INSTALLATION

I.L. 41-4268

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HXS GROUND REACTANCE
RELAYING SYSTEM

CAUTION Before putting protective relays in-
to service, remove all blocking which may have

been inserted for the purpose of securing the
parts during shipment. Make sure that all
moving parts operate freely. Inspect the con-
tacts to see that they are clean and close

properly, and operate the relay to check the

settings and electrical connectlons.

APPLICATION

The Type 'HXS ground reactance relaying

system is of the high speed three zone direc-
tional distance type.
tect a transmission 1line upon the occurrence
single 1line to ground fault within the
protected zones. Zone one, usually set for TO
to 80 percent of the first line sectlon, will

initiate breaker operation without intentional

It is designed to pro-

of a

time delay. Zones two and three can be de-

layed to
adjacent 1lilne sectlons.

coordinate with other relays on the
For faults involving
more than one

initiate breaker

relays are required for these faults.

phase, this equipment will not

operation. The usual phase

The dlstance of the balanced
beam vreactance type and utllize zero sequence

elements are

quantities to determlne the zero sequence re-

actance of the 1line from the vrelay to the
balance point. These quantities are obtained
from the fault current and voltage at the

relay by the wuse of

one distance relay 1s

sequenceé networks. Only
needed to provide com-
plete three phase protection since use 1s made
of a phase selector relay operated by these
same sequence gquantities, to

1ine to ground voltage of the faulted phase to

connect only the
the distance element.
current

Three phase star-connected and po-

NEW INFORMATION

tential transformers are needed at the
as well as 125 or 250
station battery service.

CONSTRUCTION

One terminal
following equipment:

relay

location volts d-c

of relaying consists ot the

one type HXS relay

one type HPS relay

one auxiliary unit

one set of 5/15 auxiliary current transformers
one negative sequence filter

TYPE HXS RELAY

The type HXS relay contalns three reactance

beam elements, one for each zone, auxiliary
swltches, operatlon indicators, one single
directional element and a

schematically in

loop type synchro-

nous timer. These are shown

Fig. 1.

Reactance Elements

The reactance elements are of the balanced

beam high speed type. The reactance charac-
teristic is

resulting from the vector sum

obtained by balancing the torques
of current and
on the contact or

voltage operating end

against the voltage restraint on the opposing
end of the beam.

the operating end must be

The current ampere turns on
shifted 90
from the voltage ampere turns.

elec-
trical degrees
This 1s accomplished by the use of an alr gap
transformer in the zero sequence current cir-
cult.

The voltage drop induced in the secondary of
the zero sequence transformer is proportional
to 3KI, and will lead the primary current 3I,

by 90°. This voltage causes a current to flow
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Fig. l—Internal Schematic Of Type HXS Relay In The
Type FT Case. Omit Test Switches For Relays In
The Standard Case.

in the operating coll of the relay, which is
proportional to the zero sequence current in
the primary of the transformer. The vector
sum of this current and the current caused by
the voltage drop (I0Z,), applied to the ele-
ment will give a resultant which will impart a
reactance characteristic to the beam at the
balance point.

There are nc taps or adjustments on the re-
actance elements. Tap settings, which are
made on the auxillary unit, are in terms of
gsecondary zero sequence reactance ohms and
wlll be described fully under Adjustments.

A rectangular silver contact 1s flexibly
fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
stationary hemispherical contacts mounted on
the free end of the two short leaf springs. A
small set screw determines the position of
each leaf spring and provides means for ad-
Justing the contact gap.

Synchrecnous Timer

The +timer is a small sub-synchronous motor

which operates from the neutral current
through a saturating transformer, and drives
a moving contact arm through a gear train.
The contact on the moving arm is a cylindrical
silver sleeve, 1loosely fitted on the moving
arm. In making contact, this sleeve rolls
across two vertically proJjecting stationary
butt contacts to bridge the gap between them.
The loose fit of the sleeve permilts a pasltive
alignment in bridging these contacts. Two
sets of stationary contacts are mounted on
Micarta insulating blocks which are adjustable
around a seml-circular calibrated guide. The
maximum time setting of the timer is three
seconds.

The synchronous motor has a pinion on its
rotor which 1s in mesh with the gear train
only when the motor is energized. The rotor
pinion falls out of mesh 1instantly when the
motor is de-energized, allowing a spring to
reset the moving arm.

Directional Element

The voltage coll of the directional element
serves as the primary winding of a small
transformer. The secondary winding consists
of a one turn movable coll, or loop, pivoted
along 1ts center 1line. This loop carries a
current which 1s proportional to and substan-
tially in phase with the voltage applied to
the primary winding. The pivoted loop has a
portion of 4its length 1ying in a magnetic
field established by the current coils of the
directional element. The interaction of the
current in the loop with the flux established
by the current coills produces torque which
rotates the 1loop 1in one of two directions,
depending upon the phase angle relatlionship
between the applied current and the applied
voltage.

A Micarta arm extends from the movable loop
from which projects a short leaf spring. A
small cylindrical contact filled with powdered
tungsten is rigidly attached to the outer end
of the spring. The movement of the tungsten
powder creates sufficient friction to absorb
practlcally all of the energy of Impact and
thus the tendency of the contact to bounce is
reduced to a minimum.
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The statlonary contact screw fastens to a

rigid projecting arm. Contact follow 1is se-

cured by permitting the loop to travel for a
short distance after the contacts close, thus
This is done by

Another stop screw

deflecting the leaf spring.
an adjustable
limits the
direction.

stop screw.
travel of the loop in the opening
These stop screws act directly on
the loop and are accessible from the sides of
the directlonal This directional
element has nearly true wattmeter characteris-

tics.

element.

Auxlliary Contact Switch

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

solenold type switch. A cylindrical
with a
lower end moves in the core of the solenold.
As the the disc
bridges three silver stationary contacts. The
coil 1s in serles with the main contacts of
the relay and with the trip coll of ‘the
When the relay contacts close, the
coll becomes energized and closes the swltch
This shunts the mailn relay con-
relieving them of the duty of
These contacts re-

small

plunger silver dlsc mounted on 1its

plunger travels, upward,

breaker.

contacts.
tacts, thereby
carrying tripping current.
maln closed until the trip clrcuit is

by the auxlliary switch on the breaker.

opened

Operation Indicator

The operatlon indicator is a small solenoid
When the
arma-

coil connected in the trip circuit.
coill 1s energized, a spring-restrained
releases a white which falls by
indicate of the trip

indicator is reset from outside

ture target

gravity to completion
circuilt. The
of the case by a push rod in the cover or

cover stud.
TYPE HPS RELAY

The type HPS Relay 1s wused on systems which

have solidly grounded neutrals. The relay
contains three phase selectors, three second
and third zone compensators and three

auxlliary telephone type relays. These are

shown schematically in Flg. 2.

Selector Elements

The three selector elements are constructed

in the same manner as the directional element
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Fig. 2—Internal Schematic Of Type HPS Relay In The
Type FT Case. Omit Test Switches For Relays In
The Standard Case.

of the type HXS Relay,
potential

except that a current
coil. The coil
ends are brought out to a tap plate.

coll replaces the

Compensators For Second And Third Zone

Positive And Negative Sequence Line Drop

Each compensator consists of a tapped trans-
former and an adjusting resistor. The trans-
former has relatively few turns of heavy wire
on the primary and many turns of fine wire on
the secondary wound on punchilngs having an alr
gap. A resistor is shunted across the second-
ary winding to provide the angular adjustment.
The primary and

secondary taps for range ad-

justment are brought out to a plate as shown

in Fig. 3.
TYPE HXS AUXILIARY UNIT

The unit conslsts of three zero sequence air
gap transformers and three zone one positive
and negative sequence line drop compensators.
An internal schematic of this unit is shown in

Fig, 4.

The zero sequence alr gap transformers are
similar to the compensating transformers ex-
cept that

primary winding to a

all taps are brought out from the

tap plate. These taps
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Fig. 3—Second And Third Zone Line Drop Compensator Fig. 4 —Internal Schematic Of The Type HXS Auxiliary

Tap Identification (In Type HPS Relay).

are for the adJustment of the reach of each
zone 1in terms of secondary zero sequence re-
actance of the line.

‘The zone one positive and negative sequence
line drop compensators are similar to the
zones two and three positive and negative se-
quence line drop compensators in the type HPS
Relay, except that the phase angle adjustments
are made by means of taps.

Negative Sequence Current Filter

The filter contailns three mutual reactors
with three windings each and three resistors
as shown schematically in Fig. 15. The output
of the filter will be proportional to the
negative sequence components of the unbalanced
input. There are no taps or adjustments on
the filter unit.

OPERATION

Phage Selection With Type HPS Relay

The functlon of the type HPS relay is to
select the phase which is faulted and to
connect the proper phase wire of the secondary
of the star connected potential transformer
to the reactance elements and the potential
coil of the directional elements in the type
HXS relay.

Unit.

The relationship between the positive, nega-
tive and zero sequence components of current
is shown 1in Fig. 6. For single phase to
ground faults the =zero sequence component of
current is equal to and 1in phase with the
negative sequence component of current of the
phase which is fauited. Thus, a selector ele-
ment using zero sequence polarizing current
and phase A negatlve sequence current in its
other winding will have torque 1in one direc-
tion for a ground fault on phase A and in the
opposite direction for a ground fault on
phases.B and C.

For this appllcation three single loop type
directional elements are used. Each is pola-
rized by zero sequence current. A three phase
negative sequence current filter 1s used to
provide three phase negative sequence
currents. Phase A negative sequence current
is supplied to one selector element coil and
phase B and C currents to the other two. For
a fault on phase A, the element receiving zero
sequence current and the phase A component of
negatlve sequence current will have torgue in
the contact closing direction. The elements
receiving the phase B and phase C components
of negative sequence current will have torque

in the openlng direction. Similarly on phase



TYPE HXS RELAYING SYSTEM

I.L. 41-4268

MUTUAL REACTORS TERMINALS

|

?"—L

NEGATIVE SEQUENCE
OUTPUT TERMINALS

FRONT VIEW

17-D-3325

P
—
[LE——— .

| i
| 1
i i
! I
I )
! |
| )
< [
X2 @ !
i
I }
a ! c |
| I
{ 1
! |
| t \
I I
; 21X @ Y c
|
! !
! |
I
a ! b |
| I
' !
| ! /
! e /
+
c b;c @ a ba.
» |
l |
! |

POSITWE SEQUENCE :NEG.A‘HVF_ SEQUENCE |
CURRENT VECTORS FOR SINGLE-PHASE-
TO GROUND FAULTS ON DIFFERENT PHASES
1~ PHASE-A-TO-GROUND FAULT
2- PHASE-B-TO-GROUND FAULY
2-PHASE-C-TO- GROUND FAULT

ZERO SEQUENCE

23-D-9173

Fig. 5—Internal Schematic Of Negative Sequence Filter.

B or C to ground fault one element wlll have

closing torque and the other two opening

torque.

The a-c connections for one terminal of pro-
tectlon 1s shown schematically in Fig. 7. The
d-c connections are shown 1n Fig. 8. The

both front and
so arranged that
operate as explained above,

phase selector elements have

back contacts and these are
when the elements
the front contacts of the
the faulted phase and the back contacts of one
of the unfaulted
phases form a closed circuit through one tele-
This will cause the
telephone type relay to pilck-up and close 1ts
The tele-

phone type relay Tp will pick-up on a phase A

selector element on
selector element on one
phone type relay coil.

four make contacts simultaneously.

to ground fault and Tp or T¢ will pick-up on a

phase B or phase C to ground fault respec-
tively.
In addition to connecting the compensated

line to ground voltage of the faulted phase to

the reactance elements each telephone relay

Fig. 6—Phase Relations Of Sequence Currents On Single
Phase To Ground Faults.

has one extra make contact which connects the
potential coll of the dlrectional element to
the proper line to
The line to ground voltage selected
depends on the phase which is faulted.
phase A to

uncompensated ground
voltage.
For a
directional

element will be connected to phase C to ground

ground fault the

voltage. For a phase B to ground fault it
will Dbe connected to phase A to ground
voltage, and for phase C to ground fault, 1t
will Dbe connected to phase B to ground
voltage. Fig. 9 shows the vector diagram for

the directional element for a phase-to-ground
fault.
is so

The directional element current coil

connected as to receive -3Ip current,

and therefore will operate to close contacts
and be in the reglon of maximum torque for all

single phase to ground faults.

The type HXS relay scheme, however, does not
provide tripping for a
faults.

two phase-to-ground

For a fault such as phases B and C

to ground, the zero sequence component of
current will be 1in phase with the negatilve
sequence component of current on the un-
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This will
operate and telephone relay Tp to

faulted phase. cause the phase A
selector to
pick-up. A set of contacts on this relay con-
nects the unfaulted phase A to neutral voltage
to the reactance element causing the reactance
element to close contacts. The relay 1s pre-
vented from tripping the breaker, however, due
to the fact that

nects phase C to neutral voltage to the direc-

telephone relay T, also con-

tional element through another set of con-
Since the directional element current
-31,, 1t may be

seen from Fig. 10 that the directional element

tacts.
coil is connected to receilve
will have torque in the opening direction and

prevent the breaker from tripping.

Distance Measurement With The Type HXS Relay
And Auxiliary Unit For Single Line To Ground
Faults.

Since the
relay

line to ground voltage at the

is composed of positive,
it is

positive and

negative and
zero sequence line drops, necegsary to
compengsate for the negative
sequence line drops. For a phase A to ground
fault from both

terminals to be in phase:

fault assuming the current
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Fig. 10—Vector Diagram Showing Operation Of Direc-
tional Element On B-C To Ground Fault.
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Eag = (I1 + Ip) MZ) + I Mz, + 3IRg (1)
where Eag==phase A line to ground voltage, and
Zo = Z7.

I} = positive sequence line current

Io» = negative sequence line current

I, = zero sequence line current

Z1 = positive sequence impedance of 1line

Zy = zero sequence impedance of line

= fractional distance of 1line at which

fault occurs.

Rg = fault resistance

The relay will respond to the following im=-
pedance:

Eag = (I1 + I2) MZ1 + MIoZo + 3IoRg (2)
IO IO
or:

Zrelay = EBag = (Iy + 1Ip) MzZy + MZ, + 3Ry (3)

Lo Io

In equation (3) the first term on the right

hand side of the equation 1is a variable de-

pending upon the distribution of I + I, and
I, which may change with system connections
external to the protected section. The volt-

age Egg which 1s applied +to the
ever, may have this term subtracted out, for a

fault at the balance point, through the use of

relay, how-

the line drop compensator. The voltage which

the compensator supplies is —N(I1 + I2) 21,

where:

N = fractional of 1line
which the relay 1s set to protect.

distance section

Eag = IoMZo + (I1 + Ip) (M-N)Z1 + 3IoRg  (4)
Z relay = MZo + 3Rg + (I1 + In) (M-N)Z (5)
IO

at the balance point M = N; therefore,

Z relay = MZo + 3Rg (6)

The relay therefore will recelve a constant

indication for a fault at the balance point

regardless of gystem connections. The cali-
bration of the element is such that 1t will
respond to the 90° imped-
ance, 1l.e., reactance, within the limits shown

component of this

in Fig. 16 and is relatively independent of
changes in Rg. Therefore:

X relay = MXg
where: Xo = zero sequence reactance of the

line.

SETTINGS

AUXILIARY UNIT
to be
They are (a) the settings for
of the line for
line to be protected, (b)
and negative

There are three settings made on the
auxiliary box.
the zero sequence reactance
that portion of the
the zone one positive sequence
line drop compensation, and (c) the

angle of positive

phase
sequence impedance for zone
one of the relay.

(a) Zero Sequence Settings for Zone 1, 2 and 3

Table I gives the
and Sg for

nominal tap values for Pos
the three zones of protection in

terms of zero sequence reactance ohms. Tap
setting 1s determined by using the following

formula:

Po + So = ReKpXo
Ry
where Py = tap setting on primary of zero se-

quence transformer in terms of zero sequence

reactance.

SO = fine tap setting on primary of zero
sequence transformer in terms of zero

sequence reactance,

Xo = zero sequence reactance of line
R, = current transformer ratio
Ry = voltage transformer ratio
K2 = portion of line protected

Recommended values:

For the First Element - 75% of protected sec-

tion.
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For the Second Element - Approx. 50% into the
adjacent section.
For the Third Element - Approx. 25% into the
third line section.

(p) Positive and Negative Sequence Line Drop

Compensator Settings for Zone 1

Tables II and III give the
settings for the

nominal tap
the three
the value of constant

compensators for
zones. Fig. 11 gives
Kq.

The line drop compensator setting is made 1in
accordance with the formula:
PeSe = Z1RcK1Ke

Ry

where:

P, = setting of compensator primary in ohms
S, = setting of compensator secondary 1n ohms

Z, = posltive sequence impedance of line in
ohms

R, = current transformer ratio

Ry = voltage transformer ratio

K, = portion of 1line to be protected. In gen-

eral this
in zero setting.

should be the same as Ko used

constant determined by positive

See Filg. 11.

Kl = a
sequence angle of the line.

(¢) Zone One Phase Angle Settings

The compensator has
#.- This is
close to

a phase angle setting,
chosen by selecting a tap whose
the positlive sequence im-
The possible set-
tings of the first zone compensator are listed

in Table II.

value is
pedance angle of the line.

The formula settings will be
accurate for most installatlons.
desired to set the
rately the tap values may be checked by apply-

sufficlently
Where it 1s
balance point more accu-

ing to the relay the voltage, current and
phase angle conditilons which will be impressed
on 1t for a fault at the desired
point. A slight change in the tap value from

the calculated value may be required on either

balance

the zero sequence ohms tap or the sompensator

tap for the relay to just trip for the fault

at the simulated balance point.

NEGATIVE SEQUENCE FILTER

This unit is adjusted and calibrated at the
factory and requires no setting.

TYPE HXS RELAY

There are no settings to be made on this re-
lay. The reactance element 1s calibrated at
the factory and should requlre no further ad-
If, however, it 1s desired to check

or recalibrate this element,

justment.
the procedure to
be followed 1s given under "Reactance Element
Calibration". The settings for adjustment of
the reach of this

auxiliary Unit.

element are located on the

TYPE HPS RELAY

There are three settings %o make on the HPS
They are: (a) sensitivlity of the se-
(b) second
Line Drop Compensators,

relay.
lector elements, and third zone
(c) Positive sequence

impedance angle.

(a) Phase Selector Elements

The minimum‘pick up-of the element can be

adjusted by means of taps on the polarizing

winding. A tap plate located on each selector
element is provided to select the number of
polarizing winding turns on each selector ele-
The ten turn tap 1ls recommended for all

should be

ment .
applications and this combination
gselected. The minimum pick up for this tap 1s
1.3 amperes. Other available taps are listed

in Table IV.

of HPS selector
elements are connected to terminals A' A" B!
B" and C' C". With this
guence must be eliminated from the filter in-
put. This is done by the action
sequence segregating network
the filter.

The negatlve sequence coils
connectlon

zZero se-

of the zero
on the input to

(b) Second and Third Zone Line Drop
Compensators

The settings for positive sequence impedance
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are made exactly as for the first zone com-
pensators except that having selected the pri-
mary tap P, when setting the second zone com-
pensation, the third zone reach is achileved by
moving the zone three secondary tap so that
the product of Pp¢ Sc¢3 willl equal the value de-
sired for the third zone. Sufficlent range of
secondary tap adjustment is provided for this,
Table IITI gives values of secondary taps and
Fig. 11 gives the constant K1 for the formula.

The tap values of P, 1n terms of the second-
ary positive sequence impedance ohms are
marked on the tap plate located on the left
hand side of the 1ilne drop compensator tap
block. The secondary adjustment, consisting
of 16 taps is located on the right side of the
block. There are two secondary leads. One is
for the second zone adjustment S5c2 and the
other is for the third zone adjustment Se3.
These leads can be moved independently of each
other. The lead farthest to the right is Se3.
Fig. 12 shows the positions of these taps.

(¢) Positive Sequence Impedance Angle

The adjustment of the angle of the line drop

o,
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compensators for zones two and three to match
the angle of the positlve sequence 1lmpedance
of the line, is accomplished by setting an ad-
justable resistor. There is one resistor for
each ‘compensator. The three resistors
are located at the bottom of the relay
case. From left to right (front view) they
are phase A, phase B, and phase C. The values
of resilstance for a glven angle are checked at
the factory and a setting should be selected
so that the compensator angle is equal to the
line angle. The curve 1in Fig. 13 shows the
reslstance at which to set the sliders to
obtain the desired angle.

There are no adjustments on the telephone
relays. If it 1s desired to check them elec-
trically for positive pick-up, 125 volts d-~-c
should be applled across terminals 1 and 2 to
the HPS relay and the proper selector contacts
operated mechanically or electrically to pick-
up each relay. Front contacts of Sp and back
contacts of S¢ must Dbe closed to pickup Tg.
These relays are not contlinuously energlzed in
service. When testing at 125 volts d-c these
relays should not be energized for any appre-
ciable length of time since thelr continuous

rating 1s 66 V. d-c.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent in a location free
from dirt, moisture, excesslve vibration and
heat. Mount each relay vertically by means of
the two mounting studs for the standard case
and the type FT projection case, or by means
of the four mounting holes on the flange for
Either of the
studs or the mounting screws may be utilized

the seml-flush type T case.
for grounding the relay. The electrical con-
nections 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/ésbestos or slate panel mounting. The
terminal studs may be easily removed or in-
serted by lockling two nuts on the studs and
then turning the proper nut with a wrench.

CONNECTIONS

Fig. 7 shows schematically the connections

for one line terminal and the interconnections
of relays and auxiliary units.

ADJUSTMENTS AND MAINTENANCE

Type HXS Relay

The proper adjustment to insure correct
operation of this relay has been made at the
factory and should not be disturbed after re-
ceipt. It 1t 1s desired to check the adjust-
ments at regular maintenance periods, the 1in-

structions below should be followed.

All contacts should be perliodically cleaned
with a fine file. S#1002110 file is recom-
mended for this purpose. The use of abrasive
material for cleaning contacts is not recom-
mended because of the danger of embedding
small particles in the face of the soft silver
and thus impairing the contact.

Type HXS Relay Directlonal Element

Check the free movement of the directional
element loop. The loop should assume approxi-
mately a vertical position with contacts open
when the element 1s completely de-energized.

The movement of the loop 1s limited in the
contact opening direction by a stop screw
which strikes the 1lower part of the 1loop.
This screw is located on the left-hand side of
the element to the rear of the current coil.
The back stop screw should be screwed forward
until it Just touches the 1loop when it is in
1ts natural de-energized position. Set the
contacts for a separation of .020 Inches. Set
the front loop stop screw so that it touches
the loop at the same time the contacts close.
Then back off this screw 1/4% of a turn to gilve
the contacts the right amount of follow.

Energize the loop with normal potential and
adjust the bearing screws so there is about
.010 inch end play. See that the loop does
not bind or strike against the iron or coil
when pressed against elther end Jewel.

Apply 5 amperes suddenly at 2.5 volts in
phase to the directlonal element and make sure
that a good contact 1s made. It may be neces-
sary to adjust the

stationary contact

slightly in order to obtain a good steady con-

11
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tact. Reverse the polarity and apply 70 volts
and 5 amperes. This polarity reversal will
Make sure that
the contacts will not bounce closed when the

voltage 1s suddenly interrupted.

cause the contacts to open.

Too much follow on the directional contacts
should be avoided in order to allow the direc-
tional element to reset fast enough by gravity
to properly coordinate with the high speed
reactance elements.

When the directional element is energized on
voltage alone, there may be a small torque
which may hold contacts either open or closed.
This torque 1s small and shows up only at high
voltages with the entire absence of current.
At voltages high enough to make this torque
discernible, 1t will be found that only a
fractlon of an ampere in the current colls
wlll produce wattmeter torque to insure posi-
tive action. Thls is mentioned because the
slight torque shown on voltage alone has no
slgnificance in actual service and has no
practical effect on the directional element
operation.

Contactor Switch (Seal-In-Switch)

AdJust the stationary core of the switch rfor
clearance between the stationary core and the
moving core of 1/64% inch when the switch is
picked up.

This can be done by disconnecting
the switch, turning it up-side-down and turn-
ing the core screw until the contact Just
separates. Back off the core screw approxi-
mately one turn and lock in place. This pre-
vents the moving core from striking and stick-
ing to the statlonary core because of residual
magnetism. Adjust the contact clearance for
3/32 inch by means of the two small nuts on
elther side of the Micarta disc. The switch
should plck up at 1.0 ampere direct current.
Test for sticking after 30 amperes direct cur-
rent 1s passed through the coil. The resist-

ance of the coil 1is approximately 0.8 ohms.

Operation Indicator

Adjust the indicator to operate at 1.0 am-
pere direct current gradually applied. Test
for sticklng after 30 amperes dilrect current
1s passed through the coil.

12

Synchronous Timer

Pass 3.3 amperes through the timer trans-
Check the timer motor with a
neon lamp or with a cycle counter to see if it
See that the mov-
ing contact properly bridges both sets of

former primary.
runs at synchronous speed.

statlonary contacts and resets from any posi-
tion.

Trip Circuit

The contactor switch operates on a minimum
of 1.0 amperes but the trip circult should
draw at least 4 to 5 amperes 1in order to re-
duce time of operation of the switch to a
minimum and provide positive operation.

Beam Type Reactance Element

The magnetic gap settings are made at the
factory to set the reactance curve within the
limits shown in Fig. 16. These settings are
quite critical and should not be disturbed in
the fileld. If it is necessary to check this
characteristic the following procedure is
recommended.

1. Make set-up similar to Fig. 15.
2. Set taps on auxiliary unit and type HPS
relay as follows:

P, So P, Se 8.
Zone 1 D H # 78°
Zone 2 D2 H2 78 °
Zone 3 Dy  Hg 78°
#Set P + S, for one third of Py + Sg. The

values will depend wupon the zero sequence
range of the relay being tested (see table I).

Electrical Test:

1. Set voltage source to 70 volts. Close
selector element contacts to pilck-up auxiliary
switch on phase belng tested with zero current
in the zero sequence circuit. This will apply
full line to neutral voltage to the reactance
elements. The beams should not trip under re-
Thls test determines that the
relay will not overreach on a very remote
fault.

peated tests.

2. Set voltage to 30 volts and the phase
angle of line to ground voltage and fault cur-

-,
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Fig. 15—Test Connections For Calibration Check Of A Reactance Element.
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Fig. 16 —Typical Reactance Characteristics.

rent to @c, the angle of the line. Adjust the
resistor in the current circuit to give a
value of current slightly less than the trip
current. Close the switch several times at
thls value of current then increase the cur-
rent and repeat. In this manner determine the
value of A&urrent at which the beam will trip
for every switch operation. Change the phase
angle to 30° and 20° and repeat this pro-
cedure. A sample calculation follows showing

the percent reactance measured.

Sarmple Calculatilons:

The following calculation of +the reach of
the reactance slement from test data is shown

for zcone one of the relay.

#Zero sequence range = 3.0-12.0
Compensator .6-6.0

Settings :
s #PO + 3o Po x Se gc K
D1 + H1 Bl x H1 Zo -
6.0 + 0.0 1.78x1.24 T2°  1.12

14 :

Fig. 17 —Voltage Characteristic of Type HXS Relay.

Test results:
Eag I, e

30.0 8.8a 72°

where: Eag = line to ground voltage on phase A

Iz = fault current in phase A
© = angle of Eag and Iy
Calculation:

Iz = 8.8 amps.
Io

Ia = 2.9% amps.
3

(I3 + Ip) = 21, = 5.88 amp.

_ (I1 + I2) Zic = 5.88 x 1.78 x 1.2 /72°
K 1.12

= 11.5/72° volts

Eag = 30.0 /72° volts
Ezilc = 11.5 /72° volts

Ezic

ER = Eag - E21C = 18.5 !720 volts
8. ° °
zg =PR _18:5 /8% _ g5 e e
I, 2.9%
Zg = 1.9% + 36.0

% Reach = 100%

PN
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3. Repeat this procedure for zones two and

three using 45 volts line to ground and again
calculate the reach of the relay. Compare the

above results to the curve of Fig. 16.

If the actual operating conditions of the
relay are known for faults at the balance
point it 1s of course advisable to test the

relays with these conditions lmpressed.

TYPE HPS RELAY

Adjustment of Selector Elements

With the relay in the vertical position,
check the loop to see that it is free from
friction, properly centered 1in the gap and

free to swing.

so that there 1s
See that
strike the iron or

Adjust the bearing screws
about .010" end play on the loop.
the loop does not bind or
coil when pressed agalnst elther end Jewel.

The adjustments
hand loop stop

consist of a left and right
1imit the
and left hand spring

screw to travel of
right

tension screw adjuster..

the loop and a

Set the left and right hand loop stop screws
so that the loop will have maximum travel but
will not touch the magnet frame.

Left Hand Contact

With the loop in the normal de-energized
position adjust the 1left contact tension
spring screw 8O that the stationary contacts

just touches the movable Dbridge. Since the

it 1s
poth stationary contacts be aligned.

bridge is free to turn important that

Right Hand Contacts
With loop in the
the right contact tension
.015 inch gap.
rent as given under
Settings and contacts
with the bridging contact so that the auxilia-

ry switch picks-up at this current.

vertical position adjust

spring screw for
Apply the minimum plck-up cur-
Phase

the statlonary

Selector Element

align

Electrical Check

With equipment connected as shown in Flg. 15
which is a simulated phase A to ground fault
and the 10 turns, the
phase A selector should close contacts to the
right, and C
torque to the left. The telephone relay Tp,
should plck-up within the listed in
section on Phase Selector Element Settings.

selector taps set to

phase B elements should have

values

If it is required to test the type HPS relay
and the
a partial circult may be used.
filter and relay as in Fig. 14. Introduce the
A of the filter for a
simulated phase A to ground fault

Negative Sequence Filter separately,

Connect the

current into terminal
as shown,
and check element for a

operation as above

phase B to ground fault. Connect current
source to terminal B of the filter and connect
terminals A and C together. Similarly for a
phase € to ground fault connect current source
to terminal C of the filter and connect termi-
nal C of the filter

and B together.

and connect terminals A

15



TYPE HXS RELAYING SYSTEM

STANDARD RELAY RANGES
The ranges are available in the following combinations:

POSITIVE SEQUENCE COMPENSATOR

ZERO SEQUENCE REACTANCE ZONE 1
ZONE 1 2 3
Range 1 0.5-2.0 1.5-6.0 3-12 0.1-1.0
Range 2 1.5-6.0 3-12 6-24 0.3-3.0
Range 3 3-12 6-24 10-40 0.6-6.0

The second and thilrd zone positive sequence compensator is avallable with 0.3-6.0 ohms
or 0.6-12 ohms.

TABLE I
Zero Sequence Reactance Nominal Range
5-2.0 1.5-6.0 3-12 6-24 10-40
P, Tap Marking
A o] 0 0] 0 0
B .5 1.0 3.0 6.0 10
c .75 2.0 4.50 9.5 16
D 1.0 3.0 6.0 13.0 22
E 1.25 4.0 7.50 16.5 28
F 1.50 5.0 9.0 20.0 34
G 1.75 6.0 10.50 23.5 4o
S, Tap Marking
H 0 0 O- 0 0
I .1 .25 .5 .75 1.0
J .2 .50 1.0 1.50 2.0
K .3 .75 1.5 2.25 3.0
L L4 1.0 2.0 3.0 4.0
M -5 1.25 2.5 3.75 5.0
Values above are secondary ohms.
TABILE II
First Zone Positive and Negative Sequence
Line Drop Compensators (In Auxiliary Unit) Nominal Range
P, Tap Marking .1-1.0 .3-3.0 .6-6.0
B .10 .30 .60
G .17 .52 1.03
H .30 .89 1.78
I .51 1.53 3.05
J .87 2.63 5.25
Sc Tap Marking
A 1.12 l.12 1.12
B 1.24 1.24 1.24
c 1.36 1.36 1.36
D 1.48 1.48 1.48
E 1.60 1.60 1.60

Values above are in secondary ohms.
The following phase angle taps are available:
66° - 72° - 78° - 84° - 90°

16
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TABLE IIT

Second and Third Zone Positive Sequence Line Drop Compensators (In Type HPS Relay)

Primary Taps

0.3 - 6.0
PC

.30
.54
97
1.75
3.25

0.6 - 12

Pe

.57
1.02
1.94
3.5k
6.30

P, Values above are in secondary ohms
+ Refer to Fig. 3.

Polarizing
Winding
Turns

17
10
7
3

¢The approximate

¢Minimum
31,

Pick-up

Amperes

Tap Positions

o~ OV F W

10
11
12
13
14
15
16

TABLE IV

Maximum
314
Amperes

100
100
100
100

+ Secondary Taps

0.3 - 6.0 0.6 - 12
Se?2 Sco
1.0 1.0
1.10 1.10
1.20 1.20
1.30 1.30
1.40 1.40
1.50 1.50
1.60 1.60
1.70 1.70
S¢3 5¢3
1.80 1.80
1.91 1.91
2.02 2.02
2.13 2.13
2.24 2.24
2.35 2.35
2.46 2.46
2.57 2.57

Connection
of
Links

3 to B, 2 to A,
1toB, 2 to A
3 toB, 4 to A
2 to A, 1 to 3,

minimum plck-up current for single phase to ground fault.

4 to 1

4L to B

17
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ENERGY REQUIREMENTS

Types HXS Range Amps Min.
Relay Zero Sequence I Tap
.5 - 2.0 5.0 .1
1.5 - 6.0 5.0 .16
3.0 ~12.0 5.0 1.44
6.0 -24.0 5.0 1.44
10.0 -40.0 5.0 1.44
Zone 1

Positive Sequence

Compensator
Range I Min.
.1 -1.0 5.0 .05
.3 - 3.0 5.0 .1
.6 - 6.0 5.0 .16
Zone 2 & 3 Positive
Type HPS Seq. Compensator
Relay Range I Min.
.3 - 6.0 5.0 .1
.6 -12.0 5.0 .1
1.0 -20.0 5.0 .1
Zero Sequence Segregating Transformers I
5.0

Type HXS Relay Potential Burden

HXS Relay Reactance elements including
compensators
HXS Relay Directional element
Current Circuits
Amps
Dlrectional element 5.0
Timer Motor (Based on 3.3 transformer) 5.0
Type HPS Relay I
Phase Selector Coils SAp, SBp, S8Co 5.0
Phase Selector Coils SAg, SBy, SCq 5.0
17 turns
3 turns 5.0
Telephone Relays Ohms Pick-Up
TA 1300 30V, d-c
B 1300 30V, d-c
TC 1300 30V, d-c

18

Rated Volts

Y
Burden in V.A.
Max Tap Angle
.65 53°
5.75 60°
22.0 70°
23.0 70°
24,0 70°
Max. Angle
3.25 65°
4.0 65°
21.0 65°
Max. Angle
10.0 68°
12.0 68°
12.0 68°
VA
9.0 <;$
Volts VA PF Angle
67 19.0 20° lag
67 1.25 20° lag
VA PF Angle
2.22 20° lag
5.6 67° lag
VA PF Angle
1.75 72° lag
2.75 2° lag
1.22° 16° lag
Continuous

Control Volts

66V. d-c 125 V. d-c¢
66V. d-c 125 V. d-c
66V. d~-c 125 V. d-c
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INSTALLATION o

INSTRUCTIONS

I L. 41-426C
OPERATION e MAINTENANCE

TYPE HXS GROUND REACTANCE
RELAYING SYSTEM

CAUTION Before putting protective relays in-
to service, remove all blocking which may have
been 1inserted for the purpose of securing the
parts during shipment. Make sure that all
moving parts operate freely. Inspect the con-
tacts to see that they are clean and close
properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The Type HXS ground reactance relaying
system is of the high speed three zone direc-
tional distance type. It is designed to pro-
tect a transmission 1ine wupon the occurrence
of a single 1line to ground fault within the
protected gzones. Zone o¢ne, usually set for 70
to 80 percent of the first line section, will
initiate breaker operation without intentional
time delay. Zones two and three can be de-
layed to coordinate with other relays on the
adjacent 1line sections. For faults involving
more than one phase, this equipment will not
initiate breaker operation. The usual phase
relays are required for these faults.

The distance elements are of the balanced
beam reactance type and utilize zero sequence
quantities to determine the zero sequence re-
actance of the 1line frocm the relay to the
balance point. These quantities are obtained
from the fault current and voltage at the
relay by the wuse of sequence networks. Only
one distance relay 1s needed to provide com-
plete three phase protection since use 1s made
of a phase selector .relay operated by these
same sequence quantities, to connect only the
line to ground voltage of the faulted phase to
the distance element.

Three phase star-connected current and po-

SUPERSEDES |I. L. 41-426B

¥*Denotes change from superseded issue.

tential transformers are needed at the relay
location as well as 125 or 250 volts d-c
station battery service.

CONSTRUCTION

One terminal of relaying consists of the
following equipment:

one type HXS relay
one type HPS relay
one auxiliary unit
one set of 5/15 auxiliary current transformers

one negative sequence filter

TYPE HXS RELAY

The type HXS relay contains three reactance
beam elements, one for each zone, auxiliary
switches, operation indicators, one single
loocp type directional element and a synchro-
nous timer. These are shown schematically in

Figs. 1 and 2.

Reactance Elements

The reactance elements are of the balanced
beam hilgh speed type. The reactance charac-
teristic is obtained by balancing the torques
resulting from the vector sum of current and
voltage on the contact or operating end
against the voltage restraint on the opposing
end of the beam. The current ampere turns on
the operating end must be shifted 90 elec-
trical degrees from the voltage ampere turns.
This is accomplished by <the use of an air gap
transformer in the zero sequence current cir-
cuilt.

The voltage drop induced in the secondary of
the zero sequence transformer 1s proportional
to 3KI, and will lead the primary current 3I,
by 90°. This voltage causes a current to flow

EFFECTIVE AUGUST 1954
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* Fig. 1—Internal Schematic Of Type HXS Relay In The * Fig. 2.—Internal Schematic of the Type HXS Relay with
Type FT Case. Omit Test Switches For Relays In

The Standard Case.

in the operating coil of the
to the zero
of the

proportional
the primary
sum of this
the voltage

sequence

transformer.

drop (IoZ,), applied to

relay, which is
current in

The vector

current and the current caused by

the ele-

ment will give a resulilant which will imparct a

reactance characteristic to

balance pcint.

the beam at the

which are

There are no taps or adjustments on the re-
actance elements. Tap settings,

made on the auxiliary unit, are in terms cf
secondary zero sequence reactance ohms and
%11l be described fully under Adjustments.

A rectangular silver contact 1s flexibly

fastened on the forward end

of the beam. As

the beam trips, the contact bridges two silver

stationary hemispherical
the free end of the two short
small set screw determlnes
each leaf

Justing the contact gap.

Synchronous Timer

The timer is

contacts mounted on

leaf gprings. A

the position of

spring and provides means for ad-

a small sub-synchronous motor

the TS Transfer Switch. Omit Test Switches for
Relays in the Standard Case.

which

through

operates from the neutral current
a

saturating transformer, and drives

a moving contact zrm through a gear train.
The contact orn the meving arm is a cylindrical
loosely fitted on the
making contact,

two

silver sleeve, moving

arm., In this sleeve rolls
across vertically proJecting stationary
butt contacts to bridge the gap between them.
The loose fi1t of the sleeve permits a positive
alignment in bridging these

contacts. Two

sets of stationary are mounted on
Micarta insulating blocks which are adjustable
around a semi-circular calibrated guide. The

maximum time the timer 1s three

contacts

setting of
seconds.

The synchronous motor has a pinion on 1ts

rotor which 1s 1n mesh with the gear train

only when the motor 1s energized. The rotor

pinlon falls out of mesh instantly when the

motor is de-energized, allowing a spring to

reset the moving arm.

Directional Element

The voltage coil of the directional element
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serves as the primary winding of a small

transformer. The secondary winding consists
of a one turn movable coll, or loop, pivoted
line.
current which 1s proportional to and substan-
tially in
the primary winding.

portion of 1its length
field established by the current coils of the
directional element. The interaction of the
current in the loop with the flux established
whilch

one of two directions,

along 1ts center This loop carries a

phase with the voltage applied to
The pivoted loop has a

lying in a magnetic

by the current coils produces torque

rotates the 1loop in
depending upon the phase angle

and the applied

relationshilp
between the applied current

voltage.

4 Micarta arm extends from the movable loop
from which projects a short leaf spring. A
small cylindrical contact filled with powdered
attached to the outer end
movement of the tungsten
powder creates sufficlent
all of the
thus the tendency of the contact to bounce is

tungsten is rigidly
of the spring. The
friction to absorb
practically energy of impact and

reduced to a minimum.

The stationary contact screw fastens to a

rigid projecting arm. Contact follow is se-
cured by permitting the 1loop to travel for a
short distance after the contacts close, thus
This 1s done by

Another stop screw

deflecting the leaf spring.
an adjustable
limits the
direction.

stop screw.
travel of the loop in the opening
These stop screws act directly on
the 1loop and are accessible from the sldes of
the directilonal This directional
element has nearly true wattmeter characteris-
tics.

Auxiliary Contact Switch

element.

The d-c¢ contactor switch In the
solenoid type switch. A

relay 1s a
small cylindrical

plunger with a silver disc mounted on 1its

lower end moves In the core of the solenold.
As the

pridges three silver stationary contacts. The

plunger travels, upward, the disc
serles with the main contacts of
and with the trip coll of the
When close, the
coll becomes swltch

coil 1is in
the relay
breaker. the relay contacts

energized and closes the

TOP TEST SWITCH
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% Fig. 3—Internal Schematic Of Type HPS Relay In The

Type FT Case. Omit Test Switches For Relays In
The Standard Case.

This shunts the
thereby

contacts. main relay con-=

tacts, relieving them of the duty of
carryling tripping current. These contacts re-
main closed until the trip circult is opened

by the auxiliary switch on the breaker.

Operation Indicator

The operatlon indicator is a small solenold
When the
coil 1s energlzed, a spring-restrained

coil connected in the trip circuit.
arma-
releases a white target which falls by
indicate of the trip

indicator is reset from outside

ture
gravity to
circult. The
of the case

completion

by a push rod in the cover or
cover stud.

* Telephone Relay

A small transfer switch, as shown in the in-
ternal schematic Fig. 2, has been added to the

HXS relay to separate the second and third
zore compensation. The-curve Fig. 13 of reach
vs. ratio of the second and third zone does

not apply to relays with the transfer switch.
TYPE HPS RELAY

The type HPS Relay 1s used on systems which
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* Fig. 4.~Second and Third Zone Line Drop Compensator Fig. 5.—Internal Schematic of the Type HXS Auxiliary
Tap Identification (In Type HPS Relay). Unit.
have solidly grounded neutrals. The relay Fig. 5.

contains three
and third
auxiliary telephone

phase selectors, three second

zone compensators and three
type

shown schematically in Fig. 3.

relays. These are

Selector Elements

The three selector elements are constructed.

in the same manner as the directional element
of the type HXS

ceil replaces the

Relay, except that a current
coll. The coil

ends are brought out to a tap plate.

potential

Compensators For Second And Third Zone
Positive And Negative Sequence Line Drcp

Each compensator consists of a tapped trans-
former and an sdjusting resistor. The trans-
former has relatively few turns of heavy wire
on the primary and many turns of fine wire on
the secondary wound on punchings having an air
gap.
ary winding to provide the angular adjustment.

A resistor is shunted across the second-

The primary and secondary taps for range ad-

Justment are brought out to a plate as shown

in Fig. 4.
TYPE HXS AUXILIARY UNIT

The unit consists of three zero sequence air
gap transformers and three zone one positive
and negative sequence line drop compensators.

An internal schematic of this unit i1s shown in

“are for the

The zero sequence alr gap transformers are
similar to the compensating transformers ex-
cept that

primary winding to a

all taps are brought out from the

tap plate. These taps
adjustment of the reach of each

zone in terms of secondary zero sequence re-

actance of the line.

The zone one positive and negative sequence

line drop compensators are similar to the

zones two and three positive and negative se-
in the type HPS
Relay, except that the phase angle adjustments

The 90° tap 1s but

quence line drop compensators

are made by means of taps.
an approximation.

Negative Sequence Current Filter

The filter
with three windings

contains three mutual reactors
each and three resistors
The output

proportional to the

as shown schematically in Fig. 6.
of the filter will be
negative sequence components of the unbalanced
input. There are no taps or
the filter unit.

OPERATION

Phase Selection With Type HPS Relay

adjustments on

The functlon of the type HPS relay is to
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Fig. 6—Internal Schematic Of Negative Sequence Filter.

select the phase which 1is faulted and to
connect the proper phase wire of the secondary
of the star connected potential transformer
to the reactance elements and the potential
coil of the directional elements in the type
HXS relay.

The relationship between the positive, nega-
tive and gzero sequence components of current
is shown in Fig. 7. For single phase to
ground faults the zero sequence component of
current 1s equal to and in phase with the
negative sequence component of current of the
phase which is faulted. Thus, a selector ele-
ment using =zero sequence polarizing current
and phase A negatlve sequence current in its
other winding will have torque 1in one direc-
tion for a ground fault on phase A and in the
opposite direction for a ground fault on
phases B and C.

For this application three single loop type
directional elements are used. Eech is pola-
rized by zero sequence current. A three phase
negative sequence current filter 1s used to

provide three phase negative sequence

Fig. 7—Phase Relations Of Sequence Currents On Single-
Phase-To-Ground Faults.

currents. Phase A negative sequence current
is supplied to one selector element coil and
phase B and C currents to the other two. For
a fault on phase A, the element recelving zero
sequence current and the phase A component of
negative sequence current will have torque in
the contact closing direction. The elements
recelving the phase B and phase C components
of negative sequence current will have torque
in the openiling direction. Similarly on phase
B or C-to-ground fault one element will have
closing torque and the other two opening
torque.

The a-c connections for one terminal of pro-
tection ls shown schematlcally in Fig. 8. The
d-¢ connections are shown in Fig. 9. (These
schematics are shown with the transfer switch
TS . This telephone relay and its contacts
would merely be omitted for relays wired per
Fig. 1 and the T3 timer contact would replace
the TS contact in series with the third zone
indicator.) The phase selector elements have
both front and back contacts and these are sc
arranged that when the elements operate as ex-
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voltage. For a phase B-to-ground fault it
will be connected to phase A —to-ground
voltage, and for phase C-to- ground fault, it
will Dbe connected +to phase B - to -~ ground
voltage. Fig. 10 shows the vector diagram for
the directional element for a phase-to-ground
fault. The directional element current coil
1s so connected as to receive -3Iy current,
and therefore will operate to close contacts
and be in the reglon of maximum torque for all
single-phase-to-ground faults.

The type HXS relay scheme, however, does not
provide ¢tripping for two- phase- to- ground
faults. For a fault such as phases B and C
to ground, the zero sequence compecnent of
current will be 1in phase with the negative
sequence component of current on the un-
This will cause the phase A
selector to operate and telephone relay Ty to

faulted phase.

pick-up. A set of contacts on this relay con-
nects the unfaulted phase A to neutral voltage
to the reactance element causing the reactance
element to close contacts. The relay 1s pre-
vented from tripping the breaker, however, due
to the fact that telephone relay Tp also con-
nects phase C to neutral voltage to the direc-
tlonal element through another set of con-
tacts. Since the directional element current
coll 1s connected to receive -3I,, 1t may be
seen from Flg. 11 that the directional element
will have torque in the opening direction and
prevent the breaker from tripping.

Distance Measurement With The Type HXS Relay
And Auxiliary TUnit For Single-Line-To-Ground
Faults.

Since the 1line to ground voltage at the
relay 1s composed of positive, negative and
zero sequence line drops, 1t 1s necessary to
compensate for the positive and negative
sequence llne drops. For a phase-A-to-ground
fault assuming the fault current from both
terminals to be in phase:

Egg = (I3 + Ip) MZ7 + I, MZg + 3Ry (1)
where Eag = phase~ A- to- ground voltage, and
2y = 2q-

I = posiltive sequence line current

I» = negative sequence line current
zero sequence line current

=
(o]
1]

Z1 = posltive sequence impedance of line

Z5 = zero sequence impedance of line

M = fractional distance of 1line at which
fault occurs.

Rg = fault resistance

The relay will respond to the following im-

pedance:
Eag = (I1 + I2) MZ1 + MIoZo + 3IoRg (2)
IO IO
or:
Zrelay = Eag = (T1 + Ip) MZy + MZg + 3Rg (3)
IO IO

In equation (3) the first term on the right
hand side of the equation 1is a variable de-
pending upon the distribution of I + I, and
Iy which may change with system connections
The volt-
age Egg which 1s applied to the relay, how-
ever, may have this term subtracted out, for a
fault at the balance point, through the use of
the line drop compensator. The voltage which
the compensator supplies is -N(I1 + Ig) Z1,
where:

external to the protected section.

N = fractional distance of 1line section
which the relay is set to protect.

Eag = IoMZo + (I1 + I2) (M-N)Z1 + 3IoRg  (#)
Z relay = MZo + 3Rg + (I1 + I2) (M-N)Z1 (5)
Is

at the balance point M = N; therefore,

Z relay = MZo + 3Rg (6)

The relay therefore will receive a constant
indication for a fault at the balance point
The cali-
bration of the element is such that it will
respond to the 90° component of this imped-
ance, l.e., reactance, within the limits shown

regardless of system connections.

in Fig. 17 and is relatively independent of
changes in Rg. Therefore:

et

P
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X pelay = MXg

where: Xo = 2Zero sequence reactance of the

line.

* 1th relays per Fig. 3, the telephone switch
TS is used to separate zone 2 and zone 3 com-
pensation by switching zone 3 into the scheme
after the T3 timer contacts close. Thus fthe
current from zone 3 is not [lowing in the com-
pensator or the second zone colls when zone 2
only is connected. The TS relay removes zone
o from the scheme, closes a set of contacts in
and connects zone 3

the zone 3 trip circuit,

into the scheme. This connection is electri-
cally similar to the phase selector connection
of zone 1 and 2. Thus if the fault is in zone
3, the subsequent operation of X3 will initi-
The CS switch would immedlately

seal around the Do, X3, and TS contacts. The

ate tripping.
TS switch will drop out as soon as the timer

beging to reset.

SETTINGS

AUXILIARY UNIT

to be
They are (a) the settings for
of the line for
1ine to be protected, (k)

There are three settings made on the
auxiliary box.
the zero sequence reactance
that portion of the
the zone one positive

and negatilve sequence

line drop compensation, and (c) the phase
angle of positive sequence impedance for zone

one of the relay.

(a) Zero Sequence Settings for Zone 1, 2 and 3

Table I gives the

and 8o for

nominal tap values for Po
the three zones of protection 1In

terms of zero sequence reactance ohms. Tap
setting 1is determined by using the following

formula:

Pe + 8o = RCKZXO
Ry
where Pg = tap setting on primary of zero sée-

quence transformer in terms of =zero sequence

reactance.

8o = {fine tap sebtting on primary of zero
sequence transformer in terms of zero

sequence reactance.

Xo = zero sequence reactance of line
Re = current transformer ratlo
Ry = voltage transformer ratio
Ko = portion of line protected

Recommended values:

For the First Element - 75% of protected sec-
tion.

For the Second Element - Approx. 50% 1nto the
adjacent section.

For the Third Element - Approx. »5% intc the
third line section.

(b) Positive and Negative Sequence Line Drop

compensator Settings for Zone 1

Tables II and III gilve the
settings for the

nominal tap
the three
the value of constant

compensators for
zZones . Fig. 12 gives
Ky.

The 1ine drop compensator setting is made in
accordance with the formula:

P.Sc = Z1RcK1Kp

RV

where:

P, = setting of compensator primary in ohms

S¢ = setting of compensator secondary in ohms

7 = positive sequence impedance of line in
ohms

Re = current transformer ratlo

R, = voltage transformer ratio

Ko = portion of line to be protected. In gen-
eral this should be the same as Kp wused
in zero setting.

Ky = a constant determined by posltive
sequence angle of the line. See Fig. 12.

(¢) Zone One Phase Angle Settings

The compensator has
.. This 1is
value 1s

a phase angle setting,

chosen by selecting a tap whose
close to the positilve
The possible set-
tings of the first zone compensator are listed

in Table II.

sequence im-

pedance angle of the line.

The formula settings will be
installations.

sufficiently

accurate for most Where 1t is
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Fig. 13—Curve of Reach vs Ratio of 2nd And 3rd Zone
Setting.

desired to set the balance point mcre accu-
rately the tap values may be checked by apply-
ing to the relay the voltage, current and
phase angle conditions which will be impressed
fault

A slight change in the tap value from

cn it for a at the desired balarice
pcint.
the calculated value may be required on either
the zero sequence ohms tap or the compensator
tap for the relay to Just trip for the fault

at the simulated balance point.

NEGATIVE SEQUENCE FILTER

This unit is adjusted and calibrated at the
factory and requires no setting.

TYPE HXS RELAY

There are no settings to be made on this re-
1s calibrated at

no further ad-
If, however, 1t i1s desired to check
or recalibrate this element,

lay. The reactance element

the factory and should requlre
justment.
the procedure to
be followed is given under "Reactance Element
Calibration", The settings for adjustment of
the reach of this

auxlliary Unit.

element are located on the
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TYPE HPS RELAY

to make on the HPS

sensitivity of the se-

There are three settings
relay. They are: (a)

lector elements, (b) second and third zone

Line Drop Compensatcrs, (c) Positive sequence

impedance angle.

(a) Fhase Sele:t>r Elements

The minimum pick up of the element can be

adjusted by means of taps on the peclarizing

winding. A tap plate located on each selector
select the

polarizing winding turns on each selector ele-

element is provided ¢to number of

The ten turn tap is recommended for all
should be

ment.
applications and this combinatlon
selected. The minimum pick up for this tap is
1.3 amperes.

in Table IV.

Other available taps are listed

of HPS selector
elements are connected to terminals A' A" B!
B" and ¢' C". With this
quence must be eliminated from the filter in-
put. This is done by the action
sequence segregating on the input to
the fillter.

The negatlve sequence colls
connection

zZero se-

of the zero

network

(p) Second and Third Zone Line Drop

Compensators

The settings for positive sequence impedance
the first
pensators except that having selected the pri-

are made exactly as for zone com-

mary tap P, when setting the second zone com-
pensation, the third zone reach 1s achleved by
so that
the product of Pg S¢3 will equal the value de-

moving the zone three secondary tap

sired for the third zone. Sufficient range of
secondary tap adjustment is provided for this.
Table III gives values of secondary taps and

Flg. 12 gives the constant Ky for the formula.

The tap values of Pp in terms of the second-

ohms are
on the left
compensator tap

ary positive sequence impedance
marked on the tap plate located
of the 1line

The secondary adjustment,

hand side
block.

of 16 taps is located on the right side of the
block.
for the
other is

drcp
consisting

There are two secondary leads. One 1s
adjustment Se2 and the
adjustment S.3.

second
for the

zone

third zone

These leads can be moved Independently of each
The lead farthest tc the right is S,.3.

shows the rositions of these tars.

cther.
Pig. 4

(c) Positive Sequence Impedance Anule

The adjustment of the angle <f the line drir

compensaters for zones two and three tc match

the angle of the posltive seguence impedance

of the line, 1s acccrplished by setting an ad-
justable resistor. There is cne resistor for

eanh ‘compensator. The three resistcrs

are ccated  at the bottem ¢f the relay

case. From left to right (front view) they

are phase A, phase B, and phase C. The values
of resistance for a given angle are checked at

should be selected
angle is equal to the

Fig. 14 shows the

the factory and a setting
sc that the compensator

line angle. The curve in

resistance at which to set the slliders to
obtain the desired angle.
There are no adjustments on the telephone

relays. If it is desired to check them elec-

trically for positive pick-up, 125 volts d-c

should be applied across terminals 1 and 2 to
the HPS relay and the proper selector contacts
operated mechanically or electrically to pilck-
up each relay. Front contacts of Sp and back
contacts of Sc must be closed to pickup Tp.
These relays are not contlnuously energized in
at 125 volts d-c these

energlzed for any appre-

service., When testing
relays should not be
clable length of time since their

rating is 60 V. d-c.

INSTALLATION

continuous

The ~elays should be mounted on switchboard

panels or thelr equivalent in a location free
from dirt, excessive vibration and
heat.

the two mounting studs for

moisture,
Mount each relay vertically by means of
the standard case
and the type

FT projectlion case, or by means

of the four mounting holes on the flange for
Either of the
may be utiligzed

The electrical con-

the semi-flush type FT case.
studs or the mounting screws
for grounding the relay.
nections 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/ésbestos or slate panel mounting. The

terminal studs may be easily removed or in-

11
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the studs and
then turning the proper nut with a wrench.

CONNECTIONS

serted by locking two nuts on

Flg. 8 shows schematically the

for one line terminal and the interconnections

connections
of relays and auxiliary units.

ADJUSTMENTS AND MAINTENANCE

Type HXS Relay

The proper adjustment to lnsure correct

operation of this relay has been made at the
should not be disturbed after re-
It it is desired to check the adjust-

the in-

factory and
ceipt.
ments at regular maintenance periods,

structions below should be followed.

All contacts should be periodically cleaned
with a fine file. S#1002110
mended for this purpose.

fiile 1s recom-
The use of abrasive
contacts is not recom-
of the of embedding
small particles in the face of the soft silver.

material for cleaning

mended because danger

and thus Ilmpairing the contact.

Type HXS Relay Directional Element
Check the free
element loop.

directlonal
The loop should assume approxi-

movement of the

mately a vertical position wlth contacts open
when the element is completely de-energized.

The movement of the loop 1s limited in the
opening direction by a stop
which strikes the part of the 1loop.
located on the left-hand slde of

the rear of the current coil.

contact screw
lower
This screw 1s
the element to
The back stop screw
until it Jjust

1ts natural

should be screwed forward
touches the 1loop when it is in
Set the
contacts for a separation of .020 inches. Set
so that 1t touches

same time the contacts close.

de-~energized position.

the front loop stop screw
the loop at the
Then back off this screw 1/4 of a turn to give
the contacts the right amount of follow.

Energize the loop with
adjust the
.010 inch end play.
strike

when pressed against either end jewel.

normal potential and

bearing screws so there 1s about
See that

against the

the loop does

not bind or iron or coil

12

Apply 5 amperes suddenly at 2.5 volts in
phase to the directional element and make sure
that a good contact is made.
adjust the
glightly in order to obtain a good steady con-
tact.

and 5 amperes.

It may be neces-

sary to stationary contact
Reverse the polarity and apply 70 volts
This polarity reversal will
Make sure that

closed when the

cause the contacts to open.

the contacts will not bocunce

voltage 18 suddenly interrupted.

Too much follow on the directional contacts
should be avoided in order to allcew the direc-
tional element to reset fast enough by gravity
to properly coordinate with the

reactance elements.

high speed

When the directional element is energized on

voltage alone, there may be a smzll toryus

which may hold contacts either open or closed.
This torque is small and shows
voltages with the

At voltages

up only at high
entire absence of current.
high enough to make
discernible, 1t will be found that

fraction of an

this torque
only a

ampere in the current coils
will produce wattmeter torque
This is

shown on

to insure posi-~-

tive action. mentioned because the

slight torque voltage alone has no

significance 1n actual service and has no

practical effect on the directional element

operatlion.

Contactor Switch (Seal-In-Switch)

AdJust the stationary core of the switch for
clearance between the stationary core and the
.025 1nch when the

This can be done by disconnecting

moving core of swltch 1is
picked up.
the switch,

ing the core

turning 1t up-side-down and turn-
the
Back off the core screw approxi-

screw until contact just
separates.
mately one turn and lock 1iIn place. This pre-
vents the moving core from striking and stick-
ing to the stationary core because of residual
magnetism. Adjust the contact clearance for
3/32 inch by means of the two small nuts on
The switch

current.

either side of the Micarta disc.
should pick up at 1.0 ampere direct
Test for sticking after 30 amperes direct cur-
The resist-
is approximately 0.8 ohms.

rent is passed through the coil.
ance of the coll



TYPE HXS RELAYING SYSTEM

I. L. 41-426C

NEGATIVE
SEQUENCE
FILTER
nrs £
o O-— @A —
ADJUSTABLE $,F
RESISTOR . O (23)
e A —O A ¢! fs + []
8
rs [
AN I - AR
A Q (19X
O‘T ¢ s, ¢ )
g O 20—%*
o LE e | SECOND
21
c" & THIRD
TOME
COMPENSATOR
PRIMARY
Hes M $C0 $80 SAO | + HPS
27-D-5702
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* Fig. 16 —Test Connections F

or Calibration Check of a Reactance Element.
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* Fig. 17 —Typical Reactance Characteristics.

Ureratien Indicater

Adjust the indicstor to at 1.0 am-
Test

direct current

cperate
rere direct current
for sticking arter 30 amperes
is passed through the coil.

gradually applied.

Synchronous Timer

Pass 2.5 amperes through the timer trans-
Check the timer motor with a
neon lamp or with a cycle counter to see if 1t
See that the mov-

both

from any posi-

fermer primary.

runs at synchronous speed.
ing contact properly bridges sets of
stationary ccntacts and resets

tien.
Trip Circuilt

The contactor switch operates con
¢f 1.0 the trip
draw at least 4 to 5 amperes
the
minimum and previde positive operation.

a minimum
armperes but circuit should
in crder to re-
duce time of

operation cf switch to a

Telephone Relay

There is no adjustment on the telephone re-
If it is desired to check the electrical
pick-up, d-c voltage should be

of the HXS

lay.
applied across
terminals 1 and 2

relay. Care

14

Fig. 18—Voltage Characteristic of Type HXS Relay.

should be taken not to close the D and K
tacts unless the test circuit also contains a
current limiting load for the CS switch. This
relay is not continuously energized in service
When testing at 125 volt d-¢ the

not be energized for any appreciable length of

con-

relay should

time since the continuous rating is 60 v.d.c.

Beam Type Reactance Element

The magnetic gap settings at the

reactance curve within the

are made
factory to set the
limits shown in Fig. 17. These settings are

quite ecritical and should not be disturbed in

the field. If it is necessary to check this
characteristic the following procedure 1is
reccrmended.

1. Make set-up similar to Fig. 16.

2. Set taps on and type HPS

auxlliary unit
relay as follows:

PO SO PC SC ﬁC
Zone 1 D} # 78°
Zone 2 Do  Hp 78°
Zone 3 Dy Hg 78°
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#Set P, + S¢ for one third of Pg + So- The

values will depend upcn the 2zero gequence

rar.ge of the relay belng tested (see table I).

Electrical Test:

1. Set voltage source to 70 volts.
selector element contacts to pick-up auxiliary
switch on phase belng tested with zero current
in the zerc sequence circult. This will apply
#3411 line to neutral voltage to the reactance
The beams should not trip under re-

This test determires that the

elements.

peated tests.

relay will not sverreach on a very remote
fault.
o, gset veltage te 30 volts and the phase

angle of line-to-ground voltage and fault cur-
rent to @c, the angle cf the line. Adjust the
surrent circuit to

resistor in the give a

value of current slightly less than the trip

current. Close the switch several times at

this value of current then lncrease the cur-
In this manner determine the
at which the
for every switch operation. Change the phase
angle to 30° and 20° and this

A sample calculation follcows showing

rent and repeat.
value of current beam will trip
repeat pro-
cedure.
the percent reactance measured.
Sample Calculatlons:

calculation of the reach of
from test data 1s shown

The following
the reactance element

for zone one of the relay.

#7ero sequence range = 3.0-12.0

Compensator .6-6.0
Settings
& #Po + So Pec X Sec gc K
D1 + H1 Bl x H1 &2 -
6.0 + 0.0 1.78x1.2k 7R 1.12
Test results:
ag Ta e
30.0 8.8a 72°

where: Eag = line to ground veltage on phase A

Ig = fault current in phase A
6 = angle of Egg and Ig
Calculation:

I, = 8.8 amps.
1o = Eg_z 2.95% amps.
3
(I + Ip) = 215 = 5.88 amp.
_ (I1 + I2) Zlc = 5.88 x 1.78 x 1.2% /fr2°
- K 1.12

= 11.5{72° volts

Ezic

1. L. 41-426C
Eag = 30.0 /72° volts
Ezie = 11.5 /72° volts
ER = Eap - Egic = 18.5 /127 volts
E 18. 2°
ZR =R __.E e’ 6.3 /72° ohms
- I,  2.9%
Close
VAN 1.94 + j6.0

% Reach = 100%

3. Repeat this procedure for zones two and
three using 45 volts 1line to ground and again
calculate the reach of the relay. Compare the

above results to the curve cf Pig. 17.

of the
balance

If the actual operating conditions
faults at the
to test the
relays with these conditions impressed.

TYPE HPS RELAY

relay are known for

point 1t 1s of course advisable

Adjustment of Selector Elements

With the relay in the vertical position,
check the 1loop to see that 1t 1s free from
friction, properly centered in the gap and
free to swing.

Adjust the bearing screws SO that ¢there is
about .010" end play on the loop. See that

the loop does not bind or strike the iron or

coil when pressed against either end Jjewel.

The adjustments consist of a left and right
1imit the

and left hand spring

screw to travel of
right

tension screw adjuster.

hand loop stop

the loop and a
Set the left and right hand loop stop screws

so that the loop will have maximum travel but

will not touch the magnet frame.

Left Hand Contact

Wwith the 1loop in the normal
adjust the left
that the
the movable

de-energilzed

position contact tension

spring screw so stationary contacts
Since the

important that

just touches bridge.
it is

both stationary contacts be aligned.

bridge is free to turn

Right Hand Contacts
With loop in the
the right contact tension spring
.015 inch gap. Apply the minimum pick-up cur-
Phase
the statlionary

vertical position adjust

screw for
Element

rent as glven under Selector

Settings and align contacts
with the bridging contact so that the auxilia-

ry switch picks-up at this current.

15
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Electrical Check

With equipment connected as shown in Fig. 16
which is a simulated phase A to ground fault
and the selector taps set to 10 turns, the
phase A selector should close contacts to the
right, phase B and ¢ elements should have
torque to the left. The telephone relay Tps
should pick-up within the values listed in
section on Phase Selector Element Settings.

If 1t is required to test the type HPS relay

and the Negative Sequence Filter separately,
a partial circult may be used. Connect the
filter and relay as in Fig. 15. Introduce the
current into terminal A of the filter for a
simulnted phase-A —to-ground fault as shown,
and chock element operation as above for a
phase-B —toc—ground fault. Connect current
source to terminal B of the filter and connect
terminals A and C together. Similarly for a
phase-C-to—ground fault connect current source
to terminal C of the filter and connect termi-

nals A and B together.

STANDARD RELAY RANGES

The ranges are available in the following combinations:

ZERO SEQUENCE REACTANCE

ZONE 1 2 3
Range 1 0.5-2.0 1.5-6.0 3-12
Range 2 1.5-6.0 3-12 6-24
Range 3 3-12 6-24 10-40

POSITIVE SEQUENCE COMPENSATOR
ZONE 1

o O O
o W
o O O

.1-
.3~
.6-

The second and third zone positive sequence compensator is available with 0.3-6.0 ohms

or 0.6-12 chms. (See Table III)

TABLE T
Zero Sequence Reactance Nominal Range
5-2.0 1.5-6.0 3-12 o-24 10-40
P, Tap Marking
A 0 0 0 0 0
B .5 1.0 3.0 6.0 10
C .75 2.0 k.50 9.5 16
D 1.0 3.0 6.0 13.0 22
E 1.25 4.0 7.50 16.5 28
F 1.50 5.0 9.0 20.0 34
G 1.75 6.0 10.50 23.5 40
Sy Tap Marking
H 0 0 0 0 0
I .1 .25 5 .75 1.0
J 2 .50 1.0 1.50 2.0
K .3 .75 1.5 2.25 3.0
L A 1.0 2.0 3.0 k.o
M <5 1.25 2.5 3.75 5.0
Values above are secondary ohms.
TABLE II
First Zone Positive and Negative Sequence
Line Drop Compensators (In Auxiliary Unit) Nominal Range
P, Tap Marking 21-1.0 +3-3.0 _-6-6.0
F .30 .60

16

e
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o H W@

SC Tap Marking

g aQ @ »

E

Values above are in secondary ohms.
The following phase angle taps are availlable:

66° - 72° - 78° - 84° - 90°

1. L. 41-426C

.17
.30
.51
.87

1.12
1.24
1.36
1.48
1.60

TABLE III

Second and Third Zone Positive Sequence Line Drop Compensators (In Type HPS Relay)

Primary Taps

0.3 - 6.0
PC

.30
.5k
.97
1.75
3.25

P, Values above are in secondary ohms

0.6 - 12
Pe

.57
1.02
1.94
3.54
6.30

4+ Refer to Fig. 3.

Polarizing
Winding
Turns

17
10
7
3

¢The approximate

¢Minimum
31,
Pick-up

Amperes

w u w O
Ut

SIS
=3

Tap Positions

W~ oO0Wwm F w o=

9

10
11
12
13
14
15
16

TABLE IV
Maximum

Amperes

31,

100
100
100
100

.52 1.03
.89 1.78
1.53 3.05
2.63 5.25
1.12 1.12
1.24 1.24
1.36 1.36
1.48 1.48
1.60 1.60
+ Secondary Taps
0.3 - 6.0 0.6 - 12
Sc?2 Sco
1.0 1.0
1.10 1.10
1.20 1.20
1.30 1.30
1.40 1.40
1.50 1.50
1.60 1.60
1.70 1.70
5.3 S:3
1.80 1.80
1.91 1.91
2.02 2.02
2.13 2.13
2.24 2.24
2.35 2.35
2.46 2.46
2.57 2.57
Connection
of
Links
3toB, 2toA, 4 tol
1 toB, 2toA
3 toB, 4t to A
2 toA, 1 to3, % toB

minimum pick-up current for single phase to ground fault.

17
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ENERGY REQUIREMENTS

Types HXS Range Amps Min.
Relay Zero Sequence I Tap
.5 - 2.0 5.0 .1
1.5 - 6.0 5.0 .16
3.0 -12.0 5.0 1.44
6.0 -2%.0 5.0 1.44
10.0 -40.0 5.0 1.44
Zone 1
Positive Sequence
Compensator
Range I Min.
.1 -1.0 5.0 .05
.3 - 3.0 5.0 .1
.6 - 6.0 5.0 .16
Zone 2 & 3 Posltive
Type HPS Seq. Compensator
Relay Range I Min.
.3 - 6.0 5.0 .1
.6 -12.0 5.0 .1
1.0 -20.0 5.0 .1
Zero Sequence Segregating Transformers I
5.0
Type HXS Relay Potential Burden
HXS Relay Reactance elements including
compensators
HXS Relay Directional element

Current Circuits

Directional element
Timer Motor (Based on 3.3 transformer)

Type HPS Relay I
Phage Selector Coils SAop, SBp, SCo 5.0
Phase Selector Colls SA,, SB,, SC, 5.0
17 turns
3 turns 5.0
Telephone Relays Ohms
TA 1300
B 1300
TC 1300

18

Amps

5.0
5.0

Pick-Up

30v, d-c
30V, d-c
30V, d-c

Burden in V.A.

Max Tap Angle
.65 53°
5.75 60°
22.0 70°
23.0 70°
24.0 70°
Max. Angle
3.25 65°
k.0 65°
21.0 65°
Max. Angle
10.0 68°
12.0 68°
12.0 68°
VA
9.0
Volts VA PF Angle
67 19.0 20° lag
67 1.25 20° lag
VA PF Angle
2.02 20° lag
5.6 67° lag
VA PF Angle
1.75 72° lag
2.75 2° lag
1.22° 16° lag
Continuous
Rated Volts Control Volts
66V. d-c 125 V. d-c
66V. d-c 125 V. d-c
66V. d-c 125 V. d-c

4
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