INSTALLATION

Westinghouse 1.L. 41-226.2C
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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.

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 triangles
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 reducesS 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 friangle
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 conneected t®» open any one of
the leads to the voltage restraint ‘€lement.

The direction of power, flow for both phase and
ground faults can be Metected with these relays. To
obtain correct operation during ground faults, it is
necessary that’ thejyminimum current in the faulted
conductor be''at léast twice the maximum load current
flow (with no,voltageé 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
correctuground fault protection. Low ground current
oceéurs, most frequently on impedance grounded sys-
tems. Where positive directional indication cannot be
obtained under all system conditions, it is recom-

SUPERSEDES I.L. 41-226.2B

*Denotes change from superseded issue.

mended that a separatef ground directional relay be
used.

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

CONSERUCTION AND OPERATION

The {type” H-3 relay consists of a polyphase direc-
tionaljunit, two contactor switches, and two opera-
tien indicators. The type HV-3 relay consists of a
polyphase® directional unit, a voltage restraint unit,
and two indicating contactor switches.

Polyphase Directional Uait

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. 1 — 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 “BC” (delta) voltage which
for a system power factor of unity, lags the currentyby
90°. Hence, with this connection and the above (45 °)
relay characteristics, maximum torque is gobtained
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 appliedscurrentyby about 10
to 15 degrees because of the lag loops around the
center pole of the electromagnetiwsThus maximum
torque occurs when the relay cuirrént leads the relay
voltage by about 0 degrees.

The instantaneotts torque“dn each element of the
relay is produced“by Ahe instantaneous products of
voltage (loop current) and .urrent (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, ‘théwesult 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
ingturn, is" mounted on Isolantite arm on the moving
shaft. “A stop bracket with a small cylinder partially
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Fig. 2 - Internal Schematic of the Type H-3 Relay in the
FT22 Case,
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Fig. 3 - Internal Schematic of the Type HV-3 Relay in the
FT32 Case.

e



TYPES H-3 AND HV-3 RELAYS

I.L. 41-226-2€

13

100

10|

g 6
¢ :
< Type HV-3 with
" 4 age restrainti]
] 1
2 -
Type -3 and HV3 with-
= out voltage restraint
- T T T T T
| 8 YuEal T T SN SNUNNARARESEARES
| 3\ 4l 1 T T T ey
ot tH
[ 20 60 80 100 120
3 ¢ Delta Volts
Curve 252147

Fig. 4 — Typical Phase Angle Curve for 45° Charactef-
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 each
moving contact. When the moving contactystrikes
against the rigid fixed contact screw, ‘the spring is
deflected for the necessary contact followg after which
the stop strikes the moving contact.y Thus, the full
torque of the relay is transmitted thru the contacts to
maintain full contact pressurey The particles of
tungsten powder in the small‘eylinder 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 c6éntacts.

Thetype Hs3 relayisssupplied with spring restraint
which is adjiisted, to held the contacts in the normal
non-trip position when the relay is deenergized. This
prevents an incorreét 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.

Vaoltage\Restraint Unit

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-

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 (El) 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:

Vl. V2. sin 6

where 9 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

3
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angle becomes zero. At normal voltages 10.5 amperées
is required in each element at maximum torqueiyto
overcome the restraint torque.

Contactor Switches

The d-c contactor switch in the relay isf'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 eontaets. The
coil is in series with the main contactshef the relay
and with the trip coil of the breaker. When the relay
contacts close, the coil becomesgenergized and closes
the switch contacts. This shunts the main relay con-
tacts, thereby relieving them“of the duty of carrying
tripping current. These contaets remain closed until
the trip circuit is ©Opened by the auxiliary switch on
the breaker.

Operation Indicator

The operation indicator is a small solenoid coil
connected in“the,trip circuit. When the coil is ener-
gized, a“Spring-restrained armature releases the white
target which falls by gravity to indicate completion of
the trip“eircuit. The indicator is reset from outside
of, theacase by a push rod in the cover or cover stud.

4

Fig. 74~ Typical Time — Current Curves of 50 and 60 Cycle
HV-3 Relay for Three Phase Faults at Maximum
Torque Angle.

Indicating Contactor Switch Unit (ICS) —= (HV-3 only)

The d-c 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.

CHARACTERISTICS

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-c
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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pick-up of one ampere d-c 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)thefline-
to-neutral voltage by approximately 45 degrees,ywhen
using the 90° connection.

Typical 50 and 60 cycle sensitivity ¢urves maxi-
mum torque are shown in figure 5. f'he sensitivity of
the type HV-3 relay without veltage restraint is the
same as the type H-3 relay. The 60-cycle three phase
minimum pick-up without sprifig, restraint of the type
H-3 relay is 0.08 amperes af 115 Velts, 0.15 ampere at
10 volts, and 5.0 amperesgat 1"%edt. The single phase
minimum pick-up currents are approximately three
times those for three,phase«'In the absence of suf-
ficient operating current,4the contacts may be held
either open or closedby astoggle acting voltage — only
torque. Theaffect ‘of, this torque is described in the
sectionunder ‘‘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 required at 115 volts to
overeome voltage restraint.

Typical time curves are shown in figures 6 to 9.
All eurves 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.
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Trip Circuit (HV-3 only)

The main contacts will safely close 30 amperes at
250 volts d-c 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.

Trip Circvit Constant (HV-3 only)
Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c 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 mountingholes 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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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 res
spective magnetic circuits. Energize the potential
circuits of the relay until the loops reach operating
temperature. About ten minutes at normal voltage 1is
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 dn line awith
the center of the middle leg of the magnetie, circuit.
If necessary, this adjustment can be, obtained by loos-
ening the electromagnet mounting serews 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 #he relay“is checked as follows:
Refer to figure 2 and apply 415 bolts and 5 amperes
(in phase) to the corrésponding 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 coentact by bending so that it just touches the
contaét 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 thé mov&
ing contact spring, and then backing off 1/2%urn.

45° Characteristic Relay Adjustments

Remove spring restraint by adjusting the “spring
adjuster. Apply single-phase current of,50 amperes
with polarities as shownoninternal sehematic diagram
to the current coils which should“ibe “connected in
series. Each potential coil shouldybe 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 untilythe “€entering position of the
moving element is exactly the same for the condition
of zero current or with 50pamperes in the current coils.
Underthis condition/theytorque produced by the spring
at the centeéring position is zero and does not tend to
“offset® or shiftythe centering position due to the
current{ This final centering position will be called
the neutral‘position. With the moving element in the
neutral pesition adjust each stationary contact for
.0154inch contact spacing and lock in this position for
60mand 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 shownon 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

A
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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 cons
tact spacing and lock in this position for 60 and 50
cycle relays and .035 inch for 25 cycle relays.

Type HV-3 Relay

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 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 toftrip a
given voltage will be increased by about 30%. Since
the combination of three-phase restrainifightorque and
single-phase operating torques on all three jelements
produces some unbalanced torque ifi the “méving ele-
ment, it is recommended that 4ests,be made at a re-
duced voltage (65 volts or less)a With 65 volts ap-
plied to voltage restraint elements,“@about 8 amperes
is required at unity powerfactor,to make the relay
operate.

To check the circuits thru the voltage restraint
element, the relay gshould®™be energized at normal
voltage for about 10 minutes. The potential circuit of
the directional elementyshould then be opened. Then
open the phase,A potential to the voltage restraint
unit and ©bserve 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 €orque 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 Switch

Adjust the stationary core of the switchfor a clear-

ance between the stationary core and the noving/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_eontact assembly is
taken up, and where the, moving ,core just separates
from the stationary core screw. Back off the station-
ary core screw one turfl 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. Adjustithe contact eclearance for 3/32
inch by meansg6f,the®two small nuts on either side of
the Micarta disc. The switch should pick up at 1 am-
pere d-c. f/Festfor sticking after 30 amperes d-c have
been paSsed ‘thru the coil. The coil resistance is
approximately/1.0 ohm.

Operation Indicator

Adjust the indicator to operate at 1.0 ampere d-c
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.

Indicating Contactor Switch (ICS) = (HV-3 only)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greater than the particular ICS tap 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, HV-3, 45° CHARACTERISTIC RELAY
VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES
Type H-3 Type HV-3
Voltage
Current Voltage Current Circuit Restraint
Circuit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.050 2070 0.050 2070 %1480
Reactance (ohms) 0.052 1530 0.052 1530 1840
Impedance (ohms) 0.072 2580 0.072 2580 2360
Watts 1.25 4.59 1.25 4.59 3.84
vars 1.29 3.40 1.29 3.40 4.75
Voltamperes 1.82 5.71 1.82 5.7 6.1
Power Factor 46° lag 36.5° lag 46° lag 36° lag 51°lag
Continuous Rating (Amperes or Volts) 5 120 5 120 120
One Second Current (Amps.) 230 230
fngw&,
VALUES AT 120 VOL TS, 5 AMPERES, 50 CYCLES
Type H-3 Type HV-3
Voltage
Cutrent Voltage Current Circuit Restraint
Circulit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.0488 2560 0.0488 2560 2720
Reactance (ohms) 0.0349 975 0.0349 975 1570
Impedance (ohms) 0.060 2740 0.060 2740 3140
Watts 1.22 4.89 1.22 4.89 3.44
Vars .87 1.86 .87 1.86 2.00
Voltamperes 1.5 5.23 1.5 5.23 3.98
Power Factor 33.5%lag | 20.8° lag 33.5° lag 20.8° lag 30.1° lag
Continuous Rating{Amperes or Volts) 5 120 5 120 120
One Second Current (Amps.) 230 230
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TYPE H-3, WATT CHARACTERISTIC RELAY < ’

VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES

Type H-3 L 4
Current ol
Circuit \ i
Resistance (ohms) .028 4
Reactance (ohms) .0192 0
Impedance (ohms .034 00
Watts .70 4:09
vars 4 2.14
Voltamperes . 4.62
Power Factor ° lag 27.8° lag
Continuous Rating (Amperes or Volts) 5 120
One Second Current (Amps.) 0
TYPES H- ’ 45° CHARACTERISTIC RELAY
VALUES 1 OLTS, 5 AMPERES, 25 CYCLES
e H-3 Type HV-3
Voltage
1 4 rrent Voltage Current Circuit Restraint
Circuit Circuit Circuit (Directional)
Resista (o ) || .0380 3830 .0380 3830 3980
React ) .0192 3200 .0192 3200 990
Impedance (ohms) .0420 5000 .0420 5000 4100
W, .94 2.20 .94 2.20 3.39
mperes 1.05 2.88 1.05 2.88 3.50
actor 26°lag | 40° lag || 26° lag 40° lag 14° lag
Continuous Rating || 5 120 5 120 120
e Second Rating [ 230 - 230 v -

L 4
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DEVICE NUMBER CHART

50 - INSTANTANEOUS OVERCURRENT RELAY,TYPE. SC, THREE UNIT
32 - POLYPHASE DIRECTIONAL RELAY, TYPE H-3
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94 - AUXILIARY TRIPPING RELAY, TYPE SG
52 - POWER CIRCUIT BREAKER
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DEVICE NUMBER CHART

51 - OVERCURRENT RELAY, TYPE CO
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52 - POWER CIRCUIT BREAKER
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TYPES H-3 AND HV-3 RELAYS
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Fig. 14 — Outline and Drilling Plan for the H-3 Relay in the FT22 Case.

Ay,

o,



TYPES H-3 AND HV-3 RELAYS

I.L. 41-226.2C

12 | ]
2 e ’* l‘ 3
; ' y —r i
Y S
T -
~ i ]
o)
' +
13
—'N
¥ B
L -B-
4» l || B
™ % al !
-3 3 " "
¢

o T §

!
PPN |
|
PANEL LOCATION
SEMI-FLUSH MTG.

PROJECTION MTG.

i
o

EE’F/‘SO%Z SCREW

e > PANE|_

-1 DIA.

Y
J ¥

L
8

.

a5 Ty

8

PANEURCJTOUT § DRILLING
FOR SEMI-FLUSH MTG.

190~32 MTG.SCREWS

4HOLES FOR

F DIA.20HQLES
"ORCUT QUT

TERMINAL NUMBER

NOTE - ALL DIMENSIONS

IN INCHES

SPACER FOR
THIN PANELS
F
,—%-IB SCREW n:_o "
(FOR THICK  Cig l 3 Y- DIA.
] PANEL USE/ l - sg—*//°
mlind 2-18 STUD) L4 2 HOLES
: * Y
190-32 SCREW - —»l ..__i:-
i TR INKWNS 7 f ettt Lot -} 2q
SE.190 - e Rty 3t Sz"] o
Lft—f%:f l JQ | ™| yan.
Tk . ‘ {T

PANEL DRJLLING OR CUTOUT FOR

PROJECT MTG-
FRONT VIEW

57-D-7903

Fig. 15 — Outline and Drilling Plan for the HV-3 Relay in the FT32 Case.

15



L 4

@TINGHOUSE ELECTRIC CORPORATION
LAY-INSTRUMENT DIVISION NEWARK, N. J.



INSTALLATION

Westinghouse
e OPERATION o

I.L. 41-226.2€
MAINTENANCE

INSTRUCTIONS

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.

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 preduced
to prevent operation of the relay on normal{load cur-
rent flow. Any fault on the system reducesjthé area
of the voltage triangle, and consequently“the amount
of restraint. At the same time the currentyin the relay
increases and the relay operates if the/fault(is in the
contact closing direction. Since thegvoltage triangle
does not collapse as much on ground faults as it does
on phase faults, it is desirable o remove voltage re-
straint on ground faults. This(may‘easily be done by
an instantaneous overcurrent ground relay (type SC)
with its back contacts conneeéted to open any one of
the leads to the voltage restraint element.

The direction of power flow for both phase and
ground faults can bg detected with these relays. To
obtain correct “operation/during ground faults, it is
necessary that thejminimum current in the faulted
conductor sbe atfleast twice the maximum load current
flow (with ‘nefvoltage 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
beyatileast 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. 41-226.2B

*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°
characteristict

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.

EFFECTIVE FEBRUARY 1966



TYPES H-3 AND HV-3 RELAYS

SPRING ADJUSTER
FOR TYPE H-3
RELAY ONLY
LAG LOOPS
VOLTAGE
CoiL
FRAME
STOP
ARM / ALEggyM
NON 7 I
BOUNCE: -
CONTACT ] CURRENT
=9 colL
MAGNETIC —
CIRCUIT

RED HANOLE ———}
{— CENTER ELENENT
(F.v.)

NOTE !

RELAY SUPPLIED FOR
90° CONNECTION USING
INTERNAL. PHASING
LOOPS UNLESS OTHER-
WISE ORDERED

CONTACTOR SWITCH — — | - RIGHT ELEMENT
{F.¥.)
OPERATION INDICATOR. |

| _CHASSIS OPERATED
SHORTING SWITCH

LEFT ELEMENT
{F.¥.)

—RED HANOLE

~-TEST SWITCH

I~-CURRENT TEST JACK

WITH WELATIVE 1NSTANTA
WEOUS POLARITIES AS SHOWN
THE WAXE CONTACT CLOSES
AND TWE MOVING ELENENT
ROTATES COURTER CLOCKWISE
1T0P ViEW)

F—TERMINAL

FRONT VIEW

183A335

Fig. 1 — 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 “BC® (delta) voltage which
for a system power factor of unity, lags the current by
90°. Hence, with this connection and the above (@5°)
relay characteristics, maximum torque is gbtained
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 eachielectromagnet.
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 cuftrent leads the relay
voltage by about 0 degrees.

The instantaneous torque in’ each element of the
relay is produced byathe instantaneous products of
voltage (loop current) andjetirrent (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 4urn “is mounted on Isolantite arm on the moving
shaft. A stop bracket with a small cylinder partially

2

Fig. 2 < Interndl Schematic of the Type H-3 Relay in the
FT22 Case.

| RESISTORS
(25 CY. ONLY)

1 VOLTAGE RESTRAINT

TOP CENTER ELEMENT _
(F.v.) . LWER(CENTgR ELEMENT
- FoV.

NOTE:

RELAY SUPPLIED FOR
90° CONMECTION USING
INTERNAL PHASING
LOOPS UNLESS OTHER-
WISE ORDERED

|- VOLTAGE RESTRAINT
LOWER LEFT ELEMENT
(F.v.)

~-VOLTAGE RESTRAINT
LOWER RIGHT ELEMENT
(F.v.)

b3

_— TOP LEFT ELEMENT
(F.v.)

INDICATING ]
CONTACTOR SWITCH

TOP RIGHT ELENENT
(F.v.)

WITH RELATIVE IN-
STANTAREOUS POLAR
ITIES AS SHOWN, THE
MAKE CONTACT CLOSES
AND_THE MOV ING ELE-
MENTS ROTATE
COUNTER CLOCKWISE o RED HANDLE
(T0P VIEW) VOLTAGES || LLTesT switc
2:525:;2‘:?5“0“ L | | CURRENT TEST JACK
WITH PHASE ROTATION TERMINAL

CHASSIS OPERATED
SHORTING SWITCH

A,B,C ROTATE THE
MOVING ELEMENT CLOCK-K
WISE (TOP YIEW)

FRONT VIEW

182A751

Fig. 3 — Internal Schematic of the Type HV-3 Relay in the
FT32 Case.

£

A iy

A

P
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I.L. 41-226;2C
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Curve 252147

Fig. 4 — Typical Phase Angle Curve for 45° Charactér*
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 ‘each
moving contact. When the moving contaet 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 pressure. The particles of
tungsten powder in the smallycylinder 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 movingscontaets.

Thetype H-3"telayisssupplied with spring restraint
which is adjusted toyhold the contacts in the normal
non-trip position when the relay is deenergized. This
prevents an incorréct 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.

Violtage Restraint Unit

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-

Fig. 5 — Typical Sensitivity Curve for 50 and 6Q Cycle,
H-3 and HV-3 Reloys — 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 (El) applied and the
center coil has another delta voltage (E5) 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:

Vlo V2o sin 6

where 6 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

3
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angle becomes zero. At normal voltages 10.5 amperes
is required in each element at maximum torquegto
overcome the restraint torque.

Contactor Switches

The d-c contactor switch in the relay is @“Small
solenoid type switch. A ecylindrical plunger with' |a
silver disc mounted on its lower end moves ‘in, theéséore
of the solenoid. As the plunger travels upward, the
disc bridges three silver stationary¢ontaets. The
coil is in series with the main contactsWefpthe 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 contaets remain closed until
the trip circuit is opened¢by the auxiliary switch on
the breaker.

Operation Indicator

The operation indicator is a small solenoid coil
connected inMheotrip circuit. When the coil is ener-
gized, a spring-restrained armature releases the white
target whieh falls by gravity to indicate completion of
the tripeircuit. The indicator is reset from outside
of theycase by a push rod in the cover or cover stud.

4

Fig. 7 = Typical Time — Current Curves of 50 and 60 Cycle
HV-3"Relay for Three Phase Faults at Maximum
Torque Angle.

Indicating Contactor Switch Unit (ICS) — (HV-3 only)

The d-c 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.

CHARACTERISTICS

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-c
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

A,
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pick-up of one ampere d-c and a coil resistance of one
ohm.

Typical 50 and 60 cycle phase angle character-
istics of the 45° characteristic relay are shewn’ in
figure 4. Maximum torque, in the contaet closing
direction, occurs when the line current lags,the line-
to-neutral voltage by approximately 45 degreesp when
using the 90° connection.

Typical 50 and 60 cycle sensitivity/curves maxi-
mum torque are shown in figure 54 Thegsensitivity 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 type
H-3 relay is 0.08 amperes atyl15 velts, 0.15 ampere at
10 volts, and 5.0 amperg§ at 1'wolt. The single phase
minimum pick-up currents are approximately three
times those for threemphaseé. In the absence of suf-
ficient operating current, the contacts may be held
either open or closed bysa toggle acting voltage —only
torque. Theé affect“of this torque is described in the
section under 4Watt €haracteristic Relay Adjustments.”*
It will be noted frdom 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 torquefor 60 and 50 cycle relays and .070
inch for 25 cycle relays.
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Figuy9 >~ Typical Time — Current Curves for 50and 60 Cycle
Type HV-3 Relay Without Voltage Restraint for
Three Phase Faults at Maximum Torque.

Trip Circuit (HV-3 only)

The main contacts will safely close 30 amperes at
250 volts d-c 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.

Trip Circuit Constant (HV-3 only)
Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c 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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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 Iine with
the center of the middle leg of the maghnetiehcircuit.
If necessary, this adjustment can bejobtained 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 i$ checked as follows:
Refer to figure 2 andpapply 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 moying 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
contacty 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 advaneing
the cylinder until it just touches the rear of thel mov-
ing contact spring, and then backing off 1/2 turns

45° Characteristic Relay Adjustments

Remove spring restraint by adjusting the spring
adjuster. Apply single-phase current ofgd0 amperes
with polarities as shown oninternal,schematic diagram
to the current coils which should be, connected in
series. Each potential coil sheuld 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 fhe torque produced by the spring
at the centeringyposition is zero and does not tend to
“offset®” or shift ‘the centering position due to the
current. ““Thisyfinal centering position will be called
the neutral pesition. With the moving element in the
neutralp position adjust each stationary contact for
.015 ineh 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 shownon 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

AE
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l.L. 41-226.2C

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 Relay

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 therelay 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 connegted
in series. With a non-inductive load, the relaypwill be
operating about 45° away from its maximum terque
position and consequently current valueshtoftrip a
given voltage will be increased by abouty30%.%Since
the combination of three-phase restraining terque and
single-phase operating torques on alll threepelements
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). WWith 65 volts ap-
plied to voltage restraint elements, about 8 amperes
is required at unity poweryfaetor 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 directionalyelement should then be opened. Then
open the phase Aypotential to the voltage restraint
unit and 40bserve the” torque produced on the moving
element, ifyany. 4Replace A lead and remove the B
lead and againpobserve 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 apacitors 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 switchfor a clear-

ance between the stationary core and the moving core
when the switch is picked up. This cdn 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 indieates the point
where the play in the moying contact assembly is
taken up, and where the moving \core just separates
from the stationary core Serewss*Back off the station-
ary core screw one turA%beyond this point and lock in
place. This prevents the moving core from striking
and sticking to th€ystatienary core because of resid-
ual magnetism. sjAdjustythe contact elearance for 3/32
inch by means_of thefwo small nuts on either side of
the Micarta disc.%The switch should pick up at 1 am-
pere d-c. Test for sticking after 30 amperes d-c have
been passed, thru the coil. The coil resistance is
approximately 1.0 ohm.

Operation Indicator

Adjust the indicator to operate at 1.0 ampere d-c
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.

Indicating Contactor Switch (ICS) —~ (HV-3 only)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greater than the particular ICS tap 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, HV-3, 45° CHARACTERISTIC RELAY
VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES
Type H-3 Type HV-3
Voltage
Current Voltage Current Circuit Restraint
Circuit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.050 2070 0.050 2070 * 1480
Reactance (ohms) 0.052 1530 0.052 1530 1840
Impedance (ohms) 0.072 2580 0.072 2580 2360
Watts 1.25 4.59 1.25 4.59 3.84
Vars 1.29 3.40 1.29 3.40 4.75
Voltamperes 1.82 5.71 1.82 5.1 6.1
Power Factor 46° lag 36.5° lag 46° lag 36° lag 51°lag
Continuous Rating (Amperes or Volts) 5 120 5 120 120
One Second Current (Amps.) 230 230
VALUES AT 120 VOLTS,/5"AMPERES, 50 CYCLES -
Type H<3 Type HV-3
Voltage
Current Voltage Current Circuit Restraint
Circuit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.0488 2560 0.0488 2560 2720
Reactance (ohms) 0.0349 975 0.0349 975 1570
Impedance (ohms) 0.060 2740 0.060 2740 3140
Watts 1.22 4.89 1.22 4.89 3.44
Vars .87 1.86 .87 1.86 2.00
Voltamperes 1.5 5.23 1.5 5.23 3.98
Power Factor 33.5%°lag | 20.8° lag 33.5° lag 20.8° lag 30.1° lag
Continuous Rating (Amperes or,Volts) 5 120 5 120 120
One Second Current{(Amps.) 230 230
R,
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TYPE H-3, WATT CHARACTERISTIC RELAY 0
VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES
Type H-3 @
Current
Circuit
Resistance (ohms) .028 4
Reactance (ohms) .0192 @ (0
Impedance (ohms .034 00
Watts .70 4.09
Vars .48 2.14
Voltamperes 85 4.62
Power Factor 52 1 27.8° lag

Continuous Rating (Amperes or Volts) 5 120
One Second Current (Amps.) -
TYPES H- A 45° CHARACTERISTIC RELAY
VALUES 1 OLTS, 5 AMPERES, 25 CYCLES

‘ e H-3 Type HV-3
Voltage
L 2 rent Voltage Current Circuit Restraint
ircuit Circuit Circuit (Directional)
Resista (o .0380 3830 .0380 3830 3980
Reacta ) .0192 3200 .0192 3200 990
Impedance (éhms) .0420 5000 .0420 5000 4100
W 94 2.20 94 2.20 3.39
\"% peres 1.05 2.88 1.05 2.88 3.50
\ actor 26°lag | 40° lag || 26°lag 40° lag 14° lag
Continuous Rating || 5 120 5 120 120
e Second Rating || 230 e 230 e -

L 4
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INSTALLATION

I.L 41-226

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES H-3 AND HV-3 THREE PHASE
DIRECTIONAL RELAYS

CAUTION

remove

Before putting relays 1into service,
all blocking which may have been 1n-
serted for the

during

purpose of securing the parts
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 connectlions.

APPLICATION

The types H-3 and HV-3 relays are polyphase
directional relays which are used to obtaln
high speed directional discrimination during
faults The type HV-3 relay
has a voltage restraint element whi€h 1ntro-

on power systems.
duces a restraining torque on the{relay pro-
portional to the area of the voltage trlangle.
Thus, at
produced

normal voltage, sufflclent “Gerque 1s

to prevent operation of the,relay on
load Any“fault on the
reduces the of gthe
triangle, and consequently,thepamount of re-
At the same time the, current 1n the
relay 1ncreases and ithe relay operates 1f the
fault 1s 1n the contaet
Since

normal current flow.

system area voltage

straint.

closing direction.
the voltage triangle does not collapse
as much
faults,

straint

on ground faults as 1t does on phase
1t 1s desirable to remove voltage re-
on“ground faults. This may easlly be
done by an 1nstantaneous
(type sC)

nected tO_ opén any

overcurrent ground
wlth 1ts back contacts
one of the leads to the
voltage restraint element.

relay con-

The direction
and, ground faults can be detected with these
obtain

of power flow for both phase

relays. To correct operation during

ground faults, 1t 1is necessary that the mini-
faulted

maximum

conductor be at
flow
restraint on the relay) so

mum current in the
least twice the
(with no

load current
voltage

Supersedes IL. 41-419D

*Denotes change from superseded issue.

that 1f the fault curkent and load

are 1n opposition, the former will always pre-

currents

dominate and  glve)y, a net torque on the relay

1n the correct direction. Stated another way,
the minimum lThe-to-ground current must be at
least three“tlmes the maximum load current for
correct,

ground fault protectlon. Low ground

curfrent” foccurs most frequently on Impedance
grounded
dndication

system

systems. Where positive directional
obtalned under all

conditions, 1t 1s recommended that a

cannot Dbe

separate ground directional relay be used.

Both the type H-3 and the type HV-3
can be furnished with elther a watt character-
istic or a 45° characteristic.

CONSTRUCTION AND OPERATION

The type H-3
directional
and two

relays

relay conslists of a polyphase
element, two contactor swltches,
The type HV-3

relay consists of a polyphase directional ele-

operation indicators.

ment, a voltage

tactor swltches, and two operation 1ndicators.

restraint element, two con-

These elements are as follows:

Polyphase Directional Element

This

magnets, and a

of three
shaft with
movable loops, arranged as shown 1n flgure 1.

element conslsts electro-

vertical three
Each loop has its outer side located in an air
gap within the electromagnet. Each electro-

magnet has a three-legged magnetic clrcuit
The colls on the two

legs are the voltage windings.

wound wlth three coills.
outer Voltage
applied to these colls 1nduces a large current
in the

flowing

loop by transformer actilon. Current

thru the current coll on the center
leg of the electromagnet produces an alr gap
flux which 1nteracts with the loop

flux 1in the outer side of the loop and causes

current

EFFECTIVE JUNE 1956



TYPES H-3 AND HV-3 RELAYS

tacts. Two auxiliary contactor switches--one

in each contact circuit--provide seal-in cir-

cuits for the main relay contact. The main
contacts will close 30 amperes at 250 volts
d-c and the auxiliary contactors will safely

until the

auxiliary "a"

carry this current breaker is
and the

The contactor switch has a minimum pick-up of

tripped switch opens.

one ampere d-¢ and a coll resistance of one

ohm.

Typical
teristics
shown in

50 and 60 cycle phase angle charac-
of the 45° characteristic relay are
figure 6. Maximum torque, in the
when the

line current lags the line-to-neutral voltage

contact closing direction, occurs

by approximately 45 degrees, when using the
90° connection.

Typical 50 and 60 cycle sensitivity curves
at maximum torque are shown in figure 7. The
sensitivity of the type HV-3 relay without
voltage restraint 1s the same as the type H-3
relay. The 60 cycle three phase minimum pick-
up without spring restraint of the type H-3
0.08 amperes at 115 volts, 0.15 am-
volt.

The single phase minimum pick-up currents are

relay 1is
pere at 10 volts, and 5.0 amperes at 1
approximately three times those for three
It will be noted from the curves that
the sensitivity of the type HV-3 relay with
voltage restraint 1s decreased only at gvolt=

The curves alsalshow, that

phase.

ages above 2 volts.
10 amperes 60 cycles are required atgl15, volts
to overcome voltage restraint.

Typical time curves are showA? in#fgures 8

to 11. All curves are for a contact spacing
of .035 inch and at maximumstorque for 60 and
50 cycle reldys and .0700 IlmchA for 25 cycle
relays.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equilvalent in a location free
from dirt, moisture, excessive vibration and
heat. Mount “the relay vertically by means of
the two mountimg studs for the standard cases
and the()typen FT projection case or by means of
the @&ourjymounting holes on the flange for the
Either of the

semd -flush” type FT case. studs

or the mounting screws may be utilized for

grounding the relay. The electrical connec-
tions may be made direct to the terminals by
means of screws for steel panel mounting or to
terminal studs furnished with the relay for
ebony-asbestos

terminal

or slate panel mounting. The
studs may be easily removed or in-
serted by 1locking two nuts on the /studs, and

then turning the proper nut with“a, wrench.

The external connectlions fof typdeal appli-
cations of the type H-3 and HVE3 felays are

shown in figures 12 thru 19.

ADJUSTMENTS AND MAINTENANCE

The proper adjugtments “to lnsure correct

operation of @hisVrglay have been made at the
and sheuld not be disturbed after re-
ceipt by the If the
have been “ehangeéd, the relay taken apart for
or 10kt 1s desired to check the ad-

atWegular maintenance periods, the

factory
customer. adjustments
repairs,

justmengts
instructions below should be followed.

A1l fcontacts should be cleaned periodically.
A Jdontact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material
f'or, cleaning contacts is not recommended, be-
cause of the danger of embedding
of the soft
impairing the contact.

small parti-

cles in the face silver and thus

Adjust the 1lower bearing so that both the
top and bottom of the loops are equi-distant

from their respective magnetic circuits.
Energize the
until the
About ten minutes at normal voltage 1is
When the

ating temperature 1s reached, adjust the upper

potential circuits of the relay
loops reach operating temperature.
neces-
sary to reach this condition. oper-

bearing for 1/64 inch clearance.

The 1loops of each element must be in 1line
with the center of the middle leg of the
netic circuit. If

can be obtained by loosening the electromagnet

mag-
necessary, this adjustment
mounting screws and moving the whole electro-

the desired direction. All

must have the same relative position

magnet in three
elements

of loop and magnetic circuit.
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Type H-3 Relay

The polarity of

follows: Refer to figure 2 or 3 and apply 115
volts and 5 amperes (in phase) to the corres-

the relay 1is checked as

ponding voltage and current coils in turn,
with the terminals marked with polarity marks
Looking at the top of the

the moving element should rotate in a

connected together.
relay,
counter-clockwise direction.

Adjust the back-up strip located in front of
each moving contact by bending so that 1t just
touches the contact spring when the contacts
Adjust the small cylinder Dbehind
the moving contact to obtain .009 inch contact
follow. This 1s done

cylinder until it just touches the rear of the

are open.

by advancing the

moving contact spring,
1/2 turn.

and then backing off

45° Characteristic Relay Adjustments

Remove spring restraint by adjusting the

spring adJjuster. Apply single-phase current
of 50 amperes with polarities as shownfoh, in-
ternal schematic diagram to the cuprent/coils
which should be

potential coil

connected in seriesk Each
should be
When energized the relay moving&Tementy will

short=@ircubted.

center itself due to the comblned forgues pro-

duced by the 50 amperes offcurrent and the

spring restraint. Readgust{\the) spring ad-
Jjuster until the centerdingy, position of the
moving element 1s exactly the same for the
condition of zero current oy with 50 amperes
in the current coils. "Under thls condition
the torque produced byl the spring at the

centering positden, 18 zero and does not tend

to "offset', on ghift the centering position

due to gheGecurrent. This final centering
positiod” widl beycalled the neutral position.
With the, aoving element 1in the neutral posi-

tion adjust
inch contact spacing and lock in this position
and .035 inch for

each stationary contact for .015

for 60 and 50 cycle relays
25 cyclerelays.

There are two adjustable stop screws located
ony, the frame
when the

closing contacts and perform the same function

casting. These stops are used

relay 1s supplied with two circuit

usy. PHASE ROTATION A/B
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& e
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Fig. 20—Diagram of Test Connections for the Types H-3 and
HV-3 Relays.

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 067

ternal

volts with polarities as shown on in-

schematie
which
Each current
When the

the moving element will tend to be centered by

diagram to the potential

colls should be connected in parallel.

coill should ©be open-circuited.
potential circuits are deenergized
the spring. When the potential circuits are
energized the
to the right or to the left.
condition the

to the right, the spring should be re-

moving element may move either
If under this
moving element moves the con-
tacts
adjusted to move the deenergized spring
centering position
the 1left. If under this condition the moving
moves the contacts to the left, the

to move the de-

9

of the moving element to

element

spring should be readjusted
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energlzed spring centering position of the
moving element to the right. Contlinue to
shift the centering poslition of the spring
untll a small movement of the spring adJjuster
wlll cause the moving element to move 1n one
direction when the potential 1s applied and a
small movement 1n the other direction will
cause the moving element to move 1in the op-
poslte direction. This filnal centering posi-
tion will ©be called the neutral position.
With the moving element in the neutral posi-
tion adjust each stationary contact for .015
inch contact spacing and lock 1in this position
for 60 and 50 cycle relays and .035 inch for
25 cycle relays.

Type HV-3 Relay

The tests outlined for the type H-3 45°
characteristic relay also apply to the HV-3
relay when the voltage restraint clrcult 1s
not connected. To make a complete check on
the type HV-3 relay with all clrcults con-
nected, 1nvolves three-phase test source,
phase shifter, potentlometers, and non-1nduc-
tlve resistors for controllling the voltage and
current to the relay respectively. Thils tegt
willl permit checking of all the character-
1stics of the relay at the proper phase anglew
This test procedure however 1s wusually toe
complicated for routine fleld testing.® The
complete test may be simplified for fleld
testing by the following modificafiionss Apply
three phase restraining voltageg To, the re-
stralining element and single ‘Phase To all
three phases of the directionaljelement. For
the latter element the potenglal colls are all
connected 1n parallel and ®he gurrent colls
are connected 1n seriles. gWith a8 non-inductive
load, the relay wild be operating about 45°
away from 1ts maximum “t6rque position and
consequently current /values to trip a gilven
voltage will be dncfease@ 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 éhe moving element, 1t is recom-
mended that tests be made at a reduced voltage
(65 voltsW or'less). With 65 volts applied to
voltage restraint elements, about 8 amperes 1s

required at unity power factor to make the re-

10

lay operate.

To check the circults thru the voltage re-
stralnt element, the relay should be energilzed
at normal voltage for about 10 minutes. The
potentlal circult of the directlonal element
should then be opened. Then open the phase A
potentlal to the voltage restraint @lement and
observe the torque produced on ‘Ghe ‘moving ele-
ment, 1f any. Replace A lead and ‘remove the B
lead and agaln observe the togquew,, Repeat for
the C lead and 1n all cases, there sghould be no
torque or a very slight torque present. Any
defects 1n the colls or“eapacltors of the
voltage restraint circuits will be made ap-
parent by the presenee of excessive torque
during thils test.

Contactor Switeh

Adjust the, statlionary core of the switch for
a clearance between the stationary core and
the moving“eore when the switch 1s picked up.
This __camybe most convenlently done by turning
thel’ relay up-side-down. Screw up the core
screw. untlil the moving core starts rotating.
Now, back off the core screw until the moving
core stops rotating. Thils Indicates the point
where the play 1in the moving contact assembly
ls taken up, and where the moving core just
separates from the statilonary core screw.
Back off the statlionary core screw one turn
beyond this point and lock in place. This
prevents the moving core from striking and
sticking to the statlionary core because of
residual magnetism. Adjust the contact clear-
ance for 3/32 inch by means of the two small
nuts on elther side of the Micarta disc. The
switch should plck up at 1 ampere d-c. Test
for sticking after 30 amperes d-c have been
passed thru the coll. The coll resistance 1s
approximately 1.0 ohm.

Operation Indicator

Adjust the 1ndicator to operate at 1.0 am-
pere d-c gradually applied by loosening the
two screws on the under side of the assembly,
and moving the bracket forward or backwvard.
If the two helical springs which reset the

armature are replaced by new springs, they
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should be weakened slightly by stretching to parts can be furnished to the custo a ho
obtain the 1 ampere calibration. The coil are equipped for doing repair w . en
resistance is approximately 0.16 ohm. ordering parts, always give t mplete

nameplate data.

RENEWAL PARTS

Repalr work can be done most satisfactorily
the

The burdens

as follows per phas\
@

at factory. However, I1nterchangeable

TYPES H-3, HV-3, 45° CHARACTERISTIC

VALUES AT 115 VOLTS, 5 AMPERES, 60

ENERGY REQUIREME.NTS

and const s of the relays are

Type H-3 Type HV-3
Voltage

Current \% Current Circuit Restraint

Circuit Circuit |(Directional) Circuit
Resistance (ohms) 0.045 0.045 3040 1760
Reactance gohms 0.045 0.045 1320 2040
Impedance (ohms 0.064 0.064 3310 2700
Watts 1.13 1.13 3.67 3.2
Vars 1.13 1.13 1.59 3.7
Voltamperes 1. 1.6 4.0 4,
Power Factor 4 .5° lag || 45° lag 23.5° lag 49° 1lag
Continuous Rating (Amperes or Volts) 5 115 115
One Second Current (Amps.) 30 230 P ces

L 2
AT 115 VOLTS, 5 AMPERES, 50 CYCLES
Type H-3 Type HV-3
\ Voltage

Current Voltage Current Circuit Restraint

Circuit | Circuit Circuit |(Directional) | Circuit
Resistance (oh 0.0488 2560 0.0488 2560 2720
Reactance (oh 0.0349 975 0.0349 975 1570
Impedance h 0.060 2740 0.060 2740 3140
Watts 1.22 4.5 l.22 4.5 3.17
Vars .87 1.71 .87 1.71 1.84
Volt 1.5 4,82 1.5 4.82° 3.66°
Power 33.5%lag | 20.8° lag || 33.5°1lag| 20.8° 1lag 30.1° 1lag
Continuous Rating (Amperes or Volts) 5 115 5 115 115
One Second Current (Amps.) 230 ces 230 e ..

L 4

11
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TYPE _H-3, WATT CHARACTERISTIC RELAY

VALUES AT 115 VOLTS, 5 AMPERES, 60 CYCLES

Resistance (ohms)
Reactance thms
Impedance (ohms

Watts
Vars
Voltamperes
Power Factor

Continuous Rating (Amperes or Volts)

One Second Current (Amps.)

TYPES H-3, HV-3,

VALUES AT 115 V

P
L 4
Type H-3 %
Current Voltage
Circuilt Circuit
.028 2740
.0192 1440
.034 310
..

RACTERISTIC RELAY

AMPERES, 25 CYCLES

Type HV-3
Voltage

Current Circuilt Restraint

Circuit | (Directional) | Circult
Resistance (ohms) .0380 ngo 3980
Reactance §ohms .0192 200 990
Impedance (ohms .0420 5000 1100
Watts 2.03 .94 2.03 3.12
Voltamperes 2.65 1.05 2.65 3.22
Power Factor 40° 1ag ||26° lag 40° 1lag 14° lag
Continuous 115 5 115 115

ces 230 ‘e oo
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Fig. 21—Outline and Drilling Plan for the Projection Type Standard Casefor the Type H-3 Relay. See the Internal Schematics
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Fig. 23—Outline and Drilling Plan For the Projection Type Standard CaseFor the Type HV-3 Relay. See The Internal Schema-
tics for the Terminals Supplied. For Reference Only.
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INSTALLATION

l.L. 41-226.2

OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPES H-3 AND HV-3 THREE PHASE
DIRECTIONAL RELAYS

CAUTION Before putting relays into service, remove
all blocking whichmay 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.

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 doad)cur-
rent flow. Any fault on the system reducés)ythe area
of the voltage triangle, and consequentlyithe ‘amount
of restraint. At the same time the current_in the relay
increases and the relay operates if the faultiis 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 mayteasily 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 réstraint“element.

The direction of power flow for both phase and
ground faults can befdetected with these relays. To
obtain correct ‘peration during ground faults, it is
necessary that theyminimum current in the faulted
conductor be at deast twice the maximum load current
flow (with no4voltage 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
oceurs most frequently on impedance grounded sys-
tems. Where positive directional indication cannot be
obtained under all system conditions, it is recom-

NEW INFORMATION

mended that a separate ‘ground directional relay be
used.

Both the type H-3%andthe type HV-3relays can be
furnished with either a’watt characteristic or a 45°
characteristic«

CONSTRUCTION AND OPERATION

Thentype 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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TYPES H-3 AND HV-3 RELAYS
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Fig. 1 — 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 “BC” (delta) voltage whiech
for a system power factor of unity, lags the current by
90°. Hence, with this connection and the above (45 %)
relay characteristics, maximum torque is obtained
when the system fault current is lagging ifs unity
power factor position by 45°.

With the watt characteristic relay af’starycurrent
and a star voltage are applied to eagh,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 relayurfent leads the relay
voltage by about 0 degrees.

The instantaneous/torquepin each element of the
relay is produced by the instantaneous products of
voltage (loop current)iand current (air gap flux) in the
electromagnet, which is ‘apdouble frequency pulsating
torque. The torques in the other two electromagnets
are also pulsating, but,they are displaced 120 degrees
in time phase @nd 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 turnwmismounted on Isolantite arm on the moving
shaft. “A stop bracket with a small cylinder partially
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Fig. 2 —/Internal)S=hematic of the Type H-3 Relay in the
FT22Case.
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TYPES H-3 AND HV-3 RELAYS

I.L. 41-226,2
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filled with tungsten powder is mounted behind ‘each
moving contact. When the moving contaet strikes
against the rigid fixed contact screw, the spring is
deflected for the necessary contact follow,‘@fter which
the stop strikes the moving contact. Thus, the full
torque of the relay is transmitted ‘thruthe contacts to
maintain full contact pressure. The particles of
tungsten powder in the small,cylinder slide over each
other at the instant of impacét andfabsorb the energy in
the moving element. A flexible metal ribbon conducts
current to the moving_contaects.

The type H-3"trelayis suppliedwith spring restraint
which is adjusted tothold the contacts in the normal
non-trip pesition when the relay is deenergized. This
prevents an incorrect directional indication by the ele-
ment under the ‘eondition of loss of load. However,
the spring restraint may be adjusted to give a bias
torque in either direction.

Violtage Restraint Unit

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-

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 (El) applied and the
center coil has another delta voltage (Ez) 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:

V1’ V2. sin 6

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

3



TYPES H-3 AND HV.3 RELAYS

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

ADJUSTMENTS AND MAINTENANCE

The proper adjustmentsto 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
eircuits 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 cir€uit.
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. “Luooking 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 €ylinder 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 spring

adjuster. Apply single-phase current of 50 amperes
with polarities as shownoninternal 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 thefcentering position due to the
current. This final®centering position will be called
the neutral positions, With the moving element in the
neutral position adjust each stationary contact for
.015 inch contact spa¢ing and lock in this position for
60 and 50 cyecle‘relays and .035 inch for 25 cycle
relays.

There are,two adjustable stop screws located on
the frame easting. These stops are used when the re-
lay isysupplied 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 shownon 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
moving element to move in the opposite direction.
This finalcentering 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.



TYPES H-3 AND HV-3 RELAYS

l.L. 41-226.2

Type HV-3 Relay

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 therelay 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 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 res
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 makedthe ‘relay
operate.

To check the circuits thru the voltage restraint
element, the relay should be energized*at normal
voltage for about 10 minutes. The petential circuit of
the directional element should thenybe opened. Then
open the phase A potential to\the voltage restraint
unit and observe the torquejprodueed 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 casesgthereémshould 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 Switch

Adjust the stationary core of the switch for a clear-
ance between the stationary core and the moving core
whenjthe 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 screwsuntil 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 (mowving core from striking
and sticking to the stationary ,ore because of resid-
ual magnetism. Adjuststhe contact clearance for 3/32
inch by means of the two small nuts on either side of
the Micarta disc. The swifch should pick up at 1 am-
pere d-c. Test for sticking after 30 amperes d-c have
been passed thru“the/coil. The coil resistance is
approximately 1.0%hm.

Operation Indicator

Adjust the indicator to operate at 1.0 ampere d-c
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.

Indicating Contactor Switch (ICS) = (HV-3 only)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greater than the particular ICS tap 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 REQUIREMEMENTS

The burdens and constants of the relays are as
follows per phase:



TYPES H-3 AND HV-3 RELAYS

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

VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES

Type H-3 Type HV-3
Voltage

Current Voltage Current Circuit Restraint

Circuit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.045 3040 0.045 3040 1760
Reactance (ohms) 0.045 1320 0.045 1320 2040
Impedance (ohms) 0.064 3310 0.064 3310 2700
Watts 1.13 4.0 1.13 4.0 3.48
vars 1.13 1.73 1.13 1.73 4.02
Voltamperes 1.6 4.35 1.6 4.35 5.31
Power Factor 45° lag 23.5° lag 45° lag 23.5° lag 49° lag
Continuous Rating (Amperes or Volts) 5 115 5 115 115
One Second Current (Amps.) 230 e 230 oo e

VALUES AT 120 VOL TS, SSAMPERES, 50 CYCLES
Type)H-3 Type HV-3
Voltage

Current Voltage Current Circuit Restraint

Circuit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.0488 2560 0.0488 2560 2720
Reactance (ohms) 0.0349 975 0.0349 975 1570
Impedance (ohms) 0.060 2740 0.060 2740 3140
Watts 1.22 4.89 1.22 4.89 3.44
vars .87 1.86 .87 1.86 2.00
Voltamperes 1.5 5.23 1.5 5.23 3.98
Power Factor 33.5°lag | 20.8° lag 33.5° lag 20.8° lag 30.1° lag
Continuous Rating (Amperes or Volts) 5 115 5 115 115
One Second Current (Amps.) 230 cee 230 e ‘e
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TYPES H-3 AND HV-3 RELAYS

LL. 41226

TYPE H-3, WATT CHARACTERISTIC RELAY

VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES

Type H-3

Current Volfage

Circuit Circuit
Resistance (ohms) .028 2740
Reactance (ohms) .0192 1440
Impedance (ohms .034 3100
Watts .70 4.09
vars .48 2.14
Voltamperes .85 4.62
Power Factor 34.5° lag 27.8° lag
Continuous Rating (Amperes or Volts) 5 115
One Second Current (Amps.) 230

TYPES H-3))HV-3, 45° CHARACTERISTIC RELAY
VALUES AT, 1200VOLTS, 5 AMPERES, 25 CYCLES

Type H-3 Type HV-3
Voltage

Current | Voltage || Current Circuit Restraint

Circuit Circuit Circuit (Directional)
Resistance,(ohms) || .0380 3830 .0380 3830 3980
Reactance (ohms) .0192 3200 .0192 3200 990
Impedance (ohms) .0420 5000 .0420 5000 4100
Watts N 2.20 .94 2.20 3.39
Voltamperes 1.05 2.88 1.05 2.88 3.50
Power Factor 26° lag | 40° lag | 26° lag 40° lag 14° lag
Continuous Rating | 5 115 5 115 115
One Second Rating || 230 230 . e
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INSTALLATION

I.L. 41-226.2A

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES H-3 AND HV-3 THREE PHASE
DIRECTIONAL RELAYS

CAUTION Before putting relays into service, remove
all blocking whichmay 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.

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 inithe 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‘temove voltage re-
straint on ground faults. This®mayeasily be done by
an instantaneous overcunrent“ground relay (type SC)
with its back contacts connected’to open any one of
the leads to the voltagegestraint 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
conductorgbe at'least'twice the maximum load current
flow (with“no voltage restraint on the relay) so that
if the fault currént 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
andther way, the minimum line-to-ground current must
be, at)least three times the maximum ioad current for
correct’ ground fault protection. Low ground current
oceurs 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 issue.

mended that a separate, ground directional relay be
used.

Both the type H=3 and the type HV-3relays can be
furnished with 4either @ watt characteristic or a 45°
characteristies

CONSTRUCTION AND OPERATION

The, typel H-3 relay consists of a polyphase direc-
tionalfunit,” two contactor switches, and two opera-
tion ‘indicators. The type HV-3 relay consists of a
polyphase directional unit, a voltage restraint unit,
andiwo 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.

EFFECTIVE NOVYEMBER 1958



TYPES H-3 AND HV-3 RELAYS
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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-c contactor switch in the relay is a small
solenoid type switch. A cylindrical plungeriwith a
silver disc mounted on its lower end moveés 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 becomés energized and closes
the switch contacts. This, shunts the main relay con-
tacts, thereby relieving” themyof the duty of carrying
tripping current. Thése contacts remain closed until
the trip circuit is openéd by/the auxiliary switch on
the breaker.

Cperation Indicator

The operation indicator is a small solenoid coil
connected, inithe“trip circuit. When the coil is ener-
gized, a'spring-restrained armature releases the white
target which falls by gravity to indicate completion of
theatripycircuit. The indicator is reset from outside
of the case by a push rod in the cover or cover stud.

4

Fig. 7'~ Typical Time — Current Curves of 50 and 60 Cycle
HV-3 Relay for Three Phase Faults at Moximum
Torque Angle.

Indicating Contactor Switch Unit {(ICS) -~ (HV-3 only)

The d-c 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.

CHARACTERISTICS

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-c
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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pick-up of one ampere d-c 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 60cycle sensitivity cuivesat maxi-
mum torque are shown in figure 5. The sensitivity of
the type HV-3 relay without voltagerrestraint is the
same as the type H-3 relay. The 60 cycle three phase
minimum pick-up without springyrestraint 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 isfdecreased 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 timefcurves are shown in figures 6 to 9.
All curves are for a contact spacing of .035 inch and
at maximum, torque for 60 aind 50 cycle relays and .070
inch for 25 cycle relays.

TripaCircuit (HV-3 only)

The main contacts will safely close 30 amperes at
250 volts d-c and the seal-in contacts of the indicat-
itig contacio:r switch will safely carry this current long
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Fig.\\9 =)Typical Time — Current Curves for 50 and 60 Cycle
Type HY-3 Relay Without Voltage Restraint for
Three Phase Faults at Maximum Torque.

enough to trip a circuit breaker.

The indicating contactor switch bas 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 Circuit Constant (HV-3 only)
Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c 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
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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For detailed FT case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustmentsto 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 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. LooOking.at the top of the
relay, the moving elementishould rotate in a counter-
clockwise direction.

Adjust the back-up“strip docated in front of each
moving contact by bending 8o that it just touches the
contact 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 contaet_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 shownoninternal schematic diagram
to the current coils which should be connected in
series. Each potential coil should be short-circuiteds
When energized the relay moving element will center
itself due to the c-ombined 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 sdme for the condition
of zero current or with 50 amperes_in the current coils.
Under this condition the torque produeced by the spring
at the centering position is zero and does not tend to
“offset® or shift the centeringy position due to the
current. This final centering position will be called
the neutral position. Withythe “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.

Therejare two adjustable stop screws located on
the frame casting.) These stops are used when the re-
lay is suppliedywith two circuit closing contacts and
perform the ‘same function as the stops on the moving
contactassembly.

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 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
conthcts 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 lock in this position for 60 and 50
cycle relays and .035 inch for 25 cycle relays.
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Type HV-3 Relay

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 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 res
duced voltage (65 volts or less). With 654volts ap-
plied to voltage restraint elements, about “8)amperes
is required at unity power factor to make, thejrelay
operate.

To check the circuits thru the vaoltage\restraint
element, the relay should be energized,at normal
voltage for about 10 minutes. The potential circuit of
the directional element should then besopened. Then
open the phase A potential to the“woltage 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 totque. 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 ofythe‘voltage restraint circuits will be
made apparent by ‘the presence of excessive torque
during thisftests

Cantactor Switch

Adjust the stationary core of the switchfor 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 screwsuntilathé mov-
ing core stops rotating. This indicates {the point
where the play in the moving contacthassembly 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‘eontact 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-c. Test for sticking after 30 amperes d-c have
been passed thrupthe/ coil. The coil resistance is
approximately 1.0, ohm.

Operation Indieator

Adjust'the indicator to operate at 1.0 ampere d-c
gradually ‘applied by loosening the two screws on the
underaside 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.

Indicating Contactor Switch (ICS) - (HV-3 only)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greater than the particular ICS tap 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, aiways give the
complete nameplate data.

ENERGY REQUIREMEMENTS

The burdens and constants of the relays are as
follows per phase:
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TYPES H-3, HV-3, 45° CHARACTERISTIC RELAY
VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES

Type H-3 Type HV-3
Voltage L 4
Current Voltage Current Circuit Restraint
Circuit Circuit Circuit (Directional
Resistance (ohms) 0.050 2070 0.050 2070
Reactance (ohms) 0.052 1530 0.052 15 610
Impedance (ohms) 0.072 2580 0.072 790
Watts 1.25 4.59 1.25 4.5 3.84
Vars 1.29 3.40 1.29 4.75
Voltamperes 1.82 5.71 1.82 71 6.1
Power Factor 46° lag 36.5° lag 46°1 36.5° lag 51°lag
Continuous Rating (Amperes or Volts) 5 120 120 120
One Second Current (Amps.) 230
% VALUES AT 120 VOLT S, 50 CYCLES
Type HV-3
Voltage
oltage Current Circuit Restraint
Circuit Circuit (Directional) Circuit
Resistance (ohms) 2560 0.0488 2560 2720
Reactance (ohms) 975 0.0349 975 1570
Impedance (ohms) 2740 0.060 2740 3140
Watts 4.89 1.22 4.89 3.44
Vvars 1.86 .87 1.86 2.00
Voltamperes . 5.23 1.5 5.23 3.98
Power Factor 33.5°lag | 20.8° lag 33.5° lag 20.8° lag 30.1° lag
Continuous Rating ( € 1ts) 5 120 5 120 120
One Second Current (Amps. 230 230




TYPES H-3 AND HV-3 RELAYS I.L. 41508A

TYPE H-3, WATT CHARACTERISTIC RELAY < )
VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES
Type H-3 @
Current
Circuit
Resistance (ohms) .028
Reactance (ohms) .0192

Impedance (ohms .034

Watts .70 4.09
Vars .48 2.14
Voltamperes .85 4.62
Power Factor la 27.8° lag

Continuous Rating (Amperes or Volts) 5 120

One Second Current (Amps.)

TYPES H-3 , 45° CHARACTERISTIC RELAY
VALUES 1 OLTS, S AMPERES, 25 CYCLES

H-3 Type HV-3
Voltage
L 4 Current Voltage Current Circuit Restraint
ircuit Circuit Circuit (Directional)
Resistan & .0380 3830 .0380 3830 3980
Reactan .0192 3200 .0192 3200 990
Impedance (ohms) .0420 5000 .0420 5000 4100
Wa .94 2.20 .94 2.20 3.39
Vo peres 1.05 2.88 1.05 2.88 3.50
ctor 26°lag | 40° lag || 26° lag 40° lag 14° lag
Continuous Rating || 5 120 5 120 120
Second Rating |[ 230 - 230 e A
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INSTALLATION

L L 41-226

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

CAUTION Before 'putti g relays into serviée,
remove all blocking which may have been in-
serted for the purpose of securing the parts
during shipment. Make sure that all moving
parts operate freely and inspect the contacts

to see that they are clean and close properly.
the

electrical connections.

Operate relay to check the settings and

APPLICATION

The types H-3 and HV-3 relays are polyphase
directional relays which are used to obtain
high speed directional discrimination during

faults
has a

on power systems. The type HV-Zgprelay
voltage restraint element whie¢h intro-
duces a restraining torque on the relay pro-
portional
Thus, at

produced

to the area of the voltageWtriangle.
normal voltage, sufficiemtytorgue 1is

to prevent operation ofl the ‘relay on
load current flow. Anywfault the
reduces the of the voltage
triangle, and consequently_the améunt of re-
in the
relay 1ncreases and the,relay operates if the
fault is 1in the
8ince the voltage tkriangle does

normal on

system apea

straint. At the same time the “Gurrent

coptiactylosing direction.
not collapse
as much
faults,
straint

on groundmfault’® as it does on phase
it is desirable to remove voltage re-
on, groundafi@ults. This may easily be
instantaneous overcurrent
with its back contacts con-
one of the leads to the

voltage restraint element.

done by an
(typel'sC)

nected to “epen

ground
relay
any

The direction of power flow for both phase
and Yground faults can be detected with these
relays. To obtain correct omeration during

ground faults, 1t is necessary that the mini-

mum current in the faulted conductor be at
least twice the maximum load rent flow
(with no voltage restraint or e relay) so

Supersedes L. 41-419D

* Denotes change from superseded issue.

TYPES H-3 AND HV-3 THREE PHASE
DIRECTIONAL RELAYS

o i P it
SRR P A AT
EFAAS AN AT

that
are in opposition,

if the fault{current and load currents
thewformer will always pre-
dominate and 4give (& net torque on the relay
in the corregtihdireetion.
the

least thpee times the maximum load current for

Stated another way,
minimum line3to-ground current must be at

correct [ ground fault protection. Low ground

current, occuirs most frequently on 1mpedance
grounded
ind¥eation

system

systems. Where positive directional
be all

it 1s recommended that a

cannot obtained wunder
conditions,
separate ground directional relay be used.

Both the type H-3 and the type HV-3
can be furnished with either a watt character-

istic or a 45° characteristic.

CONSTRUCTION AND OPERATION

The type H-3
directional

and two

relays

relay consists of a polyphase
element, two contactor switches,
The type HV-3

relay consists of a polyphase directional ele-

operation indicators.

ment, a voltage restraint element, two con-

tactor switches, and two operation indicators.

These elements are as follows:

Polyphase Directional Element

This
magnets,

of three
shaft with
movable loops, arranged as shown in figure 1.

element consists electro-

and a vertical three
Each loop has its outer side located in an air
Each

a three-legged magnetic

gap within the electromagnet. electro-
circuit
the two

Voltage

magnet has

wound with three coils. The coils on
outer 1legs are the voltage windings.
applied current
in the
flowing
of the electromagnet produces an
which 1interacts with the loop

in the outer side of the loop and causes

to these coils induces a large
loop by transformer action. Current
thru the current coil on the center
leg
flux

flux

air gap
current

EFFECTIVE MARCH 1955
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SPRING ADJUSTER
FOR TYPE H-3
RELAY ONLY
LAG LOOPS
VOLTAGE
coiL
FRAME
STOP, |
ARM / = ALUMINUM
NON ‘ . LOOP
BOUNCE —H—
CONTACT = CURRENT
) colL
MAGNETIC —
CIRCUIT —

Fig. 1—Schematic Top View of the Three Phase Directional
Element.

rotatlion of the shaft 1n the direction corres-
ponding to the direction of flow of the alter-
nating current power.

One loop and its assoclated electromagnet
make up one phase of the three-phase relaj.
with the 45° characteristic relay a délta
voltage and a star current are appllied to each
electromagnet, and proper phase angle charaeck
teristics are obtalned as follows. The “100D,
which 1s considered as the secondary load gf a
transformer, has a much higher resistance tfhan
reactance, and the loop current ldgs the volt-
age applied to the electromagneti)by an angle
of 10 to 15 degrees. The alr“gap flux lags
the applied current by aboutf55 to 60 degrees
because of the lag loops around the centerpole
of the electromagnet. £Thus,K maximum torque
occurs when the relay current leads the relay
voltage by 45 degr€es.

The 90° Conngctiofi 1s,used on the relay to
give the required delt@ voltage and star cur-
rent. With this connection one of the elec-
tromagnets will have "A phase" (star) current
and "BC" (delta) ¥oltage which for a
power factor of unity, lags the current by
90°. Hencéy hwith thils connectlon and the

aboves W@5%) relay characteristics, maximum

system

torgue®) 1s obtalned when the system fault cur-
renty 18 lagging 1ts unity power factor posi-
f1ion%by 45°.

2

CONTACTOR
SWITCH

CENTER ELEMENT OPERATION
(FRONT VIEW) \ n;mc;n'oz

fRIP CIRCUIT INTER -
LOCK FOR DETACH -
ABLE QELAYS\ ©

) +
O
; AJ +
; © (T o)

RIGHT ELEME»)JT—- y g2
(FRONT VIEW, ® ® & o
v +
B-LEFT ELEMENT
(FRONT VIEW)

+

5-D-1381

REAR VIEW

WITH RELATIVE iNSTANTANEOUS POLARITIES /AS SHONN, THE MAKE CONTACT
CLOSES AND THE MOVING ELEMENTIROTATESIICOUN TERCLOCKWISE. (TOP VIEW)

Fig. 2—Internal Schématic of the Type H-3 Relay in the
Standard Case With Single Pole Double Throw
Independent Contacts.

With { the, watt characteristic relay a star
current ,an@,a star voltage are applled to each
electromagnet-. The alr gap flux lags the
applfed current by about 10 to 15 degrees be-
calise, 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 O degrees.

The instantaneous torque 1n each element of
the relay 1s produced by the 1nstantaneous
products of voltage (loop current) and current
(air gap flux) in the electromagnet, which 1s
a double frequency pulsatling torque. The
torques 1n the other two electromagnets are
also pulsatling, but they are displaced 120
degrees 1n time phase and when all three
Instantaneous values are added, the result 1s
a uniform non-pulsating torque.

Two movling contacts are mounted at right
angles to each other on the outer end of a
leaf spring which 1n turn 1s mounted on
Isolantite arm on the moving shaft. A stop
bracket with a small cylinder partlally filled
with tungsten powder 1s mounted behind each
moving contact. When the moving contact
strikes agalinst the rigid fixed contact screw,
the spring 1s deflected for the necessary con-
tact follow, after which the stop strikes the
moving contact. Thus, the full torque of the
relay 1s transmlitted thru the contacts to

malntaln full contact pressure. The particles

£
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ToP _TEST SWITCH

RED HANDLE
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NOTE:
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\ SHORT CIRCUIT SWITCH
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TO RELAY
CURRENT TEST JACK
TO BASE TERMS,

R—CHASSIS OPERATED
SHORTING SWITCH

F1d&i1d

FRONT VIEW

WITH RELATIVE INSTANTANEOUS POLARITIES AS SHOWN, THE MAKE
CONTACT CLOSES AND THE MOVING ELEMENT ROTATES COUNTER
CLOCKWISE  (TOP VIEW) J

CONTACTOR

SwWITCH OPERATION

INDICATOR

TOP
CENTER

TRIP CIRCUIT ;.
INTERLOCK

ELEMENT
(FRONT VIEW)

TOP RIGHT
TOP LEFT ELEMENT
ELEMENT (FRONT VIEW)

(FRONT VIEW)

s VOLTAGE
11-D-9102 RESTRAINT
LOWER LEFT
ELEMENT
(FRONT VIEW)
VOLTAGE

RESTRAINT
LOWER RIGHT 2lC
MENT

LE,
(FRONT VIEW) |

zogr/«cs
ESTRAI
RESISTOR FOR R N ,‘ szR cg)ITEp
25 CYCLES ONLY REAR VIEW e m

(F?ONT vnEw)
NOTEA RELAY SUPPLIED FOR S0° CONNECTION USING INTERNAL
PHASING, LOOPS UNLESS OTHERWISE ORDERED.

WITH RELATIVE INSTANTANEOUS POLARITIES AS SHOWN.
THE,MAKE CONTACT CLOSES, AND THE MOVING ELEMENT
ROTATES COUNTER- CLOCKWISE (TOP VIEW). VOLTAGES ON
RESTRAINT ELEMENTS AS SHMOWN WITH PIYASE ROTATION
AB,C ROTATE THE MOVING ELEMENT CLOCK WISE (TOP VIEW)

Fig. 3—Internal Schematic of the Type H-3 Relay in the Type
FT Case With Single Pole Double Throw Indepen-
dent Contacts.

of tungsten powder 1n the small cylinder slide
over each other at the instant of impact and
absorb the

flexible metal ribbon conducts cufrentito the

energy 1n the moving eldement. A

moving contacts.

H-3 relay 1s supplied with spring
which 1s adjustedfto hgld the
tacts 1n the normal non-trip ‘positlion when the
relay 1s deenergized. This
directional jlndIceatlion by the element
under the condition of "Wess of load.

The type
restraint con-
prevents an 1n-
correct
However,
the spring
a blas torque 1in either/direction.

restradnt may be adjusted to glve

Voltage Rest®raint,Element

This
HV-3
magnets and Yoops similar to those used on the

element 9 1= supplled only 1n the

type

relays 4And consists of three electro-

directlonal element. The restraining element
1s mounted below the dlrectional element and
the, loops of the two elements are fastened to
a eommon vertlical shaft which operates the two
eontacts as described above. The outer colls
of each
(E1) applied and the center coll has another

delta

electromagnet have one delta voltage

voltage (Ep) applied. By means of the

Fig. 4—Internal Schematic of the Type HV-3 Relay in the
Standard Case With Single Pole Double Throw In-
dependent Contacts.

TOP TEST SWITCH

JEELILLL LT

"FRODNT VIEW

COVER OPERATED
SWITCH ~WHEN USED.
) HY3
<

VOLTAGE RESTRAINT
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OPERATION INDICATOR

TEST SWITCH
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(FRONT Vi
G B
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(25Cy. ONLY) ha
NOTE
RELAY SUPPLIED FOR
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&%= z e
I3 F
8‘ ;x/‘ ¢>/A E:é,* JOP RIGHT ELED;\EMT
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G A— ‘l@n
REAR VAEW ~SHORT CIRCUIT SWITCH
BOTTOM TEST swrrc —RED HANDLE
TO RELAY

CURRENT TEST UACK

Jiid s et

FRONT VIEW '\__CHASSB OPERATED
SHORTING SWITCH

WITH RELATIVE INSTANTANEOUS POLARITIES AS SHOWN, THE MAKE CONTACT CLOSES ANC
TUE MOVING ELEMENT ROTATES COUNTER CLOCKWISE (TOP VIEW). VOLTAGES
RESTRAWT ELEMENTS AS SHOWN WITH PHASE ROTATION A,B,C

ROTATE THE MOVING ELEMENT CLOCKWISE (TOP VIEW)

9-p-8079

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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capacitor untis in series with the outer two

colls, the phase angle characteristics of the
electromagnets are such that the torque of . the

element 1s proportional to:

E.E

1 B sin ©

where © 1s the between the two delta
voltages and 1s normally 60°.

angle

If any one of the three delta voltages com-
collapses during a fault, there 1s no

the the
of the third voltage makes the sine
the “yoltages zero. Ir
the

pletely

torque on electromagnet, since
collapse
of the angle between

all three voltages)decrease uniformly,

torque varies as thejsquare of thelr magni-
tude. Each electromagnet 1s connected to a
different combination/ of delta voltages so

that a uniformé restraint torque and balanced
burdens arle, obtained.

Restaint
supply “adead £o the restraint
applies to all three
of the angle

can’ be removed by opening any one
This

electro-

element.
slrngle phase
and the

normal voltages

magnets sine becomes

zero. At 10 amperes 1s re-

qulired 1n each element at maximm torque to

overcome the restralnt torque.

Contactor Swltches

The d-c¢ contactor switch in the relay 1is a

Curve, 2521k

36) .06

% T T TTIT T
Il T B T -
[3a5 el o iannd paass pass
. 1. I 1T T .
! e . T T
SN A
2| o jass: } o T
e -
H
? _‘q .'\v_-ﬂ— -
o X
8 HX .
2 24| wod T H
F| 2l T
E e F “:'Ti A
S 18 HEVar T
3 |5 HegTH ! !
S AN T HEH many o A T
ik I IEERENE T
w - T T . LRES an e i
©, /8] 8.03] : e
2 s PSS 5Amps. 1117
8 o HIHWH vl ) B LTI N}
4 i b+
e P TN T ; /5Amf’S.r
3 9 Yo 1T T T /] HiH
g IR HNGCHHN e TR 30 Amps
O R == 150 L
L o LA mps. Tl T
g |» 4 S
3 N ‘ﬁ"?,‘r*f‘ T H
8 T * e T I maas:
2 = Sma aMaR e mpmaan T »
506 T T
e e e e e
o e
0 o e o b I i
4 20 2« 60 a0 00 120

3¢ Applied Delta -Voltage

Fig.11=Typical Time Curves for the 50 and 60 Cycle Type
HV-3 Relay Without Voltage Restraint for Three
Phase Faults at Maximum Torque.

solenold cylindrical

with a its
end moves 1n the core of the solenoid.
As the disc
bridges three silver statlonary contacts. The
coll 1s 1n series with the maln contacts of
the with the trip coll of the
breaker. contacts close, the

small type switch. A

plunger silver disc mounted on
lower
travels

plunger upward, the

relay and
When the relay
energized and closes the switch
shunts the mailn relay
relleving them of the duty of
These contacts re-

coll becomes
This
thereby

contacts. con-
tacts,
carrylng tripping current.
closed until the trip cilrcult 1is

by the auxiliary switch on the breaker.

maln opened

Operation Indicator

The operation indicator 1s a small solenoild
coll connected in the trip circult. When the
coll 1s energized, a spring-restralned arma-
ture releases the white target which falls by

gravity to 1indicate of the
The 1ndicator 1s reset from outsilde

completion trip
circult.
of the

cover stud.

case by a push rod in the cover or

CHARACTERISTICS

The
provided with 1ndependent make and break con-

5

types H-3 and HV-3 relays are normally
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tacts.
in each contact circuit--provide seal-in cir-

Two auxiliary contactor switches--one

cuits for the main relay contact. The main

contacts will close 30 amperes at 250 volts

d-¢ and the auxiliary contactors will
until the

auxiliary "a"

safely

carry this current brealter is
and the

The contactor switch has a minimum pick-up of

tripped switch opens.

one ampere d-c and a coil resistance of one
ohm.
Typical 50 and 60 cycle phase angle charac-
teristics of the 45° characteristic relay are
Maximum torque, in the
when the

line current lags the line-to-neutral voltage

shown in figure 6.

contact closing direction, occurs

by approximately 45 degrees, when using the
90° connection
Typical 50 and 60 cycle sensitivity curves
at maximum torque are shown in fipgure 7. The
sensitivity of the type HV-3 relay
restraint is the same as the type H-3
The 60 cycle three phase minimum pick-

without
voltage
relay.

up without spring restraint of the type H-3
0.08 amperes at 115 volts, 0.15 am-
volt.

The single phase minimum pick-up currents ar

relay 1is
pere at 10 volts, and 5.0 amperes at 1

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

the sensitivity of the
voltage restraint 1s decreased only at t

1
ages above 2 volts. The curves alsofpshow, tha
10 amperes @0 cycles are required at \ ]
to overcome voltage restraint.

xgures 8

Typical time curves are shog i
to 11. All curves are for a @ spacing
of .035 inch and at maximu for 60 and
070 c

type HV-3 relay w

50 cycle reldys and for 25 cycle

relays.

IN LATION

The relays should be mounted on switchboard

panels or their equixalent in a location free
from dirt, isture, excessive vibration and

heat. Mo
the two_mo

e relay vertically by means of

studs for the standard cases
and theSty projection case or by means of
the ounting holes on the flange for the
Either of the

semd sh " tyvpe FT case. studs

or the mounting screws may be utilized for

grounding the relay. The electrical connec-
tions may be made direct to the terminals
means of screws for steel panel mounting or t
terminal studs furnished with the relay for
o

ebony-asbestos or slate panel mounting. T

terminal studs may be easily removed or in-
serted by 1locking two nuts on thefst and
then turning the proper nut with \ .

The external connections f 1l appli-
of the type H-3 a

shown in figures 12 thru

cations elays are

ADJUSTMENTS D INTENANCE

The proper to insure correct

operation of have been made at the
factory be disturbed after re-
ceipt by If the adjustments
have be , the relay taken apart for
repairs, i t 1s desired to check the ad-
justmen at gular maintenance periods, the

instr i below should be followed.

tacts should be periodically cleaned
Style 1002110 file is re-
The use of abra-

a fine file.
mmended for this purpose.
si material for cleaning contacts 1is not re-
commended, because of the danger of embedding
mall the face of the sof't

silver and thus impairing the contact.

particles in

Adjust the
top and bottom of the loops are

lower bearing so that both the
equi-distant
circuits.

from thelr respective magnetic

Energize the potential circuits of the relay
until the
About ten minutes at normal voltage is

When the

ating temperature is reached, adjust the upper

loops reach operating temperature.
neces-
sary to reach this condition. oper-

bearing for 1/64 inch clearance.

The 1loops of each element must be in 1line

with the center of the middle leg of the mag-
netic circuit. If necessary, this adjustment
can be obtained by loosening the electromagnet
screws and moving the whole electro-

the desired direction. All

must have the same relative position

mounting
magnet 1in three
elements

of loop and magnetic circuit.
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All in the Standard Cases.



TYPES H-3 AND HV-3 RELAYS

| 3 PHASE EUSD PHASE ROTATION A B,C A
8 PHASE ROTATION A-BC _ 5
C i —— B
A ]
I
ISV E IOy
v AR
[NMEEAT G S
;j, S
1 1
POS.
NEG.
2 E oz
2 = o
o 9] @ " H-3
l& wgll i & €O, F3 ] 2Jm3 o ]
F a i = O
9 9 1] PR oo Lat o5 ]
z B ]
g H a8 e B
o o o 3 xS
et Ot
&y ¥ &I, 5 e —h—
SC-C 2 1)
T ‘&J L_ co:¢ Y L ,\ 5
f3 o REAR. VIEW T a :
$94 22 0 8-D-5542
494 322 &25 [ > REAR VIEW
444 b > P = 3 "
a5 e : g
> - & MG .
& VECTOR Y - L e
- RO‘I‘A}'\ON i | ]
} ]; Eag T~ -T—T—T— 4 5 2
PHASEA €3¢
BC MAX. TORQUE FOSITION OF ABC P D
# PASE A CURRENT h Do
(H-3 RELAY) % N Ak forauE Posimion PLb RELAYS-REAR VIEW
. y’ ”’ng‘}?“-"?k’fh” NOTE: NOMINAL VOLTAGE OF MG
Eac - ! LY LAY SHOULD BE APPRO:
PHASE "A" ELEMENT /z CONTQOL VOLTAGE.
A BC ‘ Epc
VECTOR I
VECTORS FOR 10O0%c RoTASION VECTORS FOR 1007
cA POWER IN TRIPPING D\PECT\ON Ecn POWER IN TRIPPING DIEECTICN
11-D-9530 11-D-9520
Fig. 16—External Connections for Directional Balanced Over- Fig. 17—External Connections for Directional Overcurrent
current Phase Protection of Two Parallel Lines Using Phase Protection of a Three Phase Line Using Three AT
One Type H-3 (90° Connection) and Three Type SC Type CO Torque Controlled Relays Directionally
Relays All in the Type FT Cases. Controlled By One Type H-3 (30° Connection) and
i One Type MG Relay All in the Type FT Cases.
3 PHASE BUS PHASE ROIATION A5 L A
8
3 PHASE BUS PHASE ROTATION A B C A
B
C
a T . i g A
. R .
\ > 3 POS¢ 8
- NEG- POS c
=P 3 — NEG. TIMER OR
o e o c il g w8 * : 'TOVERLMD RELAY
N1 o e
=N ; ™IP 2 @ PPy
) | § ol &o&%ecg T© GMD 1‘:?« G
& g TeANSH ARE vbe &W
£ &
&uﬂ : & B 02J
% i ] ¢ 8 9y
vl ,Z is|2E, o1
g : e A=+
g i 5 & £
a [ | S S WL T
Ef' A_“ <P<>i: — o
149 REAR VIEW
444 S S S .
$$ o+
N | X
; ALL RELAYS- REAR VIEW QR
.. = eoumou Ea H-3 RELAY VOLTAGE
€ = | ~ AND CURRENT iN PHASE
- PHASE "A ABC / FOR MAX. TORQU
! VOLTAGE ACROSS Ta
P POTENTIAL COIL VECTOR / FOR REVERSE WATTS
ROTATIONy (TRIPPING DIRECTION REVERSED)
ABC USE L.H.REAR VIEW CONTACTS.
Ig
Egc c
1 EC/‘ Eg
VECTORS FOR 100% P.F.
VECTORS FOR W00 7o Mk POWER IN TRIPPING DIRECTION.
N POWER IN TRIPPING DIPECT!ON
Eca e 11- D- 8}
; 9528 o,

Fig. 18—themal 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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Type H-3 Relay
The polarity of the relay is checked as

follows: Refer to figure 2 or 3 and apply 115
volts and 5 amperes (in phase) to the corres-
ponding current coils in
with

connected together.

voltage and turn,
the terminals marked with polarity marks
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
Adjust the small cylinder behind
.009 inch contact

by advancing the

are open.
the moving contact to obtain
follow. This 1is done
cylinder until it just touches the rear of the
moving
1/2 turn.

contact spring, and then backing off

45° Characteristic Relay Adjustments

Remove spring restraint by adjusting e

spring adjuster. Apply single-phase curr

of 50 amperes with polarities as sho

ternal schematic diagram to the
which should be
potential coil

When
center itself due to the combi
duced by the

restraint.

connected in
should be

energized the relay movi

50 amperes
Rea@jus
until the cent 1

spring

Jjuster osition of the

moving element ly the same for the
condition of zero &‘ r with 50 amperes
in the current . der this condition
the torque pron he spring at the
centering zero and does not tend
to "offsef @ft the centering position
due to This final centering

called the neutral position.

3 element in the neutral posi-
each stationary contact for .015
spacing and lock in this position

and .035 inch for

inch contac
for 0G0 and 50 cycle relays

5 cycle relays.

ere are two adjustable stop screws located
the frame
when the

casting. These stops are used

relay 1s supplied with two circuit

closing contacts and perform the same function

usy PHASE ROTATION 48 ¢

- p——
B o
G ———o

Ny

3 8&)surtar

e
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:‘:“cs‘ P | AMMETER
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" o
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st |TEST BAsE
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Fig. 20—Diagram of Test Connections for the Types H-3 and
HV-3 Relays.

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 o7

ternal

volts with polarities as shown on in-

schematie diagram to the potential
coils which
Each current
When the

the moving element will tend to be centered by

should be connected in parallel.
coil should be open-circuited.
potential circuits are deenergized
the spring. When the potential circuits are
energized the
to the right or to the left.
condition the
to the right,
adjusted to move the

moving element may move either
If under this
moving element moves the con-

tacts the gprin:; should be re-

deenergized spring
centering position of the moving element to
the 1left. If under this condition the moving
element moves the contacts to the left, the

to move the de-

9

spring should be readjusted
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of
Continue

the
to

spring

energized spring centering position
to the right.

centering position of the

element
the

a small movement of the gpring adjuster

moving
shift
until
will
direction

cause the moving element to move in one
when the potential is applied and a

the other direction will
element to
posite direction. Thils final centering posi-
tion will ©be called the
With the moving element in
tion adjust
inch contact spacing and lock in this position

.035 inch for

small movement in

cause the moving move in the op-

neutral position.
the neutral posi-
each stationary contact for .015
for 60 and 50 cycle relays and
25 cycle relays.

Type HV-3 Relay

The tests
characteristic relay
the

H-3 45°
HV-3

restraint circuit is

outlined for the type

also apply to the
relay when voltage
not connected. To complete
the type HV-3 relay with all

nected, involves

make a check on
circuits
test

and

con-
three-phase source,
phase shifter, potentiometers, non-induc-
tive resistors for controlling the voltage and
This test

characte

current to the relay respectilvely.
of all the
istics of the relay at the proper phase angle.

wlll permit checking

This test procedure however 1is wusually
complicated for routine filed testing.
complete test may be simplified fop fie
testing by the following modificatiﬂh .

three phase restraining voltage \re—
straining element and single to all
three phases of the directional For
the latter element the potenti c are all

connected in parallel and th current coils:
non-inductive
about 457

positlion and

are connecfted in series.
load, the

away

relay will ating

from 1its ma um orque

consequently curr lue to trip a given
voltage will be in y about 30%. Since
tne comblnation of e-phase restraining

torque and single-phase operating torques on

all three elements.,produces some unbalanced
torque in t moving element, 1t 1s recom-
mended th ts be made at a reduced voltage

ess). With &5 volts applied to

voltageWwestraint elements, about & amperes 1is

requ unity power factor to make the re-

lay operate.

To check the circuits thru the voltage re
straint element, the relay should be energized
at The
potential elemen

normal voltage for about 10 minutes.
circuilt of the directional
should then be opened.

Then open the phase
potential to the voltage restraint e and
observe the torque produced on t ngele-

r
p

ment, if any. Replace A lead a ve the B
lead and again observe the torque eat for
the C lead and in all case er ould be no

s
torque or a very slight torq resent. Any
defects 1n the colls or c citors of the
voltage restraint cinpeul will be made ap-
parent by the presen of excessive torque

during this test.

Contactor Switc

Adjust ,the ary core of the switch for

a clearan et n the stationary core and
the mo g c when the switch is picked up.
This n most convenliently done by turning
the [(r up-side-down. Screw up the core

il

off the core screw until the moving
This indicates the point
the play in the moving contact assembly

the moving core starts rotating.

sekew
@ back

ore stops rotating.

taken up, and where the moving core just
eparates from the stationary core screw.
Back off the stationary core screw one turn
beyond this point and lock in place. This
prevents the moving core from striking and
sticking to the stationary core ©because of

residual magnetism. Adjust the contact clear-

ance 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 ampere d-c. Test
for sticking after 30 amperes d-c have been

passed thru the coll. The coill reslistance is

approximately 1.0 ohm.

Operatlon Indicator

Adjust the 1indicator to operate at 1.0 am-
pere d-c¢ gradually applied by lonsening the
two screws on the under side of the assembly,

backward.
wvhich reset the
they

and moving the bracket forward or
If the two helical

armature

springs

are replaced by new springs,

-~
»~

i
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should be weakened slightly by stretching to parts can be furnished to the cust
obtain the 1 ampere calibration. The coil are equipped for doing repair
resistance 1s approximately 0.16 ohm. ordering parts, always give

nameplate data.

RENEWAL PARTS ENERGY REQUIREN@NTS
Repair work can be done most satisfactorily The burdens and constan of the relays are
at the factory. However, 1nterchangeable as follows per pha\
TYPES H-3, HV-3, 45° CHARACTERISTIC Y
VALUES AT 115 VOLTS, 5 AMPERES, C S
Type H-3 Type HV-3
Voltage
Current Current Circuit Restraint
Circuit Circuit |[(Directional) Circuit
Resistance (ohms) 0.045 0.045 3040 1760
Reactance Sohmsg 0.04 0.045 1320 2040
Impedance (ohms 0.06 0.064 3310 2700
Watts 1.1 1.13 3.67 3.2
Vars 1. 1.13 1.59 3.7
Voltamperes 1.6 4.0 4.9
lag || 45° lag 23.5° 1lag 49° 1lag
5 115 115
230 e e

Power Factor 59
Continuous Rating (Amperes or Vol 5
One Second Current (Amps.) 230

. Q
S AT 115 VOLTS, 5 AMPERES, 50 CYCLES
\ Type H-3 Type HV-3
(«

Voltage

Current Voltage Current Circuit Restraint

Circuit | Circuit Circuit [(Directional) Circuit
Resistance 0.048% 2550 0.0488 2560 2720
Reactanc ) 0.0349 975 0.0349 975 1570
ImpedanceWob 0.060 2740 0.060 2740 3140
Watt 1.22 4.5 1.22 4.5 3.17
Var .87 1.71 | .57 1.71 1. 84
Volt es 1.5 4.620 1.5 o 4.820 3.66°
Power 33.5°lag | 20.8° lag | 33.5°lag| 20.8° lag 30.1° 1lag
Continuous Rating (Amperes or Volts) 5 115 5 115 115
One Second Current (Amps.) 230 v 230 e ce

11



TYPES H-3 AND HV-3 RELAYS

TYPE H-3, WATT CHARACTERISTIC RELAY

L 4
VALUES AT 115 VOLTS, 5 AMPERES, 60 CYCLES
Type H-3

Current Voltage

Circuit Circuit
Resistance (ohms) .028 2740
Reactance éohms .0192 1440
Impedance (ohms .034 310
Watts .70
Vars .48 97
Voltamperes .85
Power Factor 34.5°%1ag .8%lag
Continuous Rating (Amperes or Volts) 5 5
One Second Current (Amps.) 230 .

TYPES H~3, HV-3

VALUES AT 115 VO

CTERISTIC RELAY

AMPERES, 25 CYCLES

Type HV-3
Voltage
Cur t ltage |{Current Circuit Restraint
i t rcuit [[Circuit | (Directional) Circuilt
Resistance (ohms) 3830 .0380 830 3980
Reactance thmsg 3200 .0192 200 990
Impedance (ohms 5000 .0420 5000 3100
Watts 2.03 e 2.03 3.12
Voltamperes 2.65 1.05 2.65 3.22
Power Fac lag | 40° lag [|26° lag 40° lag 14° lag
115 5 115 115
. 230 oes ces

)

A
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INSTALLATION

Westinghouse 1.L. 41-226.2B
e OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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.

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 triangles
Thus, at normal voltage, sufficient torque is produced
to prevent operation of the relay on normal lead eur-
rent flow. Any fault on the system reduces'the area
of the voltage triangle, and consequentlyqthe“a@amount
of restraint. At the same time the current in“the relay
increases and the relay operates if the faultyis in the
contact closing direction. Since the voltage triangle
does not collapse as much on groundgfaultsias it does
on phase faults, it is desirablegto remove)voltage re-
straint on ground faults. This mayyeasily be done by
an instantaneous overcurrent ground ‘relay (type SC)
with its back contacts conngcted“te open any one of
the leads to the voltage restraintyelement.

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 bedat least“twice the maximum load current
flow (with4no voltageyrestraint on the relay) so that
if the fault currentfand 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
corréet, 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. 41-226.2A

*Denotes change from superseded issue.

mended that a separategground directional relay be
used.

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

CONSTRUCTION AND OPERATION

The 4type ) H-3 'r€lay consists of a polyphase direc-
tional unit, ‘two contactor switches, and two opera-
tion indicaters. 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.

EFFECTIVE AUGUST 1961
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SPRING ADJUSTER
FOR TYPE H-3
RELAY ONLY
LAG LOOPS
VOLTAGE
COiL
FRAME
STOP
ARM ; ALEggyM
NON [
BOUNCE
CONTACT CURRENT
L‘ colL
MAGNETIC §§§
CIRCUIT ——

RED HANDLE ——

NOTE:
RELAY SUPPLIED FOR
90° CONNECTION USING [T
INTERNAL PrASING
LOOPS UNLESS OTHER-
WISE ORDERED

OPERATION INDICATOR
LEFT ELEMENT ——
(F.v.)

WITH RELATIVE IRSTANTA-
NEQUS POLARITIES AS SHOWW
THE MAKE COMTACT CLOBES
ANDTHE MOYING ELEMENT
ROTATES COUNTER CLOCKMISE
(107 vigw)

| —CENTER ELEMENT
(F.v.)

| RIGHT . ELEMENT
(F.v.)

| CIHASSIS OPERATED
SHORTING SWITCH

-RE0 HANDLE

FRONT VIEW

-1 -TEST SWiiCh
[~ CURRERT TEST uACK

~—TERMIRAL

183A335

Fig. 1 — 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 “BC® (delta) voltage which
for a system power factor of unity, lags the current by
90°. Hence, 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 loeps around the
center pole of the electromagnet. Thus maximum
torque occurs when the relay current leads the relay
voltage by about 0 degrées.

The instantaneou$ torquepin each element of the
relay is produced 4by the instantaneous products of
voltage (loop current)iand carrent (air gap flux) in the
electromagnet, which is ‘aldouble frequency pulsating
torque. The torques in the other two electromagnets
are also pulsating, but they are displaced 120 degrees
in time phasetand when all three instantaneous values
are added,(the result is a uniform non-pulsating torque.

Twg meving 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
shaftin, A stop bracket with a small cylinder partially

2

FT22 Case.

Fig. 2 ="Internal Schematic of the Type H-3 Relay in the
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Fig. 3 — Internal Schematic of the Type HV-3 Relay in the
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filled with tungsten powder is mounted behind each
moving contact. When the moving contacty 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 pressures, The particles of
tungsten powder in the small'‘eylinder slide over each
other at the instant of impa€t and*absorb the energy in
the moving element. A flexible metal ribbon conducts
current to the moving contacts?

The type H-3 relayisystipplied with spring restraint
which is adjisted, toheld the contacts in the normal
non-trip position’when, the relay is deenergized. This
prevents an incerrect 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.

Vdltage\Restraint Unit

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-

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 (El) applied and the
center coil has another delta voltage (EZ) 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:

V1‘ Ve sin 6

where 9 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

3
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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-c contactor switch in the relay is™&@ smail
solenoid type switch. A eylindrical plunger with a
silver disc mounted on its lower end moveSyin 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“themyof the duty of carrying
tripping current. These contacts remain closed until
the trip circuit is /0pened by the auxiliary switch on
the breaker.

Operation Indicator

The operation indicator is a small solenoid coil
connected(iny,the trip circuit. When the coil is ener-
gized, amspring-restrained armature releases the white
target which falls by gravity to indicate completion of
the tripacircuit. The indicator is reset from outside
of“the ‘ecase by a push rod in the cover or cover stud.

4

Fig. 7:="Fypical Time — Current Curves of 50 and 60 Cycle
HV<3 Relay for Three Phase Faults at Maximum
Torque Angle.

Indicating Contactor Switch Unit (ICS) — (HV-3 only)

The d-c 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.

CHARACTERISTICS

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-c
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

P
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pick-up of one ampere d-c 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 contactelesing
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 sensitivit§y 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-eycle three phase
minimum pick-up without spring restraint of the type
H-3 relay is 0.08 amperes at J1§yvolts, 0.15 ampere at
10 volts, and 5.0 amperes atdi, voltt The single phase
minimum pick-up currents” are“approximately three
times those for three phase. JIn the absence of suf-
ficient operating cuprént, the contacts may be held
either open or closed by altoggle acting voltage —only
torque. The affeetyofthi's torque is described in the
section under“‘Watt Characteristic Relay Adjustments.?”’
It will be@oted fromgthe curves that the sensitivity of
the type HV-3irelag 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 eurves 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 50 and 60 Cycle
Type HV-3 Relay Without Voltage Restraint for
Three Phase Faults at Maximum Torque.

Trip Circuit (HV-3 only)

The main contacts will safely close 30 amperes at
250 volts d-c 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.

Trip Circuit Constant (HV-3 only)
Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c 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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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 insiructions
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 infline With
the center of the middle leg of the magnetic“eircuit.
If necessary, this adjustment can be obtained%by loos-
ening the electromagnet mounting Serewsjand 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 difection.

Adjust the back-up strip located in front of each
moving‘eontaet by bending so that it just touches the
contaeéty,Spring when the contacts are open. Adjust
theysmall cylinder behind the moving contact toobtain

6

.009 inch contact follow. This is done by advancing
the cylinder until it just touches the rear of thegmov-
ing contact spring, and then backing off 1/2\turn;

45° Characteristic Relay Adjustments

Remove spring restraint by adjusting the sspring
adjuster. Apply single-phase current,of 50 amperes
with polarities as shown on internal schematic diagram
to the current coils which shouldy be ,connected in
series. Each potential coil should beyshort-circuited.
When energized the relay moving/element will center
itself due to the combined terques produced by the 50
amperes of current and the spring restraint. Readjust
the spring adjuster until the, centering position of the
moving element is exactlyythe same for the condition
of zero current or with'50 amperes in the current coils.
Underthis 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“finad centering position will be called
the neutral peosition. With the moving element in the
neutralifposition adjust each stationary contact for
.015 inch“eentact 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 shownon 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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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 cons:
tact spacing and lock in this position for 60 and 50
cycle relays and .035 inch for 25 cycle relays.

Type HV-3 Relay

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 therelay 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 connegted
in series. With a non-inductive load, the relayawill be
operating about 45° away from its maximum torque
position and consequently current valuesitof'trip a
given voltage will be increased by about%80%.%Since
the combination of three-phase restraining torque and
single-phase operating torques on all threehelements
produces some unbalanced torque inythe 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 elementsy, about 8 amperes
is required at unity powersfactor to make the relay
operate.

To check the circuits thru the voltage restraint
element, the relay shouldsbe energized at normal
voltage for about 10 minutes. The potential circuit of
the directionaltelement should then be opened. Then
open the phase AWgpotential to the voltage restraint
unit and /observe the torque produced on the moving
element, ifjany. /Replace A lead and remove the B
lead and againjobserve 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 {eapacitors 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 switchfor a clear-

ance between the stationary core and the moving core
when the switch is picked up. This can be mnost 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 indieéates the point
where the play in the movifig contact assembly is
taken up, and where the moving core just separates
from the stationary core serewss®*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 theystatienary core because of resid-
ual magnetism. gAdjustithe contact elearance for 3/32
inch by means,of thes4wo small nuts on either side of
the Micarta, disc.9WThe switch should pick up at 1 am-
pere d-c. _Test for sticking after 30 amperes d-c have
been passedythru the coil. The coil resistance is
approximately 1.0 ohm.

Operation Indicator

Adjust the indicator to operate at 1.0 ampere d-c
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.

Indicating Contactor Switch (ICS) — (HV-3 only)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greater than the particular ICS tap 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 REQUIREMEMENTS

The burdens and constants of the relays are as
follows per phase:
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TYPES H-3, HV-3, 45° CHARACTERISTIC RELAY
VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES
Type H-3 Type HV-3
Voltage
Current Voltage Current Circuit Restraint
Circuit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.050 2070 0.050 2070 %1480
Reactance (ohms) 0.052 1530 0.052 1530 1840
Impedance (ohms) 0.072 2580 0.072 2580 2360
Watts 1.25 4.59 1.25 459 3.84
Vars 1.29 3.40 1.29 3.40 4.75
Voltamperes 1.82 5.71 1.82 5.71 6.1
Power Factor 46° lag 36.5° lag 46° 1ag 36° lag 51° lag
Continuous Rating (Amperes or Volts) 5 120 5 120 120
One Second Current (Amps.) 230 230
VALUES AT 120 VOLTS, SAMPERES, 50 CYCLES ‘
Type H-3 Type HV-3
Voltage
Current Voltage Current Circuit Restraint
Circuit Circuit Circuit (Directional) Circuit
Resistance (ohms) 0.0488 2560 0.0488 2560 2720
Reactance (ohms) 0.0349 975 0.0349 975 1570
Impedance (ohms) 0.060 2740 0.060 2740 3140
Watts 1.22 4.89 1.22 4.89 3.44
Vars .87 1.86 .87 1.86 2.00
Voltamperes 1.5 5.23 1.5 5.23 3.98
Power Factor 33.5°lag | 20.8° lag 33.5° lag 20.8° lag 30.1° lag
Continuous Rating (Amperes oFVolts) 5 120 5 120 120
One Second Current (Amips.) 230 230
P
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TYPE H-3, WATT CHARACTERISTIC RELAY
VALUES AT 120 VOLTS, 5 AMPERES, 60 CYCLES

Type H-3
Current
Circuit
Resistance (ohms) .028
Reactance (ohms) .0192
Impedance (ohms .034 0
Watts .70 4.09
Vars .48 2.14
Voltamperes .85 4.62
Power Factor S 27.8° lag
Continuous Rating (Amperes or Volts) 5 120
One Second Current (Amps.)
TYPES H- A 45° CHARACTERISTIC RELAY
VALUES 5 1 OLTS, 5 AMPERES, 25 CYCLES
e H-3 Type HV-3
Voltage
L 2 Current Voltage Current Circuit Restraint
ircuit Circuit Circuit (Directional)
Resista (o .0380 3830 .0380 3830 3980
Reactan .0192 3200 .0192 3200 990
Imped@ms) .0420 5000 .0420 5000 4100
W N 2.20 .94 2.20 3.39
A peres 1.05 2.88 1.05 2.88 3.50
\ actor 26°lag | 40° lag || 26° lag 40° lag 14° lag
Continuous Rating 5 120 5 120 120
Second Rating || 230 230

L 4



o1

*(uog4d3uuo )

006) ®50D Zed 4 Ul IS Hup) 331y ] PuD £-H — UOJ§D3j0iy 3UI7] |9]|DiDg }|ND 3SDYJ 104 I14OWIYIS [OUIXY = O] 61d %

9Log6g2

STATION BRUS PHASE ROTATION 1,2,3

-+————TRIPPING DIRECTION

3 : A Vi
. | v2
' -~ v3
32 32 I PHASE
12 . 13
L_,(,i*_f»’vv |
32 32
3
Zi*_rYW\._*_uw 2
32 32
6 7 —ete
S LAV S a8 gt

.
AT
n
S AL

14
4 ot
32 32 50 50
! 14 5 4
——osi)éi—j\/—:%(—(\ %’/\,‘}‘/o—«yl
52-1 32 32 50 50
5+ o «, 4 7 6 4
| 2 Ts2 oso ' T5Q
94+ « 8 9 . p e, 8 L
| 2 3 -——o—)@—/\r,\v ¥ ’\/ Ko—:_b
LINE I -

Vio
pHASE [ H-3
11,4 ELEMENT
RGTAT 0N ve3
I3 Ip
V3e

VECTORS AT 100%)P.F. POWER
IN TRIPPING DIRECTION

PHASE

52-II

123
LINE II

<«—————TRIPPING "’ DIRECTION

TRIP CIRCUITS

POS.~ POS.
50150y, 150

500,20 450 20 420 150
1 l|4 [ 16 12 I
3z 32
10 20
>
3 L csy #H3 Lesz
L
cs2
o (8]
32 32
| il
52a-1II 52a-I
94-1 94-II
BKR,/52 BKR,
I \J¢C o
52a-1I 52a-II
N C— [P G

DEVICE NUMBER CHART_

50 - INSTANTANEOUS OYERCURRENT RELAY,TYPE SC, THREE UNIT
32 - POLYPHASE DIRECTIONAL RELAY, TYPE H-3

ggé AUXILIARY CONTACTOR SWITCH

9% - AUXILIARY TRIPPING RELAY, TYPE SG
52 - POWER CIRCUIT BREAKER

a - BREAKER AUXILIARY CONTACT
TC - BREAKER TRIP COIL

i

SAVTI3Y €°AH ANV €°H S3dAl




I.L. 41-226.2B

STATION BUS

PHASE ROTATION

1,2,3

v

TYPES H-3 AND HV-3 RELAYS

«————TRIPPING DIRECTION

i""‘?

jo

o

T
o

52 VECTOR
ROTATION

Vay

7 PRASE 1 H=3
ELEMENT

VECTORS ATW200%"P4F. POWER

IN TROPPING)D IRECTION

PHASE

NOTE:

NOMINAL VOLTAGE OF

32X RELAY SHOULD

BE APPROXIMATELY

1/2 CONTROL VOLTAGE

Rg EQUAL TO 32x
COIL RESISTANCE

POS,

NEG.

D.C. TRIP BUS

2 32X 51
0 0 0

51-2 51-3
1cs 51-1
51
]
S —
52
TC
52
J‘ a

DEVICE NUMBER CHART

51 - OVERCURRENT RELAY, TYPE CO
ICS - INDICATING CONTACTOR SWITCH
32 - POLYPHASE DIRECTIONAL RELAY, TYPE H-3

gg;}AUXILIARY CONTACTOR SWITCH

32X - AUXILIARY RELAY, TYPE MG-6
52 - POWER CIRCUIT BREAKER

a - BREAKER AUXILIARY CONTACT
TC - BREAKER TRIP COiL

289BOTT
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TYPES H-3 AND HV-3 RELAYS
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Fig. 14 = Outline and Drilling Plan for the H-3 Relay in the FT22 Case.
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* Fig. 15 = Outline and Drilling Plan for the HY-3 Relay in the FT32 Case.
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