t  

0. 050 2070 0 . 050 

0 . 0 5 2  1530 0 .052 

0. 072 2580 0. 072 

1 . 25 4 . 59 1 . 25 

1 . 29 3 . 40 1 . 29 

1 . 82 5 . 7 1  1 . 8 2  

4 6 °  lag 36.5° lag 46° lag 

Continuous Rating (Amperes or Volts ) 5 1 20 5 

One Sec ond Current (Amps . )  230 . . . 230 
-··------------------ � --·- - " ---�--

VA L U ES AT 120 V O L TS, 5 A M P E R E S, 50 C Y C L E S  

Resistance (ohms ) 
Reactance (ohms) 
Impedance (ohms ) 

Watts 
Vars 
Voltamperes 
Power Factor 

Continuous Rating (Amperes or Volts ) 

One Second Current (Amps . )  

8 

Type H-3 

C urrent 

C i r c u i t  

0 . 0488 
0 . 0349 
0 . 06 0  

1 .22 
.87 

1 .5 
3 3 .5 ° lag 

5 
230 

Vol tage 

C i rc u i t  

2560 
975 
2740 

4 .89 
1 . 86 
5 . 23 
2 0 . 8 °  lag 

1 20 

. . . 

C u rrent 

C i rcu i t  

0 . 0488 
0 . 0349 
0. 060 

1 . 22 
.87 

1 . 5  
3 3 . 5  ° lag 

5 

230 

Type HV-3 

V o l tage 

C i rcu i t  

( D i rect ional )  

2070 
1530 
2580 

4 . 59 
3 . 40 
5 . 7 1  
36° lag 

1 20 

. . . 

Type HV-3 

Voltage 

C i r c u i t  

( D i rect ion a l )  

2560 
975 
2740 

4 . 89 
1 .86 
5 . 23 
20. 8 °  lag 

1 20 
. . . 

R estra i n t  

C i r c u i t  

* 1 480 
1840 
2360 

3 . 8 4  
4 . 75 
6. 1 
5 1° lag 

120 
. . .  

R estra i n t  

C i r c u i t  

2720 

1570 
3 1 40 

3 .44 
2 .00 
3 . 98 
3 0. 1 °  lag 

1 20 
. . . 
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TYPES H·3 AHD HV·3 RELAYS -----------------------1-· L_. 4_1_-2_26_·2_8 

T Y P E  H-3, WAT T  C H A R A C T E R IS T I C  R E L A Y  

V A L U ES AT 1 20 V O L T S, 5 A M P E R E S, 60 C Y C L E S  

Type  H-3 

Resistance (ohms) 

Reactance (ohms) 

Impedance (ohms 

Watts 

Vars 
Voltamperes 
Power Factor 

Continuous Rating (Amperes or Volts ) 
One Second Current (Amps . )  

C u rrent 

C i rcu i t  

. 028 

. 0 1 92 

. 034 

.70 

.48 

. 85 
3 4 . 5  ° lag 

5 
230 

'----�� 

T Y P E S  H-3, HV-3,  45 ° C HA RA C T E R I S T I C  R E L A Y  

VA L U E S  AT 1 20 V O L TS, 5 A M P E R E S, 25 C Y C L E S  

Resistance (ohms) 
Reactance (ohms) 
Impedance (ohms ) 

Watts 
Voltamperes 
Power Factor 

Continuous Rating 
One Second Rating 

Type H-3 

C urrent 

C i rcu i t  

. 03 80 

.01 92 

.0420 

.94 
1 . 05 
2 6 °  lag 

5 
230 

Vo ltage 

C i rcu i t  

3 83 0  
3 200 
5 000 

2.20 
2 . 88 
4 0 °  

120 
. . . 

lag 

Type HV-3 

Vo ltage 

C urrent C i rc u i t  

C i rcu it ( D i rectiona l )  

.0380 3830 

. 0 1 92 3200 

.0420 5 000 

. 94 2 .20 
1 . 05 2.88 
26 ° lag 40° lag 

5 1 20 
230 . . .  

Vo ltage 

C i r c u i t  

2740 

1440 

3 100 

4 : 09 
2. 1 4  
4 .62 
27.8 ° lag 

120 

Restra int  

3 980 
990 
4 1 00 

3 .3 9  
3 .5 0  
14 0 

120 
. . . 

lag 
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TYPES H-3 AND HV-3 R ELAYS _______________________ _ 

14 

.1:!10-.32 SCREW 
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PANEL USE 
.li - 18 .5TUD) \Q. 

190-32 SC!CEW (FOliO! THICK. 
'PANEL \.JSE. 
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j_ __ 

TERI't11NAL NUMBE2 

T E R MI NAL AND MoVNTIN� O E.T A I LS 

NOTE � ALL DI MENS IONS 
IN INCHES 

_L DIA. 4 H OL.E& FOit 4 .190-3cMT<:l. SCE'E:WS 

PANE L CUTO U T � DRILLINc;;" FOR SEMI-FLUS H MT�. _,2_4 DIA . 20 HOLES OR CUTOVT 

PANEL. D R ILLING. Ot< CUTOUT F'OR 
PROJECTION MT�. 

(FRONT VIEW) 

9 16 DIA. 2HOLES 

3 
gR . 

183Al58 

Fig. 14 - Outline ana Drilling Plan lor the H-3 Relay in tbe FT22 Case. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES H-3 AND HY·3 RELAYS _____________________ ____::• ·:.=L:_· ".:....:'__::-2:.::26:.:..:. 2:::8_ 
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* Fig. 15 - Outll- anJ Drilling Plan for tile HV-3 Rela, In tile FT32 Case. 
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