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CAUTION

Before putting relays into service,
remove all blocking which may have been inserted
for the purpose of =securlng the parts during
shipment, make sure that all moving parts oper-
ate freely, 1inspect the contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connections.

APPLICATION

The types H-3 and HV-3 relays are
polyphase directional relays and are used to ob-
tain high speed directional discrimination
during faults on power systems. The Type HV-3
relay has a voltage restraint element which in-
troduces a restralning torque on the relay pro-
portional to the area of the voltage triangle.

Thus, at normal voltage, sufficient torque 1s
produced to prevent operation of the relay on
normal load current flow. Any fault on the

system reduces the area of the voltage triangle,

and consequently the amount of restraint. At

the same time the current in the relay increases

and the relay operates if the fault is in the

contact closing direction. Since the voltage

triangle does not collapse as much on ground
faults as it does on phase faults, 1t 1s desira-

ble to remove voltage restraint on ground faults.
This may easlly be done by an 1nstantaneous

overcurrent ground relay (type SC) with 1ts back
contacts connected to open any one of the leads

to the voltage restraint element (terminals 21,

2% or 24).

The direction of power flow for both
and ground faults can be detected with
these relays. To obtain correct operation
during ground faults, it 1s necessary that the
minimum current 1n the faulted conductor be at
least twlice the maximum load current flow (with

phase

no voltage restralnt on the relay) so that 1f
the fault current and 1load currents are in
opposition, the former wlll always predominate

torque on the relay in the cor-
Stated another way, the minimum
line-to-ground current must be at least three
times the maximum load current for correct
ground fault protectlon. Low ground current
occurs most frequently on lmpedance grounded
systems. Where positive directlonal indicatlon
cannot be obtalned under all system conditions,
it 1s recommended that a separate ground direc-
tional relay be used.

CONSTRUCTION AND OPERATION

and give a net
rect direction.

The Type H-3 relay consists of a poly-
phase dlrectional element and two contactor
switches. The Type HV-3 relay consists of a
polyphase dlrectional element, a voltage re-
straint element, and two contactor switches.
These elements are as follows:
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Polyphase Directional Element

This element consists of three elec-
tromagnets, and a vertical shaft with three
movable 1loops, arranged as shown in figure 1.

Each loop has 1ts outer side located in an air
gap within the electromagnet. Each electro-
magnet has a three-legged magnetic circuit wound
with three coils. The colls on the two outer
legs are the voltage windings. Voltage applied
to these coils 1induces a large current 1in the
loop by transformer action. Current flowlng
thru the current coll on the center leg of the
electromagnet produces an alr gap flux which
interacts wilth +the 1loop current flux in the
outer side of the loop and causes rotation of
the shaft 1in a direction corresponding to the
direction of flow alternating current powver.

One 1loop and its associated electro-
magnet make up one phase of the three-phase re-
lay. A delta voltage and a star current are
applied to each electromagnet, and proper phase
angle characteristics are obtained as follows.
The loop, which 1s considered as the secondary
load of a transformer, has a much higher resis-
tance than reactance, and the loop current lags
the voltage applled to the electromagnet by an

angle of 10 to 15 degrees. The alr gap flux
lags the applied current by about 55 to 60 de-
grees because of the three lag loops around the

centerpole of the electromagnet. Thus maximurm
torque occurs when the relay current leads the
relay voltage by about 45 degrees.

The 90° Connection 1s used on the re-
lay to glve the required delta voltage and star
current. With this connection one of the elec-
tromagnets will have "A phase" (star) current
and "BC" (delta) voltage which rfor a system
power factor of wunity, lags the current by 90°.
Hence, with this connection and the above (45°)
relay characteristic, maximum torque is obtained
when the system fault current 1is lagging its
unity power factor position by 45°.

The
ment of the
taneous

Instantaneous torque in each ele~-
relay 1s produced by the 1instan-
products of voltage (loop current) and
current (air gap flux) 1in the electromagnet,
which 1s a double frequency pulsating torque.
The torques 1n the other two electromagnets are
also pulsating, but they are dlsplaced 120 de-
grees 1n time phase and when all three instan-
taneous values are added, the result 1s a unil-
form non-pulsating torque.

Two moving contacts are mounted at
right angles to each other on the outer end of a
leaf spring which in turn is mounted on Isolan-
tite arm on the moving shaft. A stop bracket
with a small c¢ylinder partially f1lled with
tungsten powder 1is mounted behlnd each moving
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LAG LOOPS

VOLTAGE

Fig. 1
Schematic Top View of the Polyphase Directional
Element .

contuct. When the movling contact strikes

against  the rigid fixed contact screw, the
sprirg 18 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 small cylirnder slide over each

other at ths instant of 1ripact and absorb the

energy in the mnmoving element. A flexible metal

ripbon conducts current to the moving contacts.

Voltage Restraint Element

This element 1s supplied only in the
type HV-3 relays and consists of three electro-
magnets and loops simillar to those used on the

directional element. The restraining element 1is
mounted below the directional element and the
loops of the two elements are fastened to a
common vertical shaft which operates the two
contacts as described above. The outer coils of
each electromagnet have one delta voltage (E1)
applied and the center coll has another delta
voltage (Ep) applied. By means of the capacltor
units in serles with the outer two colls, the
phase angle characterlistics of the electro-
magnets are such that the torque of the element
is proportional to
El E2 sin. @

where © 1s the angle between the two delta vol-
tages and is normally 60°.

If any one of the three delta voltages,
completely collapses during a fault, there 1s 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 electro-
magnet 1s connected to a different comblnation
of delta voltages so that a uniform restraint
torque and balanced burdens are obtalned.

Restraint can be removed by opening
any one supply 1lead to the restraint element.
This applies single phase to all three electro-
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Fig. 2
Internal Wiring Diagram of the Type H-3 Relay

magnets and the sine of the angle becomes zero.
At normal voltages 10 amperes 1s required 1in
each element at maximum torque to overcome the

restralnt torque.

‘Contactor Swiltches

The d-c contactor switch in the relay
is a small solenold type switch. A cylindrical
plunger with a sllver disc mounted on 1ts lower
end moves 1n the core of the solenoid. As the

plunger travels wupward, the dlsc bridges three
silver statlonary contacts. The coll 1s in
serles with the maln contacts of the relay and

with the trip coil of the breaker. When the
relay contacts close, the coll becomes energlzed
and closes the swltch contacts. This shunts the
main relay contacts, thereby relieving them of
the duty of carrying tripplng current. These
contacts remain closed untll the trip circult
1s opened by the auxiliary switch on the break-
er. The contactor switch ois equlpped with a
third point which 1s connected to a terminal on
the relay to operate a bell alarm.

CHARACTERISTICS

H-3 and HV-3 relays are
one make and one break

The Type
normally provided with
non-independent contacts connected a&s shown in
figures 2 and 3. Two suxliliary contactor
switches--one 1n each contact circuit--provide
seal-in circults for the main relay contacts.
The maln contacts willl close 30 amperes at 250
volts d-c. and the auxiliary contactors will
safely carry thils current until the breaker 1s
tripped and the auxiliary "a" switch opens. The
contactor switch has a minimum pilck-up of one
ampere d-c. and a coll resistance of one ohm.

Typlical phase angle characteristics
are shown 1n figure 4. Maximum torque, 1in the
contact closing dlrection, occurs when the line
current lags the 1line-to-neutral voltage bX
approximately 45 degrees, when wuslng the 90
connection.

Typical sensltivity curves at maximum
torque are shown 1in figure 5. The sensitivity
of the Type HV-3 relay without voltage restraint

9
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is the same as the Type H-3 relay. The 60 cycle
three phase minimum pick-up of the Type H-3 re-
lay 1s 0.08 amperes at 115 volt, 0.1 amperes at
10 volts, and 2.0 amperes at 1 volt. The single
phase minlmum 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 1s de-
creased only at voltages above 2 volts. The
curves also show that 10 amperes 60 cycles are
required at 115 volts to overcome voltage re-
straint.

Typical time curves for the 60 cycle
relays are shown 1n figures 6 to 9. All curves
are for a contact spacing of .030 inch and at
maximum torque (45°).

INSTALLATION

The relays should be mounted on
switchboard panels or thelr equivalent in a lo-
catlon free from dirt, molsture, excessive vi-
bration and heat. Mount the relay vertically by
means of the two mounting studs. Either of
these studs may be utllized for grounding the
relay base. The electrical connections may be
made direct to the terminals by means of screws
for steel panel mounting or to termlnal studs
furnished with the relay for ebony-asbestos or
slate panel mounting. The terminal studs may be
easlly removed or inserted by locking two nuts
on the studs and then turning the proper nut
with a wrench.

The external connections for typical
applications of the Type H-3 and HV-3 relays are
shown 1n figures 10, thru 15. In all cases the
90° connection must be used, since the phase
shift to obtaln maximum torque at current
lagging 45° 1s obtained within the relay.

It 1s recommended that the directional
controlled scheme of figure 11 be used for both
the Type H3 or HV-3 relays where 1t 1s possible
to obtaln a reversal of current after the fault
18 cleared. The connections for the Type H-3
relay wlll be the same as figure 11 except the
voltage restrailnt element will be omitted and
the terminal markings changed to those of the
Type H-3 relay per figure 10.

ADJUSTMENTS AND MAINTENANCE

All contacts should be perlodically
cleaned with a fine file. S#1002110 file is re-
commended for this purpose. The use of abrasive
material for cleaning contacts ls not recommend-
ed, because of the danger of embedding small
particles 1in the face of the soft silver and

thus Impairing the contact.

The
rect operation

proper adjustments to insure cor-

of this relay have been made at
the factory and should not be disturbed after
recelpt by the customer. If the adjustments
have been changed, the relay taken apart for re-
pairs, or i1f 1t 1s desired to check the adjust-
ments at regular malntenance periods, the in-
structions below should be followed.

Adjust the lower bearing so that both
the top and bottom of the loops are equi-distant
from their respectlive magnetic cilrcuits. Ener-
glze the potential circults of the relay until
the loops reach operating temperature. About ten
minutes at normal voltage 1is necessary to reach
this condltion. When the operating temperature
1s reached, adjust the upper bearing for 1/64
inch clearance.

The 1loops of each element must be in
line with the center of the middle leg of the
magnetic circult. If necessary, this adjustment

can be obtalned by loosening the electromagnet

_3_
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Internal Wiring Diagram of the Type HV-3 Relay

mounting screws and moving the whole electro-
magnet in the desired direction. All three ele-
ments 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
volts and 5 amperes (in phasef to the corres-
ponding voltage and current coils in turn, with
the terminals marked with polarity marks con-
nected together. Looklng at the top of the re-
lay, the moving element should rotate in s
counter-clockwise direction, or, in other words,
the contacts connected between terminals 13 and
14 should close.

Adjust the back-up strip located in
front of each moving contact by bending so that
1t just touches the contact spring when the con-
tacts are open. Ad just the small cylinder be-
hind the moving contact to obtain .009 inch con-
tact follow. This 1s done by advancing the cy-
linder wuntll 1t just touches the rear of the
moving contact spring, and then backing off 1/2
turn.

Apply 115 volts a-c. to the three po-
tentlal coills of the relay in parallel with the
polarity marked terminals common. With voltage
alone applied, the relay has a "de-centering"
torque on elther side of the neutral position;
that 1s, the moving element will move awvay from
the neutral position when displaced from it.
With the moving element in the neutral position,
adjust each stationary contact for .015 inch
contact spacing and lock in this position.

There are two adjustable stop screws .
located on the frame casting. These stops are
used when the &relay is supplied with a single
contact, or wlth two circult-closing contacts
and perform the same functlon as the stops on
the moving contact assembly. With contacts on
one side only of the moving element, the neutral
position 1s obtalned by applying voltage to all
three elements as above. The loop stop screw is
adjusted so the moving element is prevented from
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Fig. &4
Typical phase Angle Curves for the Types H-3 and HV-3 Relays
Balanced Three-phase Power Appliled.
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TYPE H-3 & HV-3 RELAYS

moving beyond this neutral position in the con-
tact-opening direction. The stationary contact
or contacts are then adjusted to provide a con-
tact travel of .030 inch. For relays with two-
circult closing contacts care must be used to
ad Just the stationary contacts so that both con-
tact circults close simultaneously.

Type HV-3 Relay

The tests outllned for the H-3 relay
also apply to the HV-3 relay when the voltage
restraint circuit 1is not connected. To make a
complete check on the HV-3 relay with all cir-
cults connected, 1t 1s recommended that the test
dlagram, as shown 1n figure 16 be used. This
Involves a three-phase test source, phase
shifter, potentiometers, and non-inductive re-
sisters for controlling the voltage and current
to the relay respectively. This test dlagram
will permlt checking of all the characteristics
of the relay at the proper phase angle. Slnce
this test procedure is usually too complicated
for routine fleld testlng, a check test for
relays installed in the field can be made with
the test circuit, simplified to the extent of
applying three-phase restralnt voltage to the
restraining element and single phase to all
three phases of the directional element. For
the latter element the potential colls are all
connected 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 comblnation
of three-phase restraining torque and single-
phase operating torques on all three elements
produces some unbalanced torque 1n the moving
element, 1t 1s recommended that tests be made at
a reduced voltage (65 volts or less). With 65
volts applled to both the directional and
voltage restraint elements, about 8 amperes 1s
required at unity power factor to make the relay
operate.

To check the circults thru the voltage
restraint element, the relay should be energlzed
at normal voltage for about 10 minutes. The po-
tential circult of the directional element
should then be opened. Then open the phase A

potential to the voltage restralnt element and
observe the torque produced on the moving ele-
ment, 1f any. Replace A lead and remove the B
lead and again observe the torque. Repeat for
the C lead and 1in all cases there should be no
torque or a very slight opening torque present.
Opening torque corresponds to a clockwise ro-
tation of the moving element when viewed from
the top. Any defects in the colls or capaclitors
of the voltage restraint circuits will be made
apparent by the presence of excessive torque
during this test.

Contactor Swiltch (Types H3 & HV-3 Relay)

Ad just the statlonary core of the
switch for a clearance between the statlionary
core and the moving core when the switch 1s
picked up. This can be most convenlently done
by turning the relay up-side-down. Screw up the
core screw until the moving core starts rotat-
ing. Now, Dback off the core screw until the
moving core stops rotating. This indlcates the
point where the play 1n the moving contact as-
sembly is taken up, and where the movling core
just separates from the stationary core screw.
Back off the stationary core screw one turn be-
yond this point and lock in place. Thls pre-
vents the moving core from striking and sticking
to the stationary core because of resldual mag-
netism. Adjust the contact clearance for 3/22
inch by means of the two small nuts on elther
side of the Micarta disc. The switch should
pick up at 1 amperes d-c. Test for sticking af-
ter 30 amperes d-c. have been passed thru the
coill. The coill resistance 1s avproximately 1.0
ohms .

RENEWAL PARTS

Repair work can be done most satisfac-
torily at the factory. However, interchangeable
parts can be furnished to the customers who are
equlpped for doing repair work. When ordering
parts, always glve the complete nameplate data.

ENERGY REQUIREMENTS

The burdens and constants of the re-
lays are as follows:

VALUES AT 115 VOLTS, 5 AMPERES, 60 CYCLES

Type H-3 Type HV-3
Voltage
Current | Voltage Current Circuit Restraint
Circuilt| Circuit Circuit | (Directional) Circuilt
Resistance (ohms) 0.045 3040 0.045 3040 1760
Reactance gohms 0.045 1320 0.045 1320 2040
Impedance (ohms 0.064 3310 0.06% 3310 2700
Watts 1.13 3.67 1.13 3.67 3.2
Vars 1.13 1.59 1.13 1.59 3.7
Voltamperes 1.6 4.0 . 1.6 ¥.0 ¥.9
Power Factor 45° lag| 23.5° lag| 45° lag 23.5° lag 49° 1ag
Continuous Rating (Amperes or Volts) | 5 115 5 115 115
One Second Current (Amps.) 230 e 230 ... ...
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I.L. 41-419C

INSTALLATION ¢ OPERATION ¢ MAINTENANCE.

INSTRUCTIONS

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

CAUTION
remove all blocking which may have been in-

Before puttling relays into service,

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.
Operate the relay to check the settings and

electrical connectlons.

APPLICATION

The types H-3 and HV-3 relays are polyphase
directional relays which are used to obtain
high speed directional discriminstion during
faults on power systems. The type HV-3 relay
has a voltage restraint element which intro-

‘duces a restraining torque on the relay pro-

portional to the area of the voltage triangle.
Thus, at normal voltage, sufficient torque is

produced to prevent operation of the relay on

normal load current flow. Any fault on the
system reduces the area of the voltage
trilangle, and consequently the amount of re-
straint. At the same time the current in the
relay 1ncreases and the relay operates 1f the
fault 1s in the contact closing direction.
Since the voltage trilangle does not collapse
as much on ground faults as it does on phase
faults, it 1is desirable to remove voltage re-
straint on ground faults. This may easily be
done by an instantaneous overcurrent ground
relay (type SC) with 1ts back contacts con-
nected to open any one of the leads to the
voltage restralnt element.

The direction of power flow for both phase
and ground faultg can be detected with these
relays. To ‘obtain correct operation during
ground faults, it 1s necessary that the mini-
mum current 1in the faulted conductor be at
least twice the maximum 1load current f'low

(vith no voltage restralnt on the relay) so

SUPERSEDES |I. L. 41-4198B
'Chqnqed since previous issue.

e

that 1if the fault current and load currents
are 1n opposition, the former will always pre-
dominate 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 grouﬁd
current occurs most frequently on impedance
grounded systems. Where positive directional
indication cannot be obtained under all
system conditions, it is recommended that a
separate ground directional relay be used.

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

CONSTRUCTION AND OPERATION

The +type H-3 relay consists of a polyphase
directional element, two contactor switches,
and two operatlon indicators. The type HV-3
relay consists of a polyphase directional ele-
ment, a voltage restraint element, two con-
tactor switches, and two operation indicators.

These elements are as follows:

Polyphase Directional Element

This element conslists of three electré-
magnets, and a vertical shaft with three
movable loops, arranged as shown in figure 1.
Each loop has its outer side located in an air
gap within the electromagnet. FEach electro-
magnet has a three-legged magnetic circult
wound with three coils. The colils on the two
outer 1legs are the voltage windings. Voltage
applied to these coils induces a large current
in the 1loop by transformer action. Current
flowing thru the current c¢oil on the center
leg of the electromagnet produces an air gap
flux which 1interacts with the loop

flux 1in the outer side of the loop and causes

current

EFFECTIVE OCTOBER 1952



TYPES H-3 AND HV-3 RELAYS
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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 E gain ©

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

angle

If any one of the three delta voltages com-

pletely collapses during a fault, there 1s no
torque on the electromagnet, since the
collapse of the third voltage makes the sine

the voltages zero. It
the

of the angle between

all three voltages decrease uniformly,

torque varles as the square of their magni -
tude. Each electromagnet 1s connected to a
different combination of delta voltages so

that a uniform restraint torque and balanced

burdens are obtained.

Restrailnt can be removed by opening any one
supply lead to the restraint element. This
applies to all three electro-
of the angle

single

and the

normal voltages 10 amperes 1s
each element at maximum torque to

phase

magnets sine becomes

zero. At re-~
quired in

overcome the restraint torque.

Contactor Switches

The d-c¢ contactor switch in the relay is a
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sawltch. A
silver disc mounted on

¢ylindrical
its
end moves in the core of the solenoid.
As the plunger disc
bridges three silver statlonary contacts. The
coll 1is 1n series with the mailn contacts of
the relay and with the trip coll of the
breaker. When the relay contacts close, the
coll becomes energized and closes the swiltch
contacts. This shunts the main relay
tacts, thereby relieving them of the duty of
carrying tripping current. These contacts re-
main closed until the trip circult is
by the auxiliary switch on the breaker.

small solenold type
plunger with a
lower

travels upward, the

con-

opened

Operation indicator

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

gravity to indicate completion of the trip

clircuilt. The indicator 1s reset from outside
of the

cover stud.

case by a push rod in the cover or

CHARACTERISTICS

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

provided with independent make and break con-

5



TYPES H-3 AND HV-3 RELAYS

tacts. Two auxlliary contactor switches--one
in each contact circult--provide seal-in cir-
cults for the maln relay contact. The main
contacts will close 30 amperes at 250 volts
d-c and the auxlliary contactors will safely
carry this current until the breaker is
tripped and the auxiliary "a" switch opens.
The contactor switch has a minimum pick—ﬁp of
one ampere d-¢ and a coll resistance of one
ohm.

Typical 50 and 60 cycle phase angle charac-
teristics of the 45° characteristic relay are
shown in filgure 6. Maximum torque, in  the
contact closing direction, occurs when the
1ine current lags the line-to-neutral voltage
by approximately 45 degrees, when using the

90° connectilon.

Typical 50 and 60 cycle sensitivity curves
at meximum torque are shown in figure 7. The
sensitivity of the type HV-3 relay without
voltage restraint ls 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 1s 0.08 amperes at L15 volts, 0.15 am-
pere at 10 volts, and 5.0 amperes at 1 volt.
The single phase minimum plck-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 1s decreased only at volt-
ages above 2 volts. The curves also show that
110 amperes 60 cycles are requlred at 115 volts
to overcome voltage restraint.

Typical time curves are shown in figures 8
to 11. All curves are for a contact spacing
of .035 inch and at maximum torque for 60 and
50 cycle relays and .070 inch for 25 cycle
relays.

RELAYS IN TYPE FT CASE

The type FI cases are dust -proof en-
closures combining relay elements and knife-
blade test switches In the same case. This
combination provides a compact flexible as-
sembly easy to maintain, inspect, test and ad-
just. There are three main units of the type
FT case: the case, cover, and chassis. The

case 1s an all welded steel housing containing

6

the hinge half of the knife-blade test
switches and the terminals for external con-
nections. The cover 1s a drawn steel frame
with a clear window which fits over the front
of the case with the swltches closed. The
chassis 1s a frame that supports the relay
clements and the contact jaw half of the test
switches. This slides in and out of the case.
The electrical connections between the base
and chassls are completed through the closed
knife-blades.

Removing Chassis

To remove the chassls, first remove the
cover by unscrewing the captive nuts at the
corners. There are two cover nuts on the S
size case and four on the L and M size cases.
This exposes the relay elements and all the
test swltches for inspectlon and testing. The
next step 18 to open the test switches. Al-
ways open the eiongated red handle switches
first before any of the black handle switches
or the cam action latches. This opens the
trip circult to prevent accidental trip out.
Then open all the remalning switches. The
order of opening the remaining switches 1is not
important. In opening the test switches they
should be moved all the way back agalnst the
stops. With all the switches fully opened,
grasp the two cam actlon latch arms end pull
outward. This releases the chassis from the
case. Using the latch arms as handles, pull
the chassis out of the case. The chassls can
be set on a test bench in a normal upright
position as well as on 1ts top, back or sides
for easy Inspection, maintenance and test.

After removing the chassis a dupllcate
chassls may be 1Inserted in the case or the
blade portion of the switches can be closed
and the cover put in place without the
chassis. The chassis operated shorting switch
located behind the current test switch pre-
vents open circuiting the current transformers
wvhen the current type test switches are
closed.

When the chassis 1s to be put back in the
case, the above procedure 1s to be followed in
the reversed order. The elongated red handle
switeh should not be closed untll after the
chassis has been latched in place and all of
the black handle switches closed.
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Electrical Circuits

Each terminal 1in the base connects thru a
test switch to the relay elements 1n the
chassls as shown on the internal schematic
disgrams. The relay terminal i1s 1identified by
numbers marked on both the inside and outside
of the base. The test switch positions are
identified by 1letters marked on the top and
bottom surface of the moulded blocks. The se
letters can be seen when the chassls 1s re-

moved from the case.

The potentlal and control clrcults thru the
relay are disconnected from the external cir-
cuit by opening the assoclated test switches.
Opening the current test switch short-circuilts
the current transformer secondary and dils-
connects one side of the relay coil but leaves
the other side of the coll connected to the
external circuit thru the current test jack
jaws. This circuit can be isolated by 1in-
serting the current test plug (without ex-
ternal connections), by inserting the ten
circuit test plug, or by inserting a plece of
insulating material approximately 1/32" thick
into the current test Jack jaws. Both
switches of the current test swltch pair must
be open when using the current test plug or
insulating material 1n this manner to short-

circult the current transformer secondary.

A cover operated switch can be supplied with
its contacts wired 1in series with the trip
circuit. This switch opens the trip clrcuilt
when the cover 1s removed. Thils switch can be
added to the exlsting type FT cases at any

time.

Testing
The relays can be tested in service, in the
case but with the external circults lsolated

or out of the case as follows:

Testing in Service

The ammeter test plug can be inserted in the
current test knife-
blade switch to check the current thru the

jaws after opening the

relay. This plug consists of two conducting
strips separated by an lnsulating strip. The

usy. PHASE ROTATION A B,

A e,
B
C )

nNwy

PHASE
> B5)smirtar

| ———4-5 Asmp, LOAD
A-.u-r | —— AMMETER
w.

NOTES Y 4
CONNECTIONS ARE FOR THE TEST VW~ ;"
OF PHASE A CLEMENT FOR ™ ELE MENT 24 23]
SUFT PHASE ANGLE METER 8 PoT- oo 5 3|
EMTIAL CONMECTIONS
REAR VLW

NOTE :2 - WITH CONNECTIONS SHOWN THE MAKE CONTRQT CLOSEN.

TERMINAL ARRANGEMENTS FOR DIFFEREN TYPE H-3 8 HV-3 RELAYS
HV-3 IN DIE-|H-3 1N OIE- [ H-3 IN DI - [HV-3 IN FLEXI H-3 IN FLEXI
CIRCLIT CAST BASE |[CAGT BASE [CAST BASE |TEST BASE |TEST BASE
Dy 4 D1 145]OWE. 4-D- 1K 501381} 9-0- 8079 | 8-D-5542
TRIP (MAKE) |*i - *2 13 -%ia [*13-%14 [|*i,-*2 * "2
°
| -1 [ - - -
s AN IR T N O 313 %ot 5:%
FHASE B
POTENTIAL 13 - e s -6 S-6 23 -24 1e-1a
CURRENT iS5 - 16 -8 -8 25-26 \5 <16
FHASE C
FOTENTIAL 13- 18 s -\0 3 -10 13 - 2o S -10
CURRENT 19 - 20 ii-12 -z 2y -22 [T Y
RESTRAINT
PHASE A 24 ©
PHASK B 23 _— 1 —————
PUASE & 24 g

Fig. 20—Diagram of Test Connections for the Types H-3 and
HV-3 Relays.

ammeter ls connected to these strips by termi-
nal screws and the leads are carried out thru
holes in the back of the insulated handle.

Voltages Dbetween the potential clrcults can
be measured conveniently by clamping #2 clip
leads on the projecting clip lead lug on the

contact jJaw.

Testing in Case

With all blades in the full open position,
the ten circuit test plug cen be inserted in
the contact Jjaws. This connects the relay
elements to a set of binding posts and comp-
letely isolates the relay clrcuits from  the
external connections by means of an insulating
barrier on the plug. The external test clr-
cults are connected to these binding posts.
The plug 1is inserted in the bottom test jaws
with the binding posts up and in the top test
switch jaws with the binding posts down.
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The external test circuits may be made to
the relay elements by #2 test clip leads in-
gstead of the test plug. When connecting an
external test circult to the current elements
using clip leads, care should be taken to see
that the current test jack jaws are open 8o
that the relay is completely isolated from the
external circuits. Suggested means for 1so-
lating this c¢ircuit are outlined above under
"Electrical Circults."

Testing Out of Case

With the chassis removed from the base, re-
lay elements may be tested by using the ten
circult test plug or by #2 test clip leads as
described above. The factory calibration 1is
made with +the chassis in the case and re-
moving the chassis from the case will change
the calibration values by a small percentage.
It 1s ©recommended that the relay be checked
in posltion as a final check on calibration.

INSTALLATION

The relays should be mounted on switchboard

panels or thelr equivalent in a locatlon free
from dirt, moisture, excessive vibration and

heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projection case or by means of
the <four mounting holes on the flange for the
semi-flush type FT case. Elther of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical connec~-
tions may be made dilrect to the terminals by
means of screws for steel panel mounting or to
terminal studs furnlished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easlly removed or 1in-
serted by lockling two nuts on the studs and
then turning the proper nut with a wrench.

The external connections for typical appli-
cations of the type H-3 and HV-3 relays are
shown 1in figures 12 thru 19.

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 re-
celpt by the customer. If the adjustments

10

have been changed, the relay taken apart for
repalrs, or 1if 1t 1s desired to check the ad-
justments at regular malntenance periods, the
instructions below should be followed.

All contacts should be perilodically cleaned
wilth a filne flle. Style 1002110 file 1s re-
commended for this purpose. The use of abra-
sive materlal for cleaning contacts 1is not re-
commended, because of the danger of embedding
small particles 1n the face of the soft
silver and thus impalring the contact.

Adjust the lower bearing so that both the
top and bottom of the loops are equi-distant
from thelr respectlve magnetic circults.
Energlze the potential circults of the relay
untll the 1loops reach operating temperature.
About ten minutes at normal voltage 1s neces-
sary to reach this conditlion. When the oper-
ating temperature 1s reached, adjust the upper

bearing for 1/64 inch clearance.

The 1loops of each element must be in 1line
wlth the center of the middle leg of the mag-
netic circult. If necessary, this adjustment
can be obtalined by loosening the electromagnet
mounting screws and moving the whole electro-
magnet 1n the deslred direction. All three
elements must have the same relative position
of loop and magnetic circuit.

Type H-3 Relay

The polarity of the relay 1s checked as

follows: Refer to figure 2 or 3 and apply 115
volts and 5 amperes (1n phase) to the corres-

ponding voltage and current coils in turn,
with the terminals marked with polarity marks
connected together. Looking at the top of the
relay, the moving element should rotate in a
counter-clockwise direction.

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



TYPES H-3 AND HV-3 RELAYS

L. 41-419C

45° Characteristic Relay Adjustments

Remove spring restraint by adjusting the

spring adjuster. Apply single-phase current
of 50 amperes with polarities as shown on 1in-
schematic diagram to the current colls
should be connected in series. Each
coil should De short-circuited.

energized the relay moving element Wwill

ternal
which
potential
When
center itself due to the combined torques pro-

duced by the 50 amperes of current and the

spring restraint. Readjust the spring ad-
juster until the centering position of the
moving element 1s 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 1is zero and does not tend
to "offset™ or shift the centering position
due to the This final
position will be called the neutral position.

With the moving element

current. centering
in the neutral posi-

tion adjust each stationary contact for .015
inch contact spacing and lock in this position
for 60 and 50

25 cycle relays.

cycle relays and .035 inch for

There are two adjustable stop screws located

on the frame casting. These stops are used

when +the relay is supplied with two clrcuilt
closing contacts and perform the same functilon

as the stops on the moving contact agsembly.

Watt Characteristic Relay Adjustments

Remove spring restraint by adjusting the

spring adjuster. Apply single-phase potential
of 67

ternal

volts with polarities as shown on in-

schematic potential

wvhich

diagram to the
should be connected in parallel.
coil should be
potential

coils
Each
When the
the moving element will tend to be centered by

current open-circuited.

circuits are deenerglzed
the spring. When the potential circuilts are
energized the
to the right or to the left.
condition the
to the right, the spring should be re-

moving element may move elther
If under this
moving element moves the con-
tacts
move the spring

adjusted to deenergilzed

centering position of the moving element to
the left.

element moves the contacts to the left, the

If under this conditlon the moving

should be
energized spring

spring read justed to move the de-

centering position of the

moving element 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 1in one

direction when the potential is applied and a

small movement 1in the other direction will
cause the moving element to move 1n the op-
posite direction. This final centering posi-

tion will be called the

With the moving element in
tion adjust
inch contact spacing and lock in this position
for 60 and 50 cycle relays and .035 inch for

neutral posltlion.
the neutral posi-
each stationary contact for .0l5

25 cycle relays.

Type HV-3 Relay

H-3 45°
HV-3
circuit 1s

The tests outlined for the type
characteristic relay also apply to the
restraint

relay when the voltage

not connected. To make a check on
the type HV-3 relay with all

nected, involves three-phase

complete
circults
test
phase shifter, potentiometers, and non-induc-

con-

source,

tive resistors for controlling the voltage and
This test
character-

current to the relay respectively.
will permit checking of all the
i1stlcs of the relay at the proper phase angle.
This test procedure however 1s usually too
field testlng. The
complete simplified for fileld
testing by the following modificatlons. Apply

to the re-

complicated for routine
test may be
three phase restraining voltage
phase to all

of the directional element. For

straining element and single
three phases
the latter element the potential coils are all
and the

With a non-inductive
about 45°
maximum torque position and
to trip

voltage will be increased by about 30%.

connected 1in parallel current colls
are connected in series.
load, the

away from 1its

relay will be operating

consequently current values a glven

Since
the combination of three-phase restraining
torque and single-phase
all three

torque in the

operating torques on

elements produces some unbalanced
it is
mended that tests be made at a reduced voltage

(65 volts With 65 volts applled to

moving element, recom-

or less).

11
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both the directional and voltage restraint
elements, about 8 amperes 1s required at unity
power factor to make the relay operate.

To check the circuits thru the voltage re-
straint element, the relay should be energlzed
at normal voltage for about 10 minutes. The
potential circult of the directional element
should then be opened. Then open the phase A
potentlal to the voltage restraint element and
observe the torque produced on the moving ele-
ment, 1f any. Replace A lead and remove the B
lead and again observe the torque. Repeat for
the C lead and in all cases there should be no
torque or a very slight torque present. Any
defects 1n the coills or capaciltors of the
voltage restraint circuits will be made ap~
parent by the presence of excessive torque
during this test.

Contactor Switch

Adjust the stationary core of the switch for
a clearance between the statlonary core and
the moving core when the switch 1s picked up.
This can be most conveniently done by turning
the relay up-side-down. Screw up the core
screw until the moving core starts rotating.
Now, back off the core screw until the moving
core stops rotating. This indicates the point
where the play 1n the moving contact assembly
is taken up, and where the moving core just
separates from the statlonary core screw.

Back off the stationary core screw one turn
beyond this point and lock in place. Thils
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 elther side of the Micarta disc. The
sviteh should pick up at 1 ampere d-c. Test
for sticking after 30 amperes d-c¢ have been
passed thru the coll. The coll reslistance 1is
approximately 1.0 ohm.

Operation Indicator

Adjust the 1ndicator to operate at 1.0 am-
pere d-¢ 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 coll
resistance is approximately 0.16 ohm.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However, interchangeable
parts can be furnished to the customers who
are equipped for doing repalr work. When
ordering parts, always give the complete

nameplate data.

ENERGY REQUIREMENTS

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

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

VALUES AT 115 VOLTS, 5 AMPERES, 60 CYCLES

Type H-3 Type HV-3
Voltage

Current Voltage Current Circuit Restraint

Circuit Circuit Circult |(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 3.67 1.13 3.67 3.2
Vars 1.13 1.59 1.13 1.59 3.7
Voltamperes 1.6 4.0 1.§ 4.0 . 4.?
Power Factor 45° lag | 23.5° lag || 45° 1lag 23.5° lag 49° 1ag
Continuous Rating (Amperes or Volts) 5 115 5 115 115
One Second Current (Amps.) 230 ce 230 - -

12
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VALUES AT 115 VOLTS, 5 AMPERES, 50 CYCLES

Type H-3 Type HV-3
Voltage
Current Voltage Current Circult Restraint
Circult Clircuit 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 z7h0 0.060 2740 3140
Watts 1.22 4.5 1,22 4.5 3.17
Vars .87 1.71 .87 1.71 1.84
Voltamperes 1.5 | k.82 1.5 4.82n 3.66°
Power Factor 33.5°1lag | 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 cos .o
TYPE H-3, WATT CHARACTERISTIC RELAY
VALUES AT 115 VOLTS, 5 AMPERES, 60 CYCLES
Type H-3
Current Voltage
Circult Circult
Resistance (ohms) .028 2740
Reactance thms; .0192 1440
Impedance (ohms .034 3100
Watts .70 3.76
Vars .48 1.97
Voltamperes .85 4,25
Power Factor 34.5%1ag 27.8%1ag
Continuous Rating (Amperes or Volts) 5 115
One Second Current (Amps.) 230 ees
TYPES H-3, HV-3, 45° CHARACTERISTIC RELAY
VALUES AT 115 VOLTS, 5 AMPERES, 25 CYCLES
Type H-3 Type HV-3
Voltage
Current | Voltage |[Current Circuit Restraint
Circult | Cipcuit |[Circult | (Directional) Circuit
Resistance (ohms)| .0380 3830 .0380 %880 3980
Reactance gohms L0192 3200 .0192 200 990
Impedance (ohms .0420 5000 .0420 5000 3100
Watts .94 2.03 .94 2.03 3.12
Voltamperes 1.05 2.65 1,05 2-§5 3.22
Power Factor 26° 1lag | 40° 1lag ||26° 1lag 40° lag 14° lag
Continuous Ratingi| 5 115 5 115 115
One Second Rating]|l 230 ces 230 <o cas

13
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INSTALLATION

I.L. 41-419D

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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

Before

CAUTION
remove
serted for the
durilng

putting relays into service,
all blocking which may have been in-
pﬁrpose of securlng the parts

Make sure that all
operate freely and inspect the contacts

shipment. moving
" parts

to see that they are clean and close properly.
to check the settings and

electrical connections.

Operate the relay

APPLICATION

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

relays which are used to

faults on power systems. The type HV-3 relay
has a voltage restraint element which Intro-
duces a restraining torque on the relay pro-

portional to the area of the voltage triangle.
Thus, at
produced

normal voltage, sufficlent torque is
to prevent operation of the relay on
Any fault on the

of the

trlangle, and conseqguently the amount of re-

normal 1load current flow.

system reduces the area voltage

straint. At the same time the current in the
relay increases and the relay operates 1f the
fault is 1in the

contact c¢losing direction.

S8ince the voltage triangle does not collapse
as much on ground faults as 1t does on phase
faults, it is desirable to remove voltage re-
straint on ground faults. This may easlly be

done by an 1instantaneous overcurrent

(type sC)
nected to open any

ground
with 1ts back contacts con-
one of the leads to the
voltage restraint element.

relay

The direction of power flow for both phase
and ground faults can be detected with these
relays. To obtain correct operation during
ground faults, 1t is necessary that the mini-
in the faulted conductor be at
flow

the relay) so

mum current

least twlce the maximum load current

(wvith no voltage restraint

SUPERSEDES |I. L. 41-419C

¥*Denotes change from previous issue.

that 1f +the fault current and load
are 1n opposition, the former will always pre-

currents

dominate and give a net torque on the relay

in the correct direction. Stated another way,

the minimum line-to-ground current must be at
least three times the maximum load current for

correct ground fault protection. Low ground

current occurs most frequently on impedance

grounded systems. Where positive directional

indication cannot be obtained under all

system conditions, it is recommended that a
separate ground directional relay be used.
Both the type H-3 and the type HV-3

can be furnished with either a watt character-

relays

istic or a 4#5° characteristic.

CONSTRUCTION AND OPERATION

The type H-3
directional

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

relay consists of a polyphase directional ele-

and two operation indicators.

ment, a voltage restralnt element, two con-
tactor switches, and two operation indlcators.

These elements are as follows:

Polyphase Directional Element

This

magnets, and a

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

element consists electro-

vertical three

Each loop has its outer side located in an ailr

gap within the electromagnet. Each electro-

magnet - has a three-legged magnetic circult

wound with three coils. The colls on the two
outer 1legs are the voltage windings. Voltage

applied to these coils induces a large current

in the 1loop by transformer action. Current
flowing thru the current coil on the center
leg of the electromagnet produces an air gap

flux which
flux 1in the outer side of the loop and causes

interacts with the loop current

EFFECTIVE APRIL 1953



TYPES H-3 AND HV-3 RELAYS

SPRING ADJUUSTER
FOR TYPE H-3
RELAY ONLY
LAG LOOPS
VOLTAGE
COIL
FRAME
7))
STOP
ARM /4 = ALUggyM
NON 45 I t
BOUNCE ¢ i, X
CONTACT =) CURRENT
- colL
MAGNETIC =
CIRCUIT —

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

rotation of the shaft in the direction corres-
ponding to the direction of flow of the alter-
nating current power.

One loop and 1ts assoclated 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 charac-
teristics are obtained as follows. The loop,
which 1s consldered as the secondary load of a
transformer, has a much higher resistance than
reactance, and the loop current lags the volt-
age applled to the electromagnet by an angle
of 10 to 15 degrees. The air gap flux lags
the applled 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.

The 90° Connection is used on the relay to
give the required delta voltage and star cur-
rent. With thils connection one of the elec-
tromagnets 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 thils connection and the
above (45°) relay characteristics, maximum
torque 1s obtained when the system fault cur-
rent 1s lagging 1ts unity power factor posi-
tion by 45°.

2

CENTER ELEMENT OPERATION CONTACTOR
(FRONT VIEW) \\ INDICATOR SWITCH

TRIP CIRCUIT INTER ~
LOCK. FOR. DETACH -
ABLE RELAYS.~
- _I' [ —
v

+
v ®
@
v +
© 15 H ©
EE i o o
B ®
A

—LEFT ELEMENT
(FRONT VIEW)

REAR VIEW

WITH RELATIVE iNSTANTANEOUS POLARITIES AS SHOWN, THE MAKE CONTACT
ZLOSES AND THE MOVING ELEMENT ROTATES COUNTERCLOCKWISE. (TOP VIEW)

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

With the watt characteristic relay a star
current and a star voltage are applied to each
electromagnet. The air gap flux lags the
applled current by about 10 to 15 degrees be-
cause 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 1lnstantaneous torque in each element of
the relay 1s produced by the instantaneous
products of voltage (loop current) and current
(air gap flux) in the electromagnet, which 1is
a double freguency pulsating torque. The
torques 1in the other two electromagnets are
also pulsating, but they are displaced 120
degrees 1In 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 1In turn is mounted on
Isolantlte arm on the moving shaft. A stop
bracket with a small cylinder partially filled
wilth tungsten powder is mounted behind each
moving contact. When the moving contact
strikes against the rigid fixed contact screwv,
the spring is deflected for the necessary con-
tact follow, after which the stop strikes the
moving contact. Thus, the full torque of the
relay 1s transmitted thru the contacts to
malntain full contact pressure. The particles

ok
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TOP TEST SWITCH

OO CHO O —T0 BASE TERMS
g ] &1 TO RELAY
RED HANDLE FRONT VIEW

OPERATION INDICATOR

—TVEST SWITCH

COVER OPERATED

SWITCH WHEN USED. $— CONTACTOR SWITCH

. e > ———1— CENTER ELEMENT

! T Vi )
; NOTE e (FRONT VIEW
i RELAY SUPPLIED c e +
FOR 90’ CONNECTION | () ¥
| USING INTERNAL o — LEFT ELEMENT
E T o ¥ T VIEW.
| PHASING LOOPS A_;{o- =%® (FRON )
i UNLESS GQEHERWISE
i s Fox
ORDEREKD.
— { -RIGHT ELEMENT
b " (FRONT VIEW;
G_éc— /\C/ ==®
L SHORT CIRCUIT SWITCH
REAR VIEW /
J

8OTTOM TEST SWITCH RED HANDLE
[e] [E] TO RELAY
= CURRENT TEST JACK
E E i E TO BASE TERMS.

FRONT viEw R—CHASSIS OPERATED
SHORTING SWITCH

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

J

CONTACTOR

SWITCH OPERATION

INDICATOR

TRIP CIRCUIT._,,.[. TOP
INTERLOCK ' ! CENTER
<81 ELEMENT

£
@ (FRONT VIEW)

TOP RIGHT
ELEMENT
(FRONT VIEW)

ELEMENT

TOP LEFT ' @
(FRONT VIEW) ¥

VOLTAGE
RESTRAINT
LOWER LEFT
ELEMENT
(FRONT viEW)

VOLTAGE
RESTRAINT
LOWER RIGHT O

ELEMENT

(FRONT ViEw) | VOLTAGE
RESTRAIN

RESISTOR FOR _ e LOWER ce;‘;rgp

25 CYCLES ONLY REAR VIEW ELEMENT

(FRONT viIEW)
NOTE: RELAY SUPPLIED FOR 90° CONNECTION UBING INTERNAL
PHASING LOOPS UNLESS OTHERWISE ORDERED .

WITH RELATIVE INSTANTANEOUS POLARITIES AS SHOWN.
THE MAKE CONTACT CLDSES, AND THE MOVING ELEMENT
ROTATES COUNTER- CLOCKWISE (TOP VIEW). VOLTAGES ON
RESTRAINT ELEMENTS AS SHOWN WITH PHASE ROTATION
ABLC ROTATE THE MOVING ELEMENT CLOCK WISE (TOP YIEW)

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 in the small ¢cylinder slide
over each other at the instant of impact and
absorb the

flexible metal ribbon conducts current to the

energy in the moving element. A

moving contacts.

The type H-3 relay is supplied wilth spring
restraint which 1s adjusted to hold the
tacts in the normal non-trip position when the
relay 1s deenergized. This
correct directional indication by the element
under the condition of loss of load.

con-

prevents an in-

However,
the spring restraint may be adjusted to give

a blas torque 1in elther direction.

Voltage Restraint Element

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

element 1s supplied only in the

type

relays and consists of three electro-

directlonal element. The restraining element
1s mounted below the directional element and
the 1loops of the two elements are fastened to
a common vertical shaft which operates the two
colls

contacts as described above. The outer

of each electromagnet have one delta voltage
(E1) appliea

delta voltage (Eo) applied.

and the center coil has another
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
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FESILELD I
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¢ !
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LOWER RIGHT ELEMENT:
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RESISTORS
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NOTE:
RELAY SUPPLIED FOR
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@'X_N\Q\\——*'é | TOP RIGHT ELEMENT
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TO RELAY
CURRENT TEST UACK
TO BASE TERMS
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SHORTING SWITCH
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ROTATE THE MOVING ELEMENT CLOCKWISE (TOP VIEW)

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 untils In series with the outer two

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

element is proportional to:

E, E sin ©

172

where O 1s the angle between the two delta

voltages and 1s normally 60°.

If any one of the three delta voltages com-

pletely 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. Ir
all three voltages decrease uniformly, the

torque varles as the square of thelr magni-
tude. Each electromagnet 1s connected to a
different combinatlion of delta voltages S0

that a uniform restraint torque and Dbalanced
burdens are obtalned.

Restralnt can be removed by opening any one
supply 1lead to the restraint element. This
applles to all three electro-
of the angle

single phase
and the
normal voltages 10 amperes 1is

each element at maximum torque

magnets sine becomes

re-
to

zero. At
quired in
overcome the restralnt torque.

Contactor Switches

The d-c contactor swltch 1in the relay is a
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cylindrical
its

solenold type switch. A
silver disc mounted on

small
plunger with a

lower end moves In the core of the solenoid.
As the plunger travels upward, the disc
bridges three slilver statlonary contacts. The

1s 1in series with the main contacts of
relay and with the trip coil of the
When the relay contacts close, the
energized and closes the switch

coll
the
breaker.
coll becomes

contacts. This
thereby

shunts the maln relay con-
relleving them of the duty of

These contacts re-

tacts,
carrying tripping current.
main closed until the trip circuilt is
by the auxiliary switch on the breaker.

opened

Operation Indicator

The operation indlcator is a small solenoid
coll connected 1n the trip circult. When the
coll 1is energlzed, a spring-restrained arma-
ture releases the white target which falls by

gravity to indicate completion of the +trip
The indicator 1s reset from outside

by & push rod in the cover

clrcult.
of the
cover stud.

case or

CHARACTERISTICS

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

provided with independent make and break con-

5



TYPES H-3 AND HV-3 RELAYS

tacts. Two auxiliary contactor switches--one

in each contact circult--provide seal-in cir-
cults for the mailn reiay contact. The maln
contacts willl close 30 amperes at 250 volts
d-¢ and the auxiliary contactors will safely
carry this current untll the breaker 1s
tripped and the auxiliary "a" switch opens.
The contactor switch has a minimum pick—ﬁp of
one ampere d-¢ and a coll resistance of one
ohm.

Typical 50 and 60 cycle phase angle charac-
terlstics of the 45° characteristic relay are
shown in figure 6. Maxlmum 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° connectlon.

Typlcal 50 and 60 cycle sensitivity curves
at maximum torque are shown in figure 7. The
sensitivity of the type HV-3 relay wilthout
voltage restraint 1s the same as the type H-3
relay. The 60 cycle three phase minimum plck-
up without spring restraint of the type H-3
relay is 0.08 amperes at 115 volts, 0.15 am-
pere at 10 volts, and 5.0 amperes at 1 volt.
The single phase minimum pick-up currents are
approximately three times those for three
phase. It will be noted from the curves that
the sensitivity of the type HV-3 relay with
voltage restraint is decreased only at volt-
ages above 2 volts. The curves also show that
110 amperes 60 cycles are required at 115 volts
to overcome voltage restraint.

Typical time curves are shown 1n flgures 8
to 11. All curves are for a contact spacing
of .035 inch and at maximum torque for 60 and
50 ecycle relays and .070 inch for 25 cycle
relays.

RELAYS IN TYPE FT CASE

The type PFT cases are dust-proof en-
closures combining relay elements and knife-
blade test switches 1in the same case. This
combination provides a compact flexible as-

sembly easy to maintain, inspect, test and ad-

just. There are three main units of the type
FT case: the case, cover, and chassis. The
case 1s an all welded steel housing containing

6

the hinge half of the knife-blade test
awitches and the terminals for external con-
nections. The cover 1s a drawn steel frame
with a clear window which fits over the front
of the case with the switches closed. The
chassis 1s a frame that supports the relay
elements and the contact jaw half of the test
swltches. This slides in and out of the case.
The electrical connections between the base
and chassis are completed through the closed
knife-blades.

Removing Chassis

To remove the chassis, first remove the
cover by unscrewing the captive nuts at the
corners. There are two cover nuts on the 3
slze case and four on the L and M size cases.
This exposes the relay elements and all the
test switches for inspection and testing. The
next step 1s to open the test switches. Al-
ways open the elongated red handle swiltches
first before any of the black handle swltches
or the cam action latches. This opens the
trip circult to prevent accldental trip out.
Then open &ll the remaining switches. The
order of opening the remaining switches is not
important. In opening the test switches they
should be moved all the way back against the
stops. With all the switches fully opened,
grasp the two cam actlon latch arms and pull
outward. This releases the chassis from the
case. Using the latch arms as handles, pull
the chassis out of the case. The chassls can
be set on & test bench in a normal upright
position as well as on its top, back or sides
for easy inspection, malntenance and test.

After removing the chassls a duplicate
chassls may be inserted in the case or the
blade portion of the switches can be closed
and the cover put in place without the
chassis. The chassls operated shorting switch
located behind the current test switch pre-
vents open circuiting the current transformers
when the current type test switches are
closed.

When the chassls 1s to be put back in the
case, the above procedure 1s to be followed 1n
the reversed order. The elongated red handle
sawitech should not be closed until after the
chassis has been latched in place and all of
the black handle switches closed.

,ﬂf‘%&&
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Connection) Relay in the Standard Case. 7
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TYPES H-3 AND HV-3 RELAYS

I.L. 41-419D

Electrical Circuits

Each terminal in the base connects thru a
teat switech to the relay elements In the
chassls as shown on the internal schematic
dlagrams. The relay terminal 1is identified by
numbers marked on both the inside and outside
of the base. The test swltch positlons are
identified by letters marked on the top and
bottom surface of the moulded blocks. These
letters can Dbe seen when the chassis 1s re-

moved from the case.

The potential and control circuits thru the
relay are disconnected from the external cilr-
cuit by opening the assoclated test switches.
Opening the current test gwitch short-circults
the current transformer secondary and dis-
connects one side of the relay coll but leaves
the other side of the coil connected to the
external cilrcuilt thru the current test jack
jaws. This circuit can be isolated by in-
serting the current test plug (without ex-
ternal connections), by inserting the ten
circuit test plug, or by inserting a plece of
insulating material approximately 1/32" thick
into the current test Jjack jaws. Both
switches of the current test switch palr mst
be open when using the current test plug or
insulating material in this manner to short-

circult the current transformer secondary.

A cover operated switch can be supplied with
its contacts wired 1n series wilth the trip
circult. This switch opens the trip circuit
when the cover is removed. Thls switch can be
added to the existing type FT cases at any

time.

Testing
The relays can be tested 1n service, 1n the
case but with the external circuits isolated

or out of the case as follows:

Testing in Service

The ammeter test plug can be inserted in the
knife-~
blade switch to check the current thru the

current test Jjaws after opening the

relay. This plug consists of two conducting

strips separated by an insulating strip. The
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Fig. 20—Diagram of Test Connections for the Types H-3 and
HV-3 Relays.

ammeter is connected to these strips by termi-
nal screws and the leads are carried out thru
holes in the back of the Insulated handle.

Voltages Dbetween the potential clrcults can

be measured conveniently by clamping #2 clip

leads on the projecting ol lead lug on the

contact jaw.

Testing in Case

with all blades in the full open position,
the ten circult test plug can be inserted in
the contact jaws. This connects the relay
elements to a set of binding posts and comp-
letely isolates the relay circults from the
external connectlong by means of an insulating
barrier on the plug. The external test cir-
cults are connected to these binding posts.
The plug 1s inserted in the bottom test jaws
with the binding posts up and in the top test
guitch jaws with the binding posts down.
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Fig. 21 —Outline and Drilling Plan for the Projection Type Standard Case for the Type H-3 Relay. See the Internal Schematics
For The Terminals Supplied. For Reference Only.
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Fig. 22—Outline and Drilling Plan for the S20 Semi-Flush or Projection Type FT Flexitest Case For The Type H-3 Relay. See
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Fig. 23—Outline and Drilling Plan For the Projection Type Standard Case For the Type HV-3 Relay. See The Internal Schema-
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