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CAUTION colls are mounted on a magnetic frame and the

Before putting protective relays into
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 contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connectlons. ’

APPLICATION

The type HZ-1 relay is a single ele-
ment high speed impedance relay with an Imped-
ance element of the balanced beam type and a
high spee. directional element. The relay is
used for directlonal phase fault protection over
80 to 90% of the transmission line section and
supplements the existing slow speed relays which
protect the remaining 20 to 10% and provide back
up protection.

CONSTRUCT ION

The type HZ-1
stantaneous Iimpedance

relay contains an in-
element, a dlrectional
element, a contactor switch, and an operation
indicator mounted in the standard cases of fig-
ures 9 and 10. The elements are constructed as
follows:

Impedance Element

Construction detalls of this element
are shown in figure 1. A balanced beam 1is pull-
ed downward on the contact end by a current coll
and on the other end by two voltage colls. The
fluxes of these two potential coils are shifted
out of phase with respect to each other to pro-
duce a steady pull so that practically a con-
stant balance can be obtalned regardless of the
phase angle between the current and voltage coill
fluxes. A tap screw on the front of the element
permits changing the number of turns on the cur-
rent c¢oll, and a core screw on the bottom of the
element changes an alr gap in the magnetic path.
These two adjustments make 1t possible to set
the element.

A rectangular silver contact 1s flexi-
bly fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
stationary hemlspherical contacts mounted on the
free end of a short leaf spring. A small set
screw determines the position of the leaf spring

and provides means for adjusting the contact
gap.
Directional Element
A small voltage transformer causes a

large current to flow in a single-turn movable
aluminum secondary, whilch current 1is substan-
t1ally in phase with the voltage. The current

*SUPERSEDES |.L. 34720 -

current and voltage elements are assembled at
right angles to each other with the one-turn
voltage loop in the air gaps of the current coll
flux path. The interaction of the current and
voltage fluxes produces torque and rotates the
loop In one of two directions, depending on the
direction o’ power flow.

An Isolantite arm
moving loop and supports a rectangular silver
contact which bridges two stationary contacts
located on the right of the loop. The station-
ary contacts are silver hemlspheres mounted on
the lower end of vertically-hanging spring
leaves. The contact separation is adjustable by
a small screw near the upper end of the rigld
statlonary contact supporting arm. One of these
supporting arms hangs parallel to each of the
two statlonary contacts. The set screw on the
lower end of this arm provides the contact fol-
low adjustment. An additional screw on the
movement frame beneath the current c¢oil 1iron
1imits the movement of the one-turn loop to the
left.

Contactor Switch

extends from the

This 1s a small solenold type d-c.
switch. A cylindrical plunger with a silver
disc mounted on its lower end moves in the core
of the solenold. As the plunger travels upwards
the disc bridges three silver statlonary con-
tacts.

Operation Indicator

The operation indicator 1s a small
solenoid coll connected in the trip clrcuit.
When the coil is energized, a spring restrained
armature releases the white target which falls
by gravity to show the completion of the trip
circult. The high speed action of the 1lndicator
13 obtained by fastening a welght through a leaf
spring to the armature. The added inertia
causes the armature to continue 1ts motlon after
the coil has been short-circuited. The 1indica-
tor is reset from outside the case by & push rod
in the cover stud.

OPERAT ION

The relay measures the 1mpedance of
the line to which 1t 1s connected by measuring
the ratio of the current and voltage supplled to
it. The relay 1s connected to recelve a current
and voltage proportional to those exlsting on
the high-tenslon line, With a fault in the zone
of the relay, a given amount of current, I, will
flow from the relay location to the fault. With
zero voltage existing at the fault, the voltage
at the relay must be equal to the drop in the
1ine due to the current, I, or equal to IZ where
7 is the impedance to neutral of the line from
the relay to the point of fault. The ratlo of
the two values 1s IZ/I = Z. Thus, the ratio 1s
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Figure 1
Sectional View of the Impedance Element.

constant for any v~lue of current as the voltage
on the relay 1s equal to the current times the
line impedance. Therefore, 1if the 1mpedance
element 1s adjusted by the core screw and taps
on the current coil for & value of current such
that the pull of the current coll is just equal
to the potentiel restraint for a fault at 80 to
90% of the line section, the beam will be bal-
anced for a fault at that point for any value of
current. Now, 1f the fault occurs beyond this
balance point, the beam will not trip as the
voltage pull 1s the greater due to a large a-
mount of impedance and correspondingly larger
potentlal restraint than the beam 1s balanced
for.

The directional element contacts are
in sertes with the 1mpedance contacts so that
the fault current must be flowing away from the
bus on the line being protected before the relay
can operate. The coill of the contactor switch
1s connected in the trip circuit. When the re-
lay contacts close, the coil 1s energized and
its contacts short around the relay contacts,
relieving them of the duty of carrying the
breaker tripping current. These contacts remain
closed untll the trip circult is opened by a
breaker suxillary switch. The third contact of
the contactor swiich 1s connected to a separate
relay termlnal to operate an alarm circuit. The
operation indicator shows & white target when
the trip circult 1s completed.

The operation of the impedance element
is not dependent on the operatlion of the direc-
tional element, that is, it 1s not directionally
controlled. Directional control is unnecessary
because the lmpedance element 1s so fast in op-
eration that 1t will open contacts before the
directional contacts can close {as on a reversal
of power flow after a fault has been cleared
elsevhere). Likewlse, the directional contacts
wlll always open before the impedance contacts
can close.

- CHARACTERISTICS

The relay 1is availeble in two imped-
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Internal Wiring Diagram of the Type HZ-1 Relay.

ance ranges: 0.6 to 6.0 ohms and 0.2 to 2.0
ohms. The difference 1n the two ranges 1s in
the current colls of the impedance element and

the corresponding tap markings. The tap and
scale markings are as follows:

0.6 to 6.0 Ohm Relay

Taps - 6.2, 9.4, 13.5, 20.8, 29.8, 45

Core Screw Marking - .8, .9, 1.0, 1.2, 1.4

0.2 to 2.0 Ohm Relay

Taps - 2, 3, 4, 6, 9, 13

Core Screw Marking - .8, .9, 1.0, 1.2, 1.4, 1.6
SETTINGS

The type HZ-1 relay requires a setting
for the impedance element. The following nomen-
clature will be used:

Z = the line-to-neutral ohlmic impedance of the
protected line from the relay to the 80 or
90% balance point.

The current transformer ratio

The potential transformer ratio

The impedance element current tap value

The lmpedance element current core screw

\ value. The values appears as a series of
dots on the drum of the lower core screw

ad justing knodb.

[/ ('

Since the 1impedance of the voltage
circulit of the relay 1s the same at all times,
the balance polnt of the element is adjusted by
changing the pull on the current coil. This is
done by taps (T) on the current coll winding,
and by the core screw (8) which varies the mag-
netic air gap for the current flux.

The most satisfactory method of arriv-
ing at the tap setting 1s by the use of the fol-
lowing formulas:

i,
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For Impedance Elements Receiving Delta Cur-

rent Use:
10 Z Rg
T8 =Ry : (1)
For Impedance Element Receiving Star Cur-
rent use:
78 = 17.3 Z Re (2)

Ry

The tap, T. 1s obtained by dividing
the TS product by S to give an available tap
number. When changing taps, the extra tap screw
should be screwed in the desired tap before re-
moving the exlsting tap screw to prevent open
circulting the current transformers.

The numbers on the core screw appear
in ascending order as the core screw 1s screwed
into the core. In some cases, a question of
doubt may arise whether the scale setting is
correct, or is out by one full turn of the core
serew. In such a case, the point may be veri-
fied by turning the core screw all the way in.
Then back out the core screw until the highest
scale marking just comes under the end of the
pointer. This will occur in less than 3/4 of a
turn. To prevent such doubt it 1s recommended
that the core screw setting be made by thus lo-
cating the highest scale marklng and then con-
tinuing to back it off until the desired value
appears exactly under the end of the pointer.
Sufficiently accurate setting can be made by in-
terpolating between the marked points when nec-
essary.

The above formulae are based on the
relay being used on & 60° line and 1s correct
for lines of that angle. For lines other than
60° a slight error 1s introduced which may be
as much as 8% and 6% on 40° and 80° lines re-
spectively. However, the formula relay setting
can be corrected for lines other than 60° by us-
ing the curve of figure k. The scale reading
should be decreased so that the current to trip
the beam at the line angle 1s equal to the cur-
rent to trip on a 60° line.

The formulae settings are sufficlently
accurate for most installatlons. Where 1t is
desired to set the balance point more accurately
the tap and scale values may be checked by ap-
plying to the relay the voltage, current, and
phase angle conditions which will be 1mpressed
on it for a fault at the desired balance point.
A slight change 1in the scale value from that
calculated may be required.

As an example of the formula setting,
set the impedance element to protect a 60°, 110
kxv., 60 cycle line, 75 mlles long. The line-to-
neutral impedance 1is .75 ohms per mile. The
current transformer ratio is 400/5, and the po-
tential transformer ratio is 1000/1. The imped-
ance element is to protect 90% of the line sec-
tion or for a balance point .90 x 75 x .75 =
50.6 ohms away. Then

10 x 50.6 x 80
T8 = = 10.5
1000

Set tap = 29.8 and core screw = 1.36
on a 0.6 to 6.0 ohm relay.

INSTALLATION

The relays should be mounted on
switchboard panels or their equivalent in a lo-
cation free from dirt, moisture, excessive vi-
pration and heat,  Mount the relay vertlcally by
means of the two mounting studs. Either of
these studs may be utilized for grounding the

metal base. The electrical connections may be
made direct to the terminals by means of screws
for steel panel mounting or to terminal studs
furnished with the relay for ebony-asbestos or
slate panel mounting. The terminal studs may be
easily removed or I1nserted by locklng two nuts
on the studs and then turning the proper nut
with a wrench.

CONNECT IONS

Impedance Element

The lmpedance to the balance polnt 1s
measured from the point where the potential
transformers are connected.

In some applications &a power trans-
former bank forms part of the transmission line,
and potential transformers are avallable only on
the bus side of the bank. In this case the re-
lays may be set thru the bank to protect the
line only if the bank impedance 1s not too large
as compared with the 1line impedance. If the
bank impedance 1s too large in comparison with
the line impedance, the 80 or 90% setting’of the
impédance element may cover only a very small
percentage of the transmission line or in some
cases not cover any of the line sectlion. In or-

- der to use the potentilal transformers on the bus
side of the bank under this condition, Type KX
compensators are used and the impedance measured
from the line slde of the bank to the balance
point. The type XX compensators operate from
the current transformers and provide voltage
compensation equivalent to the drop in the power
bank.

The above discussion assumes that pow-
er is fed thru the bank to faults on the line.
Where a power transformer connects to a high
tenslon transmission line and does not supply
power to a 1line fault, low-tension potential
transformers may be used without compensation.
Then, the impedance to the balance point 1s
measured from the polnt where the power bank
connects to the protected line.

The conventional star connection of
current transformer is not satisfactory where
accurate dlstance relay protection is desired.
With this connection the balance point of the
impedance element shifts about 15% depending up-
on whether a phase-to-phase, a three phase or a
double ground fault 1is involved. That is, 1f
the balance point were adjusted at 80% for a
three phase fault, then for a double ground
fault the shift may be more or less than plus or
minus 15% of the 80% setting, depending upon the
ratio of the zero sequence lmpedance to the neg-
.ative sequence impedance of the system from the
source of power to the fault. This error can be
entirely eliminated by making use of the vector
diffec—~ence between the line currents, (i.e.delta
currents) for actuating the relay.

The most common method is to connect
the maln current transformers in star and use a
get of auxiliary 5/5 ratio transformers to sup-
ply delta current to impedance element, as
shown in figure 8. These auxlliary transformers
need not be of very large colt-ampere capacity,
as they supply only the impedance coils which
are of very low burden.

Directional Element

The dlrectional element colls should
be connected to recelve current that leads the
voltage by 30°, when the line power factor is
100%. The advantage of connecting the direc-
tional element in this manner is that for any-
thing except a three-phase fault the voltage ap-
plied to the relay required to trip will be e-
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qual to, or in excess of, the normal line-to-

neutral voltage.

The polarity of the current and the
voltage colls should be as indicated on the of-
ficlal internal and external wiring diagrams as
supplied by the manufacturer.

Trip Clrcuit

The contactor swltch operates on a
minimum of 1.0 ampere, but the trip circult
should draw at least 4 or 5 amperes in order to
reduce the time of the operation of the switch
to a minimum and provide more positive opera-
tion. If the relay 1s used to trip an auxiliary
multli-contact relay, provision should be made
for loading down the trip circuit with a resis-
tor in parallel with the operating coils of the
auxiliary relay. Also, since the total trip
circuit resistance in the relay is approximately
3.8 ohms, care must be taken to see that the
breaker trip coil will receive enough current
when low voltage control 1s used.

The main contacts on the impedance el-
ements and directlonal element will safely close
30 amperes at 250 volts d-c., and the switch
contacts will safely carry this current long
enough to trip a breaker.

ADJUSTMENT & MAINTENANCE

The proper adjustments to insure cor-
rect operation of this relay have been made at
the factory and should not be disturbed after
receipt by the customer. If the adjustments
have been changed or the relay taken apart for
repairs, the following instructions should be
followed in reassembling and setting it.

All contacts should be periodlcally
cleaned with a fine file. S#1002110 file is re-~
commended for this purpose. The use of abrasive
materlal for cleaning contacts 1s not recommend-
ed, because of the danger of embedding small
particles 1in the face of the soft silver ang
thus impairing the contact.

Impedance Element

Refer to figure 1. Adjust the stop
screw on the rear of the beam to give a clear-
ance of .025 1inches between the beam and the

voltage iron circuit. With the beam in the re-
set position, 1l.e., with the stop screw against
the stop, adjust the vertical gap for .009
inches between the.adjustable iron and the beam.
Care should be taken 1n this adjustment to keep
the gap the same on both sides. Also, with the
beam in the same position adjust the gap between
the front end of the beam and the stop in the
upper core screw to .020 inches. The above val-
ues for the air gaps may be obtalned by means of
feeler gauges. It should be borne in mind, how-
ever, that the values given represent normal, or
average values.

The beam should be balanced as fol-
lows. Connect the relay with polarities as
shown in the test diagram, figure 7. With any
tap and scale setting, check the impedance meas-
ured by the relay with 35 volts potential re-
straint. Apply 5 volts restraint and adjust the
balance weight on the beam until the beam just
trips with 1/7 of the current required to trip
wlth 35 volts restraint. In the factory adjust-
ment, this 1s done at T = 20.8 and 8 = 1.4 for
the 0.6 to 6,0 ohm relay and at T = 13, S = 1.6
for the 0.2 to 2.0 ohm relay.

The stationary contacts
justed to give .015 inches clearance between
them and the silver bridge on the beam when the
bearn 1s 1n the reset position. The bridge

should be ad-

IMPEDANCE RELAY

should be made to touch both contacts simultane-
ously, and deflect the contact springs at least
+010 1nches before the beam strikes the bronze
stop on the cores screv.

It 1s difficult to accurately adjust
the contacts by eye. A good method consists in
first adjusting one of the contacts to the cor-
rect gap and then applying just sufficilent cur-

rent to +trip the beam against a restraint of
about 5 volts. While the beam is in this posi-
tion; that is, lightly pressing on the one con-

tact, the other contact should be slowly adjust-
ed upward by means of the set serew until it
Just touches the silver bridge wlthout lifting
it off the other contact. -The trip ecircuit
should be energized so that the lighting of a
lamp or the tripping of an auxiliary relay will
show when both contacts are made.

A  further caution in
contact adjustment 1is that

regard to the
too much follow or

deflection of the statlonary contacts will
slightly delay the resetting of the impedance
element and thus the directional element con-

tacts may get closed before the impedance con-
tacts are open and result in unnecessary trip-
ping.

Directional Element

Check the free movement of the direc-
tional element loop with the relay in a vertical
position to see that it is free from friction
and properly centered. The loop should assume a
vertical position with the contacts open when
the element 1s completely deenerglzed.

With the loop 1n the vertical position
adjust the stationary contacts for .020 inch se-
paration from the vertical moving contact. Ad-

just the contact back stop screw to Jjust touch
the stationary contacts, then back off 1/4 of a
turn to give correct contact follow. Ad just the

stop screw which limits the movement of the loop

to the left (this screw 1s located to the rear
of the current coil) so that the loop just
strikes this stop when deenergized.

Too much follow on the directional

contacts should be avoided 1n order to allow the
directional element to reset fast enough by
gravity to properly coordinate with the high
speed impedance element.

Energize the 1loop with normal poten-
tial long enough to bring it up to temperature
(about 10 or 15 minutes) and adjust the bearing
screws so there 1s about .010 inch end play.
See that the loop does not bind or strike a-
gainst the 1iron or coil when pressed agaeinst
elther end jewel.

The minimum pick-up of the element is
10 amperes at 2.0 volts (unlty power factor).
Apply these values to the eleuent and see that
the contacts make good contact in the correct
direction. Reverse the direction of current to
see that the contacts open.

When the directional element is ener-
glzed on voltage alone, there may be & small
torque which may hold contacts either open or
closed. This torgque 1s small and shows up only
at high voltages with the entire absence of cur-
rent. At voltages high enough to make this
torque discernible, it will be found that only a
fraction of an ampere in the current coils will
produce wattmeter torque to lnsure positive ac-
tion. This 1s mentloned because the slight
torque shown on voltage alone has no signifi-
cance in actual service and has no practical ef-
fect on the directional element operation.

Check the coordination of the direc-

_y
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INSTALLATION

I. L. 41-416D

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HZ-1 IMPEDANCE RELAY

CAUTION

into service,

Before putting protectlve relays
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 connections.

APPLICATION

The type HZ-1 relay is a single element high
speed 1mpedance relay with an impedance ele-
ment of the halanced beam type and a high
speed directional element. The relay is used
for directional phase fault protectlon over 80
to Q0% of the transmlssion 1line section and
supplements the exlsting slow speed relays
which protect the remaining 20 to 10% and

provide back up protection.

CONSTRUCTION

The type HZ-1 Relay contains an instantan-
eous lmpedance element, a directional element,
a contactor switech, and an operation indicator
mounted 1in +the standard cases of figures 10
and 11. The elements are constructed as

follows:

Impedance Element

Constructior. detalls of this element are
shown in figure 1. A balanced beam is pulled
downward on the contact end by a current coil
and on the other end by two voltage colls.
The fluxes of these two potentlal colls are
shifted out of phase with respect to each
other to produce a steady pull so that practi-
cally a constant Dbalance can be obtained
regardless of the phase angle between the cur-
rent and voltage coil fluxes. A tap screw on
the front of the element permits changing the

number of turns on the current coll, and a

SUPERSEDES L. 41-416C

*Changed from previous issue.

core screw on the Dbottom of the element
changes on air gap in the magnetlc path.
These two adjustments make 1t possible to set
the element.

A rectangular silver contact 1is flexibly
fastened on the forward end 'of the beam. As
the beam trips, the contact bridges two silver
statlonary hemispherical contacts mounted on
A small
set screw determines the position of the leaf

the free end of a short leaf spring.

spring and provides means for adjusting the
contact gap.

Directional Element

A small voltage transformer causes a large
current to flow in a single-turn movable
aluminum secondary, which current is sub-
stantially in phase with the voltage. The
current coils are mounted on & magnetic frame
and the

assembled at right angles to each other with

current and voltage elements are

the one-turn voltage 1loop in the ailr gaps of
the current coll flux.path. The interaction
of the current and voltage fluxes produces
torque and rotates the loop in one of two dil-
rections, depending on the direction of power
flow.

An.Isolantite arm extends from the moving
loop and supports a rectangular silver contact
which bridges two statlonary contacts located
on the rilght of the 1loop. The stationary
contacts are sllver hemlspheres mounted on the
lower end of vertically-hanging spring leaves.
The contact separation 1s adjustable by a
small screw near the upper end of the rigld

statlonary contact supporting arm. One of

these supporting arm hangs parallel to each
of the two stationary contacts. The set screw
on +the lower end of this arm provides the

additional

serew on the movement frame beneath the cur-

contact follow adjustment. An

EFFECTIVE SEPTEMBER 1952
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CONNECTIONS TO DIRECTIONAL ELEMENT MAY BE OMITTED
FOR EXTENDED TESTS ONHZ ELEMENT, AND DIRECTIONAL ELE -
MENT CONTACTS BLOCKED CLOSED. DIRECTIONAL ELEMENT
CLOSES AT UNITY POWER FACTOR WITH CONNECTIONS SHOWN

Fig. 8—Diagram of Test Connections For The Type HZ-1
Relay In The Standard Case.

chassis. The chassis operated shorting switch
located behind
vents open circulting the current transformers
when the
closed.

the current test switch pre-

current type test swltches are
When the chassls 1s to be put back in

the case, the above procedure 1s to Dbe
followed in the reversed order. The
elongated red handle switch should not be

after <che chasslis has been
and all of the black handle

closed until
latched 1in place
switches closed.

Electrical Circuits

Each terminal 1in the
test switch to the
chassis

thru a
in the
Internal schematic
The relay terminal 1s 1dentified by
on both the insilde and outside

base connects
relay elements
as shown on the
diagrams.

numbers marked

of the base. The test gwitch positions are
identified Dby letters marked on the top and
bottom surrace of the moulded blocks. These

can be seen vwhen the chassis 1is re-

moved from the case.

letters

The potentlal and control circults thru the
relay are disconnected from the external cir-
cult by opening the assoclated test switches,

[N

Opening the current test switch short-circuits

the current transformer secondary and discon-

nects one side of the relay coll but leaves
the other side of the coil connected to the
external circuit thru the current test jack

This circuit
serting the

jaws. can be 1solated by in-
(vithout ex-

ternal connections), by inserting the ten cir-

current test plug

cult test plug, or by inserting a piece of in-
1/32"  thick
Jjaws. Both

sulating material
into the current test Jack
switches of the current test switch pailr must
be open when using the

approximately

current test plug or
Insulating material in this manner to short-

circuilt the current transformer secondary.

A cover operated switch can be supplied with
its contacts wired with the trip
This switch opens the trip circult
when the cover 1s removed. This switch can be
added to the existing type PFT
time.

in series
circuit.

cases at any

Testing

The relays can be tested
with the external circuits isolated
or out of the case as follows:

In service, 1n the
case but

Testing In Service

The ammeter test plug can be 1nserted in the

current test jaws after opening the knife-
blade switeh to check the current thru the
relay. This plug consists of two conducting
strips separated by an insulating strip. The

ammeter 1s connected to these strips by termi-
nal screws and the leads are carried out thru
holes in the back of the iInsulated handle.

Voltages between the potential cilrcuits can

be measured convenlently by clamping #2 clip

leads on the projecting c¢lip 1lead lug on the

contact jaw.

Testing In Case

With all blades in the full
the ten circuit
the contact
elements

open position,
test plug can be inserted in
Jaws. This connects the relay
to a set of binding posts and com-
circults from the

pletely 1solates the relay
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CONNECTIONS TO DIRECTIONAL ELEMENT MAY BE OMITTED
FOR EXTENDED TESTS ON WZ ELEMENT, AND DIRECTIONAL ELE-
MENT CONTACTS BLOCKED CLOSED. DIRECTIONAL ELEMENT
CLOSES AT UNITY POWER rACTOR WITH COWNECTIONS SRSW™M |

Fig. 9—Diagram of Test Connections For The Type HZ-1
Relay In The Type FT Case.

external connections by means of an insulating
test cir-
binding posts.

The external
connected to these
The plug is 1inserted in the
with the binding posts up and in the top test
switeh jaws with the binding posts down.

barrier on the plug.
cults are
bottom test jaws

test made to
the relay elements
stead of the

external test circuilt

The external circuits may be
by #2 test clip leads in-
When

to the current elements

test plug. connecting an

using clip leads, care should be taken to see
that the
that the relay is completely isolated from the

current test jack jaws are open so

external circuilts. Suggested means for iso-

lating thils circuilt are outlined above under

"Electrical Circuits™.

Testing Out Of Case

With the
relay elements may be
circult test plug or by #2 test clip leads as
described above. calibration is
made with the chasslis In the case and removing
from the

chassis removed from the base,

tested by using the ten
The factory
case will

the chassis change the

DU |

oo

A
8
¢
P
[ Jna
B 1
HZ-1 (C) HZ-1(8) H2- | (A)
2 | 2 ) 2 oo DZ )
NS 1 0 I o I ey
o |48 <) o 1] —-gc—sq = 0
z T e +344 L8 +844 —o—m&—
5 LIS (N I S N s S 6
£ TRIP | ] 1 1
1
a [ oH 15+ oH (ot A o
2 [ l ] REAR VIEW
&
a
& AUX. GURRENT TRANSFORMER
g g X 5 X & X
_ X X 3
= 11 T l 1
) — T
ABG
PHASE A PHAcSE &
2

I
VECTOR
ROTATION

*Fig. 10—External Connections of the Type HZ-1 Relay In
The Standard Case Using The Auxiliary Star-
Delta Current

calibration values by a small percentage. It
that the

position as a final check on calibration.

1s recommended relay be checked in

The relays should be mounted on switchboard
panels or thelr equivalent
from dirt,
heat.

In a location free

molsture, excessive vibration and
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

seml-flush type FT case. Either of the studs

or the mounting screws may be utilized ror
grounding the relay. The electrieal 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-asbestos or slate panel mounting. The

terminal studs may be easily removed or in-

serted by locking two nuts on the studs and

then turning the proper nut with a wrench.
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CONNECTIONS

Impedance Element

The Impedance to the Dbalance point 1s
measured from the point where the potentilal

transformers are connected.

In some applications a power transformer
bank forms part of the transmission line, and
potential transformers are avallable only on
the bus side of the bank. In this case the
relays may be set thru the bank to protect the
1ine only 1f the Dbank impedance 1s mnot too
large as compared with the line impedance. It
the bank impedance 1s too large 1n comparison
with the line impedancs, the 80 or 907 setting
of the impedance element may cover only a very
small percentage of the transmission line or
in some cases not cover any of the line
gsection. In order to use the potentlal trans-
formers on the bus side of the bank under this
condition, Type KX compensators are used and
the impedance measured from the line side of
the bank to the balance point. The type KX
compensators operate from the current trans-
formers and provide voltage compensatlion
equivalent to the drop in the power bank.

The above discussion assumes that power is
fed thru the bank to faults on the line.
Where a power transformer connects to a high
tension transmission line and does not supply
power to a line fault, low-tension potential
transformers may be used without compensation.
Then, the impedance to the Dbalance point 1s
measured from the point where the power bank
connects to the protected line.

The conventional star connection of current
transformer 1s not satlsfactory where accu-
rate distance relay protection 1s desired.
With thls connection the balance polnt of the
impedance element shifts about 157 depending
upon whether a pnase-to-phase, a three phase
or a double-ground fault is Involved. That
1s, if the balence polnt were adjusted at 80%
for a three phase fault, then for a double
ground fault the shift may be more or less
than plus or minus 15% of the 807 setting, de-
pending upon the ratio of the zero sequence

impedance to the negatlve sequence impedance

8

of the system from the source of power to the
fault. Thls error can be entirely eliminated
by meking use of the vector difference between
the 1line currents, (i.e., delta currcnts) for

actuating the relay.

The most common method 1s to connect the
main current transformers in star and use a
set of auxlliary 5/% ratio transformers to
supply delta current to the impedance element,
as shown in figure 8. These auxiliary trans-
formers need not be of very large volt-ampere
capacity, as they supply only the Impedance
colls which are of very low burden.

Directional Element

The directional element colls should be con-
nected to receive current that leads the vol-
tage by 60°, when the line power factor is
100%. The advantage of connecting the direc-
tional element in this manner is that for any-
thing except a three-phase fault the voltage
applied to the relay required to trip will be
equal to, or in excess of, the normal line-to-

neutral voltage.

The polarity of the current and the voltage
colls should be as indicated on the offilcial
internal and external wiring diagrams as
supplied by the manufacturer.

Trip Clrcult

The contactor switch operates on a minimum
of 1.0 ampere, but the trip clrcuit should
draw at least 4 or 5 amperes in order to
reduce the time of the operation of the switch
to a minimum and provide more positive opera-
tion. If the relay 1s wused to trip on aux-
iliary multi-contact relay, provision should
be made for loading down the trip circult with
a reslstor in parallel with the operating
colls of the auxiliary relay. Also, since the
total trip circult resistance in the relay 1is
approximately 3.8 ohms, care must be taken to
see that the breaker trip coll will receive
enough current when low voltage control 1is

used.

The main contacts on the impedance elements

and directional element will safely close 30
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amperes at 250 volts d-c., and the switch
contacts will safely carry this current long
enough to trip a breaker.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1Insure correct
operation of this relay have been made at the
faectory and should not be disturbed after
recelpt by the customer. If the adjustments
have been changed or the relay taken apart for
repairs, the following instructions should be
followed in reassembling and setting 1t.

All contacts should be periodically cleaned
with a fine file. S#1002110 file is recom-
mended for thls 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.

Impedance Element

Ret'er to tfigure L. Adjust the stop screw or
the rear of the beam to give a clearance of
.025 1nch between the beam and the voltage
iron circuit. With the beam in the reset po-
sition, 1.e., with the stop screw agaiust the
stop, adjust the vertical gap for .009 inches
between the adjustable 1iron and the Dbeam.
Care should be taken 1n this adjustment tc
keep the gap the same on both sides. Also,
with the beam in the same position adjust the
gap between the front end of the beam and the
stop 1n the upper core screw %o .020 inches.
The above values for the air gaps may be
obtained by means of feeler gauges. It should
be borne in mind, however, that the values
glven represent normal, Or average values.
The actual gaps on any particular relay may
vary a few thousandths from these values.

The beam should Dbe Dbalanced as follows.
Connect the relay with polaritles as shown in
the test diagram, figure 7. With any tap and
scale setting, check the impedance measured by
the relay wilth 35 volts potential restralnt.
Apply 5 volts restraint and adjust the balance
weight on the beam untll the beam just trips
with 1/7 of the current required to trip with
35 volts restraint. In the factory
ad justment, this is done at T = 20.8 and 3 =

1.4 for the 0.€ to €.0 ohm relay and at T =
13, S = 1.6 for the 0.2 to 2.0 ohm relay.

The stationary contacts should be adjusted
to give .015 inches clearance between them and
the silver bridge on the beam when the beam 1Is
in the vreset position. The bridge should be
made to touch both contacts simultaneously,
and deflect the contact springs at least .010
inch before the beam strikes the bronze stop

on the cores screw.

A good method of adjusting the contacts
consists 1In first adjusting one of the
contacts to the correct gap and then applying
just sufficient current to trip the Dbeanm
agalinst a restraint of about 5 volts. While
the beam is in thls position, that 1is, lightly
pressing on the one contact, the other contact
should be slowly adjusted upward by means of
the set screw until it just touches the silver
bridge without 1ifting it off the other
contact. The trip circuit should be energized
so that the 1lighting of a lamp or the
tripping of an auxlliary relay will show when
both contacts are made.

Directlonal Element

Check the free movement of the directional
element loop with the relay in a vertical po-
sition to see that 1t 1s free from friction
and properly centered. The loop should assume
a vertlcal positlon with the contacts open
when the element 1s completely de-energlzed.

With the loop 1n the vertical poslition ad-
just the statlonary contacts for .020 inch
separation from the vertlcal moving contact.
Adjust the contact back stop screw to just
touch the statlonary contacts, then Dback off
1/2 of a turn to glve correct contact follow.
Adjust the stop screw which limlts the move-
ment of the loop to the left (this screw 1is
located at the rear of the current coll) so
that the loop just strlkes thls stop when de-
energized.

Too much follow on the directional contants
should be avoided 1n order to allow the direc-
tional element to reset fast enough by gravity

9
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to properly coordlnate with the high speed 1im-

pedance element.

Energize the loop with normal potential long
enough to bring it up to temperature (about
10 or 15 minutes) and adjust the
screws so there 1s about .010 inch end play.
See that the 1loop does not bind or strike

against the iron or colil when pressed against

bearing

either end jewel.

The minimum pick-up of the element is 10
amperes at 2.0 volts (unity power factor }.
Apply these values to tne eiement and see that
the contacts make good contact in the correct
direction. Reverse the direction of current

to see that the contacts open.

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 entlre absence of current.
At voltages high enough to make thils torque
discernible, 1t will be found that only a
fraction of an ampere in the current colls
will produce wattmeter torque to insure po-
sitive action. This 1s mentioned because the
slight torque shown on voltage alone has no
significance 1n actual service and has no
practical effect on the directional element

operation.

Check the coordination of the directional
and 1mpedance contacts as follows. Set the
impedance element on the maximum tap and scale
setting. Connect the relay with the correct
polarlity, as shown 1n test diagram, figure 7.
Apply 115 volts a-c. to the 1impedance and
directional element potential coils and pass 5
amperes at unity power factor thru the current
clrcuit. Check trip circult to see that it is
not completed when the voltage on the
Impedance and directlonal elements 1s suddenly
applied or interrupted. Do not interrupt the
current clrcult. Make several such tests.
The trip circuit should draw about 5 amperes
d-c. for thils test so that the contactor
switeh wi1lll pick up and seal in 1if the ele-
ments fail to coordinate. Thls coordination
test has been described for the most severe

condltlons. Consequently, an occaslional

10

fallure to coordinate may be tolerated, since,
in service, the directlonal element willl be
resetting under the posltilve actlon of reverse
power flow rather than under the 1influence of
gravity alone, as described iIn thils test. If
proper coordination is not obtained, it may be
necessary to reduce the follow on the direc-
tional or 1lmpedance element contacts, as the
case may be.

Contactor Switch

Adjust the stationary core of the switch for
a clearance between the stationary core and
the moving core of 1/64" when the switch 1s
plicked up. This can be done by turning the
relay up-side-down or by disconnecting the
switch and turning 1t up-side-down. Then
screw up the core screw untll the moving core
starts rotating. Now, back off the core screw
until the moving core stops rotating. This
indilcates the point where the play in the
assembly 1s taken up, and where the moving
core Jjust separates from the stationary core
screw. Back off the core screw approximately
one turn and lock 1n place. This prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the contact clearance for 3/32" by
means of the two small nuts on elther silde of
the Micarta disc. The switch should pick up
at 1 ampere d-c. Test for sticking after 30
amperes d-c. have been passed through the
coil.

Operation Indicator

Adjust the indicator to operate at 1.0
ampere d-c. gradually applied. Test for
sticking after 30 amperes d-c. are passed thru
the coil.

Calibration of Impedance Elements

The current required to operate the 1lmpe-
dance elements against any given voltage is
obtained from the equation:

10 E

TS = (3)
where T 1s the current tap and S 1s the
setting of the callbrated core screw, E and I
are the voltage and current respectively

J
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applied to the relay. Thus, if the setting is
T = 20.8, S = 1.4 and the voltage 1s 35 volts,
then the current required at 60° lagging Is:

_1C E _ 10 x 35 _
T-fog T3y - 12 emweres

When checking the calibration, it 1s es-

sential that the polarity be as glven 1n fig-
ure 7, otherwlse an error wlll be Introduced.

Figure 4 shows the variation of tripping
current for a given voltage as the phase angle
petween current and voltage 1is varied. To
make sure that the relay 1s operating at 60°
lag and not 24%0°
reversed and the beam should operate on a

the current leads can De
smaller current 1f the connections were
originally correct.

Figure 3 shows the general shape of the im-
pedance curve for different ohm settings.
These curves are obtained by tripping the beam
against different voltages for a constant T
and S setting and tnen plotting the ratio E/I
in per cent of the 35 volt calibrating imped-
ance against the voltage. The lower voltage
points (5 to 15 volts) are
affected by the mechanical balance of the
beam while the higher points are but little

considerably

influenced.

Accurate time tests on the instantaneous
element and dilrectlonal element can only be
taken with the a1d of an osclllograph or high
speed timer.

Figure 6 shows the time of operation in
syeles (60 cycles per second basis) of the
first 1mpedance element for various balance
points. By using these curves the operating
speed of the HZ element can be determined for
any value of current and voltage applied to

the element.

CAUTION Mske certain that the stops on the
rear and front of the Dbeam are absolutely
¢lean, otherwise the impedance at which the
beam trips may be affected, particularly at
low voltages. The stop can D¢ easily cleaned
by drawing a plece of clean white paper be-
tween the beam and the stop while the beam 1s

firmiy pressed down.
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Fig. 11—External Connections of the Type HZ-1 Relay In
The Type FT Case Using The Auxiliary Star-
Delta Current Transformer.

Also, when checking the impedance element at
low voltage, observe the tripping of the beam
instead of an indication in the trip circuit.
This will prevent an error in the contact ad-
justment which might otherwlse affect the bHeam
calibration.

RENEWAL PARTS

Repalr work can be done most satisfactorlly
at the Cfactory. However, Iinterchangeable
parts can be furnished fto the customers whc
are equipped for doing repair work. When
ordering parts, always glve the complste

nameplate data.

ENERGY REQUIREMENTS

The 60 cycle burden of the verlous clroulte

of this relay are as follows:

11
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POTENTIAL CIRCUITS AT 115 VOLTS

Circuit V.A. P.FP.Angle
Impedance Element 2.0 20° lag
Directional Element 3.7 20° lag

CURRENT CIRCUITS

Circuilt Tap Amps. V.A.P.F.Angle

Impedance Element 4e 8.66 6 4o
13.5 8.66 1.3 22

Directional Element 5. 1.1 4o°

Auxiliary

Star-Delta 5Y/8.66 5 3.5 10°

C.T. S#87912
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INSTALLATION o

INSTRUCTIONS

I. L. 41-416E

OPERATION ¢ MAINTENANCE

TYPE HZ-1 IMPEDANCE RELAY

CAUTION
into service, remove all blocking which may

Before putting protective relays

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 connections.
APPLICATION

The type HZ-1 relay is a single element high
speed 1impedance relay with an 1mpedance ele-
ment of the balanced beam type and a high
speed directional element. The relay is used
for directional phase fault protectlon over 80
to 90% of the transmission 1line section and
supplements the existing slow speed relays
which protect the remaining 20 to 104  and
provide back up protection.

CONSTRUCTION

The type HZ-1 Relay contains an instantan-
eous impedance element, a directional element,

a contactor switch, and an operation indicator

# mounted 1in the standard cases of filgures 12,

13 and 14%. The elements are constructed as
follows:

Impedance Element

Construction detalls of this element are
ghown in figure 1. A palanced beam is pulled
downward on the contact end by a current coll
and on the other end by two voltage colils.
The fluxes of these 1two potential colls are
shifted out of phase with respect to each
other to produce a steady pull so that practi-
cally a constant palance can be obtalned
regardless of the phase angle between the cur-
rent and voltage coll fluxes. A tap screw on
the front of the element permits changing the
number of turns on the current coil, and a
core screw on the bottom of the element

changes an alr gap in the magnetic path.

SUPERSEDES IL. 41-416D

%Denotes change from superseded issue.

*

These two adjustments make it posslble to set

the element.

A rectangular sllver contact 1s flexibly
fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
statlonary hemispherical contacts mounted on
A small

set screw determines the position of the leaf

the free end of a short leaf spring.

spring and provides means for adjusting the

contact gap.

Directional Element Single Loop

The voltage coil 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 line. This loop carries a
current which 1s proportional to and sub-
stantially in phase with the voltage applied
to the primary winding. The pivoted loop has
a portion of 1its length lying in a magnetic
field established by the current colls of the
directional element. The interaction of the
current in the lcop with the flux established
by the current colls produces torque which ro-
tates the lcop in one of two directions, de-
pending upon the phase angle relationship be-
tween the applied current and the applied
voltage

An Isolantite arm extends from the moving
loop and supports a rectangular silver contact
which bridges two stationary contacts located
on the rilght of the 1loop. The stationary
contacts are sllver hemlspheres mounted on the
lower end of vertically-hanging spring leaves.
The econtact separation 1is ad justable by a
small screw near the upper end 6f the rigid
stationary contact supporting arm. One of
these supporting arms hangs parallel to each
of the two stationary contacts. The set screw
on the 1lower end of this arm provides the

EFFECTIVE FEBRUARY 1954
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Fig. 1—Sectional View Of The Impedance Element.

additional
screw on the movement frame beneath the cur-

contact follow adjustment. An

rent coll iron 1limits the movement of the
one-turn loop to the left.

Contactor Switch

This 1is a small solenoid type d.c. switch.
A cylindrical plunger with a silver disec
mounted on its lower end moves in the core of
the solenoid. As the plunger travels upward
the disc bridges three silver stationary

contacts.

Operation Indicator

The operation indicator is a small solenoid
coll connected In the trip circuit. When the
coll is energized, a spring restralned arma-—
ture releases the white target which falls by
gravity to show the completion of the trip
circult. The high speed action of the indi-
cator 1s obtained by fastening a welght
through a leaf spring to the armature. The
added inertia causes the armature to continue
its motion after the coil has been short-cir-
cuited. The indicator 1is reset from outside

the case by a push rod in the cover or cover

stud.
OPERATION

The relay measures the impedance of the line
to which 1t 1s connected by measuring the
ratio of the current and voltage supplied to

it. The relay is connected to recelve a cur-

rent and
existing on the high-tension 1line. With a
fault 1in the =zone of the relay, a given

voltage proportional to those

amount of current, I, wlll flow from the relay

locatlon to the fault. With =zero voltage

OPERATION INDICATOR CONTACTOR SWITCH

TRIP CIRCUIT INTER-
R N A

- IMPEDANCE ELEMENT

CONDENSER — f z

D
® o)
tOIRECTIONAL
ELEMENT
D,
& A

REAR VIEW

WITH RELATIVE INSTANTANEOUS POLARITIES AS SHOWN ,
THE DIRECTIONAL CONTACTS CLOSE, AND THE IMPEDANCE

ELEMENT 1S CORRECT.
78-D-38

Fig. 2—Internal Wiring Diagram Of The Type HZ-1 Relay.

existing at the fault, the voltage at the
relay must be equal to the drop in the 1line
due to the current, I, or equal to IZ whers Z
1s the impedance to neutral of the 1line from
the relay to the point of fault. The ratio of
the two values 1s IZ/I = Z. Thus, the ratilo
is constant for any value of current as the

voltage on the relay 1s equal to the current

times +the line impedance. Therefore, the

impedance element 1s adjusted by the core
screw and taps on the current coll for a value
of current such that the pull of the current
coll is just egual to the potential restraint
for a fault at 80 to 907 of the 1line section.
the beam will be balanced for a fault at that
point for any value of current. Now, 1if the
fault occurs beyond this balance point, the
beam will not trip as the voltage pull is the
greater due to a large amount of impedance and
correspondingly larger potential restraint
than the beam 1s balanced for.

The directional element contacts are in
series with the impedance contacts so that the
fault current must be flowlng away from the
bus on the 1line being protected before the
The coil of the contactor
switeh 1s connected in the trip circuit. When

relay can operate.

the relay contacts close, the coil 1s ener-
gized and its contacts short around the relay
contacts, relieving them of the duty of
carrying the breaker tripping current. These
contacts remaln closed until the trip circuit
is opened by a breaker auxillary switch. The
third contact of the contactor switch is con-
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nected to a separate relay terminal to operate

an alarm cilrcuilt. The operation 1ndicator

shows a white target when the trip cireuit 1is

completed.
The operation of the Impedance element 1is
not dependent on the operation of the

it 1s not
Directional control

directional eiement, that 1g,
directionally controlled.
is unnecessary because the lmpedance
is sgo fast 1n operation that 1t will open

contacts before the directlonal contacts can
close (as on a reversal of power flow after a
Likewise,

always open

fault has been cleared elsewhere).
the directlonal
before the impedance contacts can close.

contacts will

CHARACTERISTICS

The relay 1s available 1in two impedance
ranges: 0.6 to 6.0 ohms and 0.2 to 2.0 ohms.
The difference 1in the two
the current colls of the 1lmpedance element and

ranges 1s in
the corresponding tap markings. The tap and
scale markings are as follows:

0.6 to 6.9 Ohm Relay

Taps - 6.2, 9.4, 13.5, 20.8, 29.8, 45

Core Serew Marking - .8, .9, 1.0, 1.2, 1.4
0.2 to 2.0 Ohm Relay

Taps - 2, 3, 4, 6, 9, 13

Core Screw Marking - .8, .9, 1.0, 1.2, 1.4,

1.6

SETTINGS

The type HZ-1 relay requires a setting for

the impedance element. The following nomen-

clature will be used:

7 = the line-to-neutral ohmlc
the protected line from the relay to the
80 or 90% balance point.

impedance of

R.= The current transformer ratlo

Ry= The potential transformer ratio

T = The impedance element current tap value
S = The 1mpedance elemernt current core screv

The values a gerles

drum of the

value.
of dots on the
screw adjusting knob.

appear as

lower core

elememb:

of the voltage circuit

times, the
ad justed by
current coil. This

Since the impedance
of the
balance

relay 1s the same at all
point of the

the pull on the
by taps (T)

and by the core

element 1s
changing
current coll
(s) which
alr gap for the current

is done on the

winding, screw
varles the magnetic

flux.

The most satisfactory method of arriving at
the tap setting 1s by the use of the following

formulas:

For Impedance Elements Recelving Delta Current

Use.

102 R

—C (1)

v

For Impeaance Element Recelving Star Current

Use:
17.3 Z Rc

Ry

TS =

The tap, T, 1s obtained by dilviding the TS
product by S to give an available tep .umber.
When changing teps, the extra tap screw should
be screwed in the desired tap before removing
the existing tap

screw to prevent open clr-

cuiting the current transformers.

The numbers on the core screw appear 1n as-

cending order as the core screw i1s screwed

In some cases, a question of
whether the
is out by one full

into the core.
scale setting 1s
turn of the
the point may be

doubt may arilse
correct, or
core screw. In such a case,
verified by turning the core screwv all the way
in. Then back out the

highest scale marking just comes under the end

core screw untll the

Thils will
To prevent such doubt it 1s

ot the pointer. occur 1in approxi-

mately one turn.
recommended that the core screw setting be
made by thus locatling the highest scale
marking and then continuing to back it off
until the desired
the end of the pointer.

be made by Iinterpolating between

value appears exactly under
Sufficlently accurate
setting can
the marked points when necesgsary.
formulae

The above are bas=sd on the relay

being wused on a 60° 1line and is correct for

1ines of that angle. For llnes other than €0°

a slight error 1s introduced which may be as

3
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much as 8% and 64 on 40° and 80° lines re-
spectively. However, +the formula relay
setting can be corrected for lines other than
60° by using the curve of figure 4. The scale
reading should be decreased so that the cur-
rent to trip the beam at the 1line angle is

equal to the current to trip on a 60° 1line.

sufficiently
Where 1t is
desired to set the balance point more accu-

The formulae settings are

accurate for most installations.

rately the tap and scale values may be checked
by applying to the relay the voltage, current,
and phase angle conditions which will be
Impressed on 1t for a fault at the desired
balance point. A slight change in the scale
value from that calculated may be required.

As an example of the formula setting, set
the 1mpedance element to protect a 60°, 110
kv., 60 cycle line, 75 miles long. The line-
to-neutral 1mpedance 1s .75 ohms per mile.
The current transformer ratio is 400/5, and
the potential transformer ratlio is 1000/1.
The impedance element 1s to protect 90% of the
line section or for a balance point .90 x 75
X .75 = 50.6 ohms away. Then

10 0. 80
7 - L2 X506 x8 .

1000
Set tap = 29.8 and core screw = 1.36 on a
0.6 to 6.0 ohm relay.

RELAYS IN TYPE FT CASE

The type FT cases are dust -proof enclosures
combining relay elements and knife-blade test
This combilnation
provides a compact flexible assembly easy to

switches 1n the same case.

malntain, inspect, test and adjust. There are
three maln units of the type FT case:the case,
cover and chassis. The case 1s an all welded
steel housing contalning the hinge half of the
knife-blade test switches and the terminals
for external connections. The cover is g
drawn steel frame with a clear window which
fits over the front of the case with the
swlteches closed. The chassis 1s a frame that
supports the relay elements and the contact
Jaw half of the test switches. This slides In
and out of the case. The electrical con-

nections between the base and chassis are com-

4
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HTH RECATIVE INSTANTANEOYS PoLARITIES AS SHown, THE
MPEDANCE ELEMENT IS CorRECT & THE Dirrcrionar ConTacrs (tose.

9-D-8038

Fig. 3—Internal Schematic Diagram of the Type HZ-1 Relay.

pleted 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 §
size case and four on the L and M size cases.
Thls exposes the relay elements and all the
test switches for Inspection and testing. The
next step is to open the test 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 remaining switches. The order of
opening the remalning swiltches i1is not im-
portant. 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 action 1latch arms and pull
outward. This releases the chassis from the
case. Using the 1latch arms as handles, pull
the chassis out of the case. The chassis can
be set on a test bench in a normal upright
poslition as well as on 1ts top, back or sides

for easy 1nspection, maintenance and test.

After removing the chassls a duplicate
chassis may be inserted in the case or the
blade portion of the switches can be closed
and the cover put 1n place without the

4

s



L. 41-416E

‘Juswa[g @oup

-podwi] @Y] 10§ seain) uoyniadQ JO 2w} PAdAL —4 b

Juswayg eouppadwy oY] 10 dAInD) 19S9Y podAl—q "b1g

19iS1) ANI¥END  M3¥IS YOI dvs

Qo8 6.0}

cov 002

of

1S4 mw SINTVA LNIOd 3ONYIVE
s et AR

06

il 1SS
i 1 :#
N IR AR
J B e A T

R BREA BT F Ut

o wm £ W w N
£ o £ N - £

L ~ v o o - o

RS SN S

(3S¥8 STIIAD 09) SLIVLINGD 3507 DL $31)0

{ ,09 39VLI0A 9N190¥T LNIYUND) LNIYHLSIY 3I0¥WLT0.-

ozl 09 Ot oz e}
™ o)
s :

1

11

+k

H

;,

11

oy

gt 1!

- i

wjﬁ H.

Res 3

RS 59

11

” W u‘,,‘w ) H mﬁ 4+ wwN ” ] ] ,w %

asagEpeassEaRyRssaRY

1N3HYAD ONIddIEl 40 LN3D¥3d

Juawt

-o14 @dsunpeduwy] Y], JO dAIMD s[buy esoyq [padAl—¢ b1y

ueu
-a[g eouppaduy 8y] 104 @A) dduppadur] odAp —p "Big

TYPE HZ-1 IMPEDANCE RELAY.

J9YL70A HNIDOYT INI¥YNI - $33¥B30

o8l o2l 08

INEE SN

EEEaREnt

!
i

O

N3¥¥ND ONiddI¥L ,09 40 INIDYId

ol0]]

{ ,09 IDYLIOA BNIDOVT INIYEND) INIVHLSIN 39VLT0A

(or4 0.0/ 08 oS ov
T T T
A
il e i
A B T e e T
#Wm @mmﬁ+ LH b 1 o
e
i
e
jamuoes HHERH :m,oo_
ﬂw; ﬁ | mmw 1

ERLIJERLTRSLERYED]




TYPE HZ-1 IMPEDANCE RELAY

3 PHASE II6V. PHASE ROTATION A,B,C. B
e
¢ C
AMMETER 6
WATTMETER OR (/ Sw
PHASE ANGLE METER
o
(]
PHASE 3
SHIETER €5t
o ; .
b I ,
FAMMETER
HZIRELAY
_REAR ViEw
2 . Dz
L %
4 c5
¢ o5
s, Z 7
0 .2
/ (\]ID z, DIR.
L POTENTIOMETER
CONNECTIONS TO DIRECTIONAL ELEMENT MAY BE OMITTED
FOR EXTENDED TESTS ONHZ ELEMENT, AND DIREC TIOMAL ELE -
MENT CONTACTS BLOCKED CLOSED. DIRECTIONAL ELEMENT
CLOSES AT UNITY POWER FACTOR WITH CONNECTIONS SHOWN
2-D-1H32

Fig. 8—Diagram of Test Connections For The Type HZ-1
Relay In The Standard Case.

chassis. The chassis operated shorting switch
located behind the current test switch pre-
vents open clrcuiting the current transformers
when the current type test switches are
closed. When the chassis 1s to be put back in
the case, the above
followed in the

elongated red handle switch should not be

procedure 1is to be
reversed order. The

closed wuntil after <the chassls has been
latched in place and all of the black handle

swltches closed.

Electrical Circuits

Each terminal 1n the base connects thru a
test switch to the relay elements 1n the
chassis as shown on the internal schematic
dlagrams. The relay terminal is identified by
numbers marked on both the inside and outside
of the base. The test switch positions are
identifled by letters marked on the top and
bottom surrace of the moulded blocks. These
letters can be seen when the chassis 1s re-
moved from the case,

The potentilal and control circuits thru the
relay are digconnected from the external cir-
cult by opening the associated test switches,

6

Opening the current test switch short-circults
the current transformer secondary and discon-
nects one side of the relay coil but 1leaves
the other side of the coll connected to the
external circult thru the current test jack
Jjaws. Thls circult can be isolated by in-
serting the current test plug (without ex-
ternal connections), by inserting the ten cir-
cuit test plug, or by inserting a piece of in-
sulating material approximately 1/32" thick
into the current test jack jaws. Both
switches of the current test switch pair must
be open when using the current test plug or
insulating material in this manner to short-

circult the current transformer gecondary.

A cover operated switch can be supplied with
1ts contacts wired in series with the trip
circuit. This switch opens the trip cireuit
when the cover 1s removed. This switch can be
added to the exlsting type PFT cases at any
time.

Testing

The relays can be tested 1in service, 1n the
case but with the external circults 1solated
or out of the case as follows:

Testing In Service

The ammeter test plug can be inserted in the
current test jaws after opening the knife-
blade swltch to check the current thru the
relay. This plug consists of two conducting
strips separated by an insulating strip. The
ammeter 1s connected to these strips by termi-
nal screws and the leads are carried out thru
holes in the back of the insulated handle.

Voltages between the potential eircuits can
be measured convenlently by clamping #2 clip
leads on the projecting clip lead lug on the
contact jaw.

Testing In Case

With all blades in the full open position,
the ten circuit test plug can be inserted in
the contact jaws. This connects the relay
elements to a set of binding posts and com-

pletely 1solates the relay circults from the

e
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Fig. 9—Diagram of Test Connections For The Type HZl
Relay In The Type FT Case.

external connectlons by means of an insulating
The external test cir-
connected to these
The plug 1s lnserted in the

with the binding posts up and in the top test

switch jaws with the binding posts down.

parrier on the plug.
cults are binding posts.

bottom test jaws

test made to
the relay elements
stead of the

external test circult

circults may be
by #2 test clip leads in-
When
to the current elements

The external

test plug. connecting an
using
that the
that the relay 1s completely 1solated from the

clip leads, care should be taken to see

current test jack jaws are open S0

external circults. Suggested means for iso-
lating this circuit are
"glectrical Circults”.

outlined above under

Testing Out Of Case

With the
relay elements may be
circult test plug or by #2 test cllip leads as
described above. calibration 1s
made with the chassls in the case and removing

chassls removed from the base,

tested by using the ten

The factory

the chassis from the case will change the

oo»
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Fig. 10—External Connections of the Type HZ1 Relay In
The Standard Case Using The Auxiliary Star-
Delta Current

calibration
is recommended that the

values by a small percentage. It
relay be checked in
position as a final check on calibration.

The relays should be mounted on switchboard
panels or thelr equivalent
from dirt,
heat.
the two mounting

in a location free
molsture, excessive vibration and
Mount the relay vertically by means of
studs for the standard cases
and the type FT projectlon case or by means of
the four mounting holes on the flange for the

Either of the studs
utilized for
electrical con-
direct to the
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for

ebony-asbestos

seml-flush type FT case.

or the mounting screws may be

grounding the relay. The

nections may be made terminals

or slate panel mounting. The

terminal studs may be easlly removed or in-

serted by locking two nuts on the studs and

then turning the proper nut with a wrench.
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CONNECTIONS

Impedance Element

The to the
measured from the point

impedance balance point is

where the potential
transformers are connected.
In a power transformer

some applications

bank forms part of the transmission 1line, and
potentlal transformers are available only on
the bus side of the bank. 1In the
relays may be set thru the bank to protect the
line only if the 1s

large as compared with the line impedance.

this case

not too
Iifr
1s too large in comparison
the 80 or 90% setting
of the impedance element may cover only a very

bank impedance

the bank impedance
with the line impedance,

small percentage of the transmission line or
in some cases not cover any of the line
section. In order to use the potential trans-

formers on the bus side of the bank under this

condition, Type KX compensators are used and
line siae of
The type KX

current trans-

the impedance measured from the
the bank to the

operate from the

balance point.
compensators
formers and provide
equlvalent to the drop in the power bank.

voltage compensation

assumes that
faults
connects to a high

The above discussion power 1s
fed thru the bank to
Where a power transformer

tension

on the 1line.

transmission line and does not supply

power to a line fault, low-tension potential
transformers may be used without compensation.
to the balance poinc 1s

measured from the point where the

Then, the impedance
power bank
connects to the protected line.

The conventlional star connection of current
satisfactory where
rate distance 1s deslred.
With this connection the balance polnt of the
impedance element shifts about 15% depending

whether

double-ground fault 1s
if the balance
phase fault,
ground fault the
than plus or minus 15% of the 807 setting, de-
the ratlo of the
to the negative

transformer 1s not accu-

relay protection

a pnase-to-phase, a three phase
That
point were adjusted at 80%
double

more or less

upon
or a involved.
1s,
then for a

for a three

shift may be
pending upon zero sequen~e

lmpedance sequence lImpedance

8

of the system
fault.
by making use of the vector difference between
the
actuating the relay.

from the source of power to the

This error can be entirely eliminated

line currents, (i.e., deltsa currents) for

The

main

most is to
current transformers in
of auxiliary 5/5

supply delta current to the impedance element,

common method connect the

star and use a

set ratio transformers to

% as shown in figure 11. These auxiliary trans-
formers need not be of very large volt-ampere

capacity, as they supply only the

colls which are of very low burden.

Impedance

Directlonal Element

The directional element colls should be con-
that leads the vol-
the line power factor is

nected to receive current
tage by 60°,
100%. The
tional element in this manner 1s that for any-
thing except a three-phase fault the voltage
applied to the relay required to trip will be
equal to, or in excess of, the normal line-to-

when
advantage of connecting the direc-

neutral voltage.

The polarity
colls should be
and

of' the current and the voltage
as indicated on the official
external vwiring dilagrams

internal as

supplied by the manufacturer.

Trip Circuit
bt Attt

The contactor switch operates on a minimum
of 1.0 ampere, but the trip ecircuilt should
draw at 1least 4 or 5 amperss in order to

reduce the time of the operation of the switch
to a minirum and provide more
If the relay 1s
iliary multi-contact relay,

positive opera-

tion. used to trip on aux-
should
be made for loading down the trip circult with
with the

Also,

total trip clrcuit resistance in the

provision

& resistor in parallel operating

colls of the auxillary relay. since the
relay 1is
¥ approximately 1.0 ohms,
that the

enough

care rust be taken to

see breaker trip coil will receive

current vwhen low voltage control 1s

used.

impedance elements
30

The mailn contacts on the

and directlional element will safely close




TYPE HZ-1 IMPEDANCE RELAY

L. 41-416E

at 250 volts
contacts will

d-c., and the
safely carry thils

switch

current long

amperes
enough to trip a breaker.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1nsure correct
operatlon of this
should not be

receipt by the customer.

relay have been made at the
disturbed
If the adjustments

have been changed or the relay taken apart for

factory and after

repairs, the following instructions should be

followed in reassembling and setting it.

A1l contacts should be periodically cleaned
with file. S#1002110 file 1is recom-

mended for this purpose.

a fine
The use of abrasive
ig not recom-

material for cleaning contacts

mended, because of the danger of embedding
small particles in the face of the soft slilver

and thus impairing the contact.

Impedance Element

Reter to tigure L. Adjust the stop screw on
the rear of the
.025 inch petween the beam and the voltage
iron clrecult. With the beam in the reset po-
gition, 1.e., with the stop screv against the

stop, adjust the vertlcal gap for .009 inches

beam to gilve a cilearance of

iron and the beam.
in this adjustment tc
on both Also,

same position adjust the

petween the adjustable
should be

the same

Care taken
keep the gap

with the beam 1in the

sides.

gap between the front end of the beam and the

stop 1n the upper core screw to .020 inches.
The above values for the air gaps may be
obtained by means of feeler gauges. It should

however, that the values

be Dborne 1in mind,
glven normal, or average values.
The actual gaps on any particular relay may

vary a few thousandths from these values.

represent

The ©beam should be balanced as follows.
Connect the relay with polaritles as shown in
% the test dlagram, figure 8.
scale setting, check the lmpedance measured by
the relay with 35 volts potential
Apply 5 volts restraint and ad just the balance
welght

with 1/7
35 volts

ad justment,

With any tap and

restraint.

on the beam until the beam just trips

of the current required to trip with
restraint. In the
this 1s done at T = 20.8 and 8 =

factory

1.4 for the 0.€ to €.0 ohm relay and at T =
1%, 8 = 1.€ for the 0.2 to 2.0 ohm relay.

The stationary contacts should be adjusted
to give .015 1inches clearance between them and
the silver bridge on the beam when the beam is
in the
made to touch Dboth contacts
and deflect the
inch

on the cores screwv.

reset positlion. The bridge should be
simultaneously,
contact springs at least .010
before the beam strikes the bronze stop

A good method of the contacts
first

contacts to the correct gap and then

ad justing
one of the
applying
trip the beam
against a restraint of gbout 5 volts. While
the beam is 1in thils position, that is, lightly
pressing on the one contact, the other contact
should be
the set screw until 1t just touches the silver
bridge without 1ifting it off the
contact. The trip circult should be energlzed
so that the 1lighting
tripping of an auxlillary

conslists 1in ad justing

current to

just suffilcient

slowly adjusted upward by means of

other

of a lamp or the

relay will show when
both c¢ontacts are made.

Directlonal Element

Check the free movement of the directional
element loop with the relay 1n a vertlcal po-
sition to see that 1t 1is free from friction
and properly centered.
position with the contacts

when the element 1s completely de-energlzed.

The loop should assume

a vertlecal open

With the loop 1n the vertical position ad-
just the statlonary for .020 inch
separation from the vertical moving contact.
Ad just the stop screw to Jjust
the stationary contacts, then back off

contacts

contact back
touch
1/2 of a turn to glve correct contact follow.
Adjust the stop screw which 1imits the move-
ment of the loop to the left (this screw is
located at the rear of the current coil) so
that the loop just strikes this stop when de-
energlzed.

Too much follow on the directional contacts
should be avoided in order to allow the direc-

tional element to reset fast enough by gravity

9
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to properly coordinate with the high speed im-
pedance element.

Energize the loop with normal potential long
enough to bring it up to temperature (about
10 or 15 minutes) and adjust the
screws so there 1s about .010 inch end play.

bearing

See that the 1loop does not bind or strike
agalnst the 1ron or coll when pressed against
either end jewel.

The minimum pick-up of the element is 10
amperes at 2.0 volts (unity power factor ).
Apply these values to the element and see that
the contacts make good contact in the correct
direction. Reverse the direction of current

to see that the contacts open.

When the directional element 1s energized on
voltage alone, there may be a small torgue
which may hold contacts either open or closed.
This torque is 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
fraction of an ampere in the current coils
wlll produce wattmeter torque to insure po-
gitive action. This is mentioned because the
slight torque shown on voltage alone has no
significance 1n actual service and has no
practical effect on the directional element
operation.

Check the coordination of the directional
Set the
impedance element on the maximum tap and scale

and impedance contacts as follows.

setting. Connect the relay with the correct
polarity, as shown 1In test dlagram, figure 7.
Apply 115 volts a-c. to the lmpedance and
directional element potential coils and pass 5
amperes at unlty power factor thru the current
circult. Check trip circuit to see that it is
when the
impedance and directional elements is suddenly

not completed voltage on the

applied or interrupted. Do not interrupt the
current clrecuilt. Make several such tests.
The trip circuit should draw about 5 amperes
d-c. for thils test so that the contactor

switch will pick up and seal in if the ele-
ments fail to coordinate. This coordination
test has been described for the most severe

conditions. occaslional

10

Consequently, an

failure to coordinate may be tolerated, since,
in service, the directional element willl be
resetting under the positive action of reverse
power flow rather than under the influence of
gravity alone, as described in this test. If
proper coordination is not obtained, it may be
necessary to reduce the follow on the direc-
tional or impedance element contacts, as the
case may be.

Contactor Switch

Adjust the stationary core of the switch for
a clearance between the statlonary core and
the moving core of 1/64" when the switch 1is
picked up. This can be done by turning the
relay up-side-down or by disconnecting the
switech and turning i1t wup-side-down. Then
screw up the core screw untll the moving core
starts rotating. Now, back off the core screw
until the moving core stops rotating. This
indicates the point where the play in the
agssembly 1s taken wup, and where the moving
core just separates from the stationary core
gcrew. Back off the core screw approximately
one turn and lock in place. This prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the contact clearance for 3/32" by
means of the two small nuts on either side of
the Micarta disc. The switch should pick up
at 1 ampere d-c. Test for sticking after 30
amperes d-c. have been passed through the
coll.

Operation Indicator

Adjust the 1indlcator to operate at 1.0
ampere d-c. gradually applied. Test for
stlcking after 30 amperes d-c. are passed thru
the coil.

Calibration of Impedance Elements

The current required to operate the impe -
dance elements against any given voltage 1s
obtained from the equation:

10 E

TS =— (3)
where T 1s the current tap and S 1is the
setting of the calibrated core screw, E and I

are the voltage and current respectively

)
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%*

*

applied to the relay. Thus, if the setting 1s
T = 20.8, $ = 1.4 and the voltage is 35 volts,

then the current requlred at 60° lagging is:
10 E

I = — 10 x = _
TS L 55H2 .y = 12 amperes
When checking the calibration, 1t 1s es-
sential that the polarity be as given in fig-

ure 8, otherwlse an error will be introduced.

Figure 5 shows the variation of trippling

current for a given voltage as the phase angle

between current and voltage 1is varied. To

make sure that the relay is operating at 60°

lag and not 240°, the current leads can be
reversed and the beam should operate on a
smaller current 1f the connectlons were

originally correct.

Figure 4 shows the general shape of the im-
different ohm

These curves are obtained by tripping the beam

pedance curve for settings.

against different voltages for a constant T
and S setting and then plotting the ratio E/T
in per cent of the 35 volt calibrating imped-
ance against The lower voltage
points (5 to 15

affected by the

the voltage.

volts) are considerably

mechanical balance of the

beam while the higher points are but little
influenced.
Accurate time tests on the instantaneous

element and directional element can
taken with the

speed timer.

only be
ald of an oscillograph or high

Figure 7 shows the time of operation in

the

various balance

cycles (60 cycles per second bhasis) of
first

points.

impedance element for

By using these curves the operating

speed of the HZ element can e determined for

any value of current and voltage applied to

the element.

CAUTION Make certain that the stops on the
rear and front of the beam are absolutely
clean, otherwise the impedance at which the

beam trips may be affected, particularly at

The stop can be easily cleaned

be-~

low voltages.

by drawing a plece of clean white paper

tween the beam and the stop while the beam is

firmly pressed down.
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Fig. 11—External Connections of the Type HZ-1 Relay In
The Type FT Case Using The Auxiliary
Delta Current Transformer.

Also, when checking the impedance element at

low voltage, observe the tripping of the heam

instead of an indication in the trip circult.
This will prevent an error in the contact ad-
justment which might otherwise affect the beam

calibration.

RENEWAL PARTS

Repair work can be
at the

parts

done most satisfactorily
factory. However,

to the

interchangeable
customers who
When

complete

can be furnished

are equipped for doing repalr work.

ordering parts, always give the

nameplate data.

ENERGY REQUIREMENTS

The €0 cyele burden of the varlous clrcuits

of this relay are as follows:

11
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N

512 - 74 = USE SCREWS
OPENING FOR | 222 = FOR THIN PANEL
THIN PANEL MTG. 25 )

E)
A
3
4
R
N

4
ARV ) j/—:‘—““” USE STUDS
I [P SN FOR THICK PANELS

l_L S _H_i ‘

[ SR | Y R T bt _Hg_ﬂ_.l . R )
I e e
~ L2

e
\ (
oy l‘r\ljﬂ —ILV 93—+

D | ni——Y -
7 N

3

p]

DIA DRILL— - 322 DIA.DRILL 190-32 TERM SCREWS & STUDS

(2-HOLES) 1-20 MOUNTING SCREWS
3 OROLN S ~—23

Fig. 12—Outline And Drilling Plan For The Standard Projection Type Case. See The Internal Schematics For The
Terminals Supplied. For Reference Only.
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Fig. 13-—Outline And Drilling Plan For The S10 Projection Type Flexitest Case. See The Internal Schematics For The
Terminals Supplied. For Reference Only.

12

J



TYPE HZ-1 IMPEDANCE RELAY. L L a1416E
7 /,z+——sz'—«1
[ = O A
1 1 [ w
Pg" L’
9l t | j: e av ! \"l:\. i"\\.
4? 7 T ;//i///éggség
- - - ¢
‘I \\‘/ :.\ | L w tl" 4
Wkl’a W \\ g T’o N
414 L7
L 1 7Eeanacs L {
ZE}T iij .umuaﬂna: ‘fé
s Fom (e xoes)
/-F/ Panei %
§-B-2020

Fig. 14—Outline And Drilling Plan For The S10 Semi-Flush Type Flexitest Case. For Reference Only.

POTENTIAL CIRCUITS AT 115 VOLTS

Circuit V.A.
Impedance Element 2.0
Directional Element 3.7

CURRENT CIRCUITS

Tap Amps. V.A.P.F.Angle

Circult

Tmpedance Element 4y 8
1%3.5 8

Directional Element 5.

Auxiliary

Star-Delta 5Y/8.66 5.

C.T. S#87912

.6
.6

6
6

6
1.3

1.1

5.5

P.F.Angl-

20°
20°

lag
lag

hoo
22

42°

10°
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