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r§Yestinghouse

Type HCZ Impedance Relay

INSTRUCTIONS

Fig. 1 - The latest Westinghouse relay, Type HCZ, comblning the
best features of the Type HZ and Type CZ Relays.

CAUTION

Before putting mrotective re-
lays 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, inspeot the con-
taocts to see that they are clean and
oclose properly, and operate the relay
to check the settings and electrical
conneoct lons.

The type HCZ relay is a combination of
the high-speed element of the HZ relay and the dis-
tence element of the (Z impedance relay, The dir-
ectional elem nt is of the HZ high-speed type.

It has a time-distance characterlstic
which is a combination of the HZ and CZ relay, as
shown in Pig, 2, PFor & feult within the first 80%
of the distance to the next switching point, the
time of operation is constant, or nearly so, for
eny given line and has & minimum velue of about
one-half oycle, For faults beyond this point, the
time of clearing varies directly as the distance
between the relay and the fault,

It is made in two ranges--one capable of
being adjusted from .2 to 2 secondary ohms, and the
other from .6 to 6 ohms.

CONSTRUCTION

Fundamentally, an impedanée relay reguires
two sets of contacts in series; one on a distance-
measuring element, and the other one a directional
element, But, in order to provide for numerous
practical requirements, the HCZ relay oontains the
following elements, shown schematiocally in Fig. 3.

Instantaneous Impedance Element (HZ)

Distance Element (CZ)

Directional Element (HZ)

Auxiliary Contactor

Fault Detector {Instantaneous Over-Current Coil)
Contactor Switch

Operation Indicator

The instantaneous impedance element pro-
tects the TIrst zone of the section of transmis-
sion line, which zone consists ef 80 or 90 per cent

Fig. 2 - The Time-Distance Characteristilc
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Fig. 3 - The Elements of the HCZ Relay

of the disteance to the next switoching statiom. It
oconsists of a balanced beam of silioon ateel which
18 pulled downward on the forwsrd end by the ocur-
rent coil., The pull of the ocurrent 6oil is opposed
by two voltage soilsacting on the other end of the
beam. The contacts of the instantaneous element
are in series with the contacts on the directional
element so that the breaker can be tripped only in
case the power flow 1s in the proper direction.

The distance element is a timing devioce
whose time of operation depends upon the distanoce
to the fault, Its principal object is to secure
proper discrimination when a fault is olose to
the next switching station, It oonsists of an in-
duction disc which winds up a spring which, in
turn, pulls on the core of a voltage restraining
coll, When the pull of the spring overoomes the
pull of the coil, the core snaps away and the ocon-
tacts are closed, Thus the time required for the
contacts to close on this element depends upon how
fast the current turns the disc and how low the
voltage drops. Obviously, the closer the trouble,
the heavier the current and the lower the voltags,
and it follows that the time of operation is pro-
portional to the distance to the trouble, The con-
tacts on this element are also in series with the
directional element.

The Directional Element., The direction-
al element © 8 relay 18 simlilar to the high-
speed elemsnt used in the type HZ relay. A small
voltage transformer csauses a large current to flow
in a one-turn, movable secondary, whisch current is
substantially in phase with the voltage. This al-
uminum secondary loop is placed in a fleld produc-
ed by the ocurrent, and a torgue 1s produced which
rotates the loop one direction or the other, de-
pending upon the direction of the power flow, The
movement of the loop closes two ocontacts in each di-
rection of travel, This element has true wattmeter
characteristics and is extremely fast.

The direstional element has 1its contacts
in series with the two impedance elements (high-
speed and distance), and it alaoﬁ through the aux-
1liary contactor switech, exerts "directionsal con-
trol® on the current coil of the distance element,
By this is meant that the diatmnce element disc
camnot begin to turn wntil power flows away from
the switohing station., The torque on the disc is
produced by the intersotion of the flux from the
lower and upper poles. The lower pole is energiz-
ed by the main current cirouit, A secondary coll
on this same pole acts es a transformer ooll and

rroduces a ourrent which flows through the upper
polo coils to energize them. This is the direc-
tion control circuit, and it is completed by con-
tacts operated by the dirsctiocnal element. When
these contacts are closed, the disc can turm, pro-
vided, of course, there is current emough in the
main cireuit,

Auxiliary Contacstor, The direstional el-
ament does Mot oloee the direotional control oire
ouit directly, but worka through a small auxilisry
oontectar, qun the tripping eontaocts of the dir-
estional element are closed, either due to outgoing
load ocurrent or fault current, the auxiliary cone
taotor 1s energized, sealing itself in and closi
the directional scontrol circult on the distance el-
ement., (This operation 1s also supervised by the
sction of the fault detector desoribed next,

If e fault occurs in a direction to cause
ocurrent to flow towards the bus, the back oovntasts
of the directional element are closed. This de~
energizes the coll on the auxililary contactor and
its contascts open, This opens the directional con-
trol oirouit on the distence element and allows it
to return to its de-energized position,

Fault Detector. (Instantaneous Over=-
Current Co 8 accessory is added to improve
the performence of the relay in a number of minor
ways. It 1s a simple over-current relay adjusted
to operate at 8 amperes and reset at § amperes, Its
oontacts are in series with the other contacts, and
it will, ther#fore, keep the trip circuit open ex-
cept when & heavy current flows in the line. This
accomplishes two desirable results: First, 1t pre-~
vents the auxiliary oontastor from operating, and
thus relieves the battery of a constant though small
drain; second, it prevents the relay from operating
if the A~0. potentlal on the impedance elements
should be lost due to the blowing of a pair of po-
tentlal transformer fuses or an improper switching
operat ion,

There 1s one objection to the use of this
relay element; namely, it will prevent the instant-
aneous impedance element from tripping she breaker
if the short oiroult current should be leass than the
8 ampere setting on the over-current coil., If this
is an important conaideration, the contacts of the
ovg:u:m'rent c0il may be permanently short cir-
ouived,

The Contactor Switch, Following past
practice in esign ol protective relays and
in order to Ilncrease the capacity end certainty
of mction of the trip econtacts, a special direct
current contactor switch i8 1in series with the
main contacts of the relay and with the trip coil
of the breaker. When the relay contacts close,
the coil becomes energized and seals the switch
contacts. This shunts all the main relay contacts,
thereby relieving them of duty of carrying the trip
ocurrent, These contacts will not open under any
circumstenses until the tripping cirocuit is opened
by the auxillary switch on the breaker.

The contactor switch operates on a mini-
mum of 1.0 ampere, but the trip cireuit should draw
et least 3 to 5 amperes in order to reduce the time
of operation of the switech to a minimum and provide
more positlve operation., If the type HCZ relay is
used to trip an auxillary multi-contact relay, pro-
vision should be made for loading down the trip cir=- m
cuit with a resistor in parallel with the operating s
colls of the auxiliary relay. Also, since the total !
trip eircuit resistance in the relasy is approximately o
3.8 ohms, care must be taken to see that the breaker
trip coil will receive enough current when low volt-
age control is used. A control battery of less than
24 volts will probably be unsatisfactory,.
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WESTINGHOUSE TYPE HCZ IMPEDANCE RELAY

OPERAT ION

The inatantaneous element measures the im-
pedance of the line to which it is connected by
measuring the matio of the current and voltage sup-
plied to it, The relay is connested to receive a
current and voltage propartional to those existing
on & high tension line,
a given amount of current, I, will flow from the re=-
lay location to the fault, With zero voltage exist~
ing at the fault, the voltage back at the relay must
be proportional to the drop in the line due to0 our-
rent, I, or proportional to IZ, where Z 1is the im-
pedance to neutral of the line from the relsy to the
point of fault, The ratio of the current to the
voltage applied to the relay 1s oonstant far any
value of current as the voltage on the relsy is
equal to the current times the line impedance.
Therefore, if the instanteneous element of the
type HCZ relay is adjusted by the core socrew and
taps on the current coll for a value of surrent
such that the pull of the current coil 1s Just e-
qual to the potential restraint for a faulk at X,
the beam will be balanced for a fault at that
point for any value of current, Now, if the fault
occurs to the left of X, the pull of the ourrent
coll will be greater than that of the potential
coil and the beam will trip, If the fault occours
to the right of X, the beam will not trip as the
voltage pull is greater due to a larger amount of
impedance and sorrespondingly larger potential re-
straint., It 1s oustomary to set this balance
point at 80 per cent of the distance from the res-
lay to the next switching point so es to allow a
margin of safety,

The. same reasoning applies to the dis-
tance element except that instead of a definite
balance point, the element has a definite time of
operation for every position of a fault even though
the value of the current should vary.
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INSTALIAT ION

The HCZ relay should be mounted in a lo-
cation free from dampness, excessive heat, or ex-
Sesslve vibration, and must not be subject to se-
vere jars, After the relay has been roperly mount-
ed, take off the cover and remove the blocking from
the various elements, Do not disturb the ad just-
ments of the relay other than as herein mentlioned,
If they sre disturbed during installation, it will,
in some cases, seriocusly change the characteristics
of the relay, preventing proper operation,

Conneot the relsy in the ocircult accord-
ing to Fig. 4 unless some other diagram has been
provided, Care must be taken to insure correct
polarity. This diagram shows the conventionsl con-
nestion with star-connected current transformers,
Other oonnections are sometimes used, and for this
reason an extra terminal (14) 18 provided on cer-
tain styles of relay, as shown in the interml dia-
gram, Fig. 5,

The directional element for the type HCZ
relay should be so connected that the ocurrernt will
lead the voltage by 30° when the line power factor
1s 100%. There are two reasons for this connection,
both of which relate to the conditions which exist
at times of single phase short circuilts, The first
advantage is that the relay voltage is obtained
from one of the phases which is not in trouble and
is, therefore, high., The second reason, and the
really importaent one, is that with this connection,
the phese relations during time of trouble can nev-
er be distorted to such a point that the directional
element will operate backwards,

The following method should be used to in-
sure that relays are properly connected, Comnect
the ocurrent colls of e single-phase wattmeter in
serles with the ourrent winding of the relay. With
power flowing in either direction, if the current
is lagging so that the power factor is between 100%
and 50%, seleot a pair of voltage leads which give
the highest reading on the wattmeter. The two leads
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WESTINGHOUSE TYPE HCZ IMPEDANCE RELAY

selected should be connected to the directlonal ele~
ment potentlial terminals, The front contacts (right
hend front view) should close when power flows away
from the bus,

SETTING THE REIAY

Instantaneous Element

The instantaneous element is adjusted

only by varying the pull on the armature of the
current c¢oll, There are two of these adjustments:
one in the number of turns (T ), and the other the
air gap between the core and the armature (S).
The simple equation is TS = KZp. In this equatlon
Zp 1s the length of the balanced zone; it must not
be confused with the total Z used when celoulating
the setting of the distance element, For susy re-
ference, all the equations are tabulated and it 1s
suggested that this tabulation be carefully follow-
ed,

For star-connected current transformers,
the formula is TS ® 17,3 Zp, Re/Ryj Where Zp is the
impedsnce to neutral of thé b&lanced zone, Re 18
the current transformer ratio, and Ry 1s the poten~
tial transformer ratio., By solving this equatlon
the value of TS is obtained. Pick out a suitable
velue of T on which to adjust the current tap, then
pick out a value of S which will give the deslred
mroduct, TS. For example, take & 110,000 volt line
75 miles long with a current transformer ratioc of
200/5 and an impedance to neutral of ,75 ohm per
mile, Then the total 2 = ,76 x 76 = 56.2 onms,
Then 2y ®= .8 x 56,2 = 45 ohms (to the balance
poimt). Rg ® 40and Ry ® 1,000, Then T3 = 17.3

x 45 x 40/1,000 = 31,5, From this it appesrs

that T = 20.8 or T = 29.8 might be sultable, Try
them both, S = 31,2/20,8 = 1,50 and 8 ® 31.2/29.8
= 1,04, fhe 3 scale does not run up to a vslue

of 1,50 so the proper value is S # 1.04, which is
on the scale and can be interpolated between 1.0
and 1.1, The answer to this example 1s 7 = 29,8
and S = 1,04,

The calibration on the instanteneous
core screws (S) is a series of dots which paass
around the large hesd in a spiral manner. To set
on eny particular number, the screw should be turn-
ed until the mark corresponding to that number is
exact ly under the end of the pointer. Accurate
setting can be made by interpolating between the
marked points, for a line impedance which requires
such settings,

Distance RElement

The distance element introduces a time
delay inthe operation of its bresker and hefore
mek ing any calculations it is necessary to flx up-
on the time interval which 1t 1s desired that the
relay should give, Following the practice of other
types of relays, it will probably be desirable to
use & time interval between consecutive cireuit
breskers of .5 or .8 second, depending upon the
time required for the circuit breskers to open and
the margin of safety desired. The adjustments on
this element consist of taps on the current coll and
& tapped resistor in series with the potential coil,
The marking on the current adjustment, T,, represents
approximately the minimum current which will cause
the disc to turn. This relay element will give the
best results if the short circuit has a value of at
least twice the tap setting which is used, There-
fore, the first step 1s to determine by calculation
the minirmm possible short circuit current, The
value of current adjustment, Ta, should then be
picked out which is less than half of this value,
The relay will operate very well between 200% ard
1500% of this value, T,, but it will operate better
if a value can be chosen such that the short cir-
cuit current, with the fault at the far end of the
section, 1s always between 3004 and 1000% of T,.

Additional precsutions necessary in determining
Tes Ty, 2nd K are discussed in a following para-
gragh. After having selected a value of Ty, the
proper voltage ad justment can then be determined
from the fundamental formula Ty = K T « Takin
into account the current and potentiai transform
ers, the formula will be Ty = K T¢ Z Ro/Ry. This
value of Ty 1s marked on the external resistor
which accompanles the relay. The value of K de-
pends upon the current transformer commections
and upon the time intervel which is desired, and
both of these values are in the table of formula:

Z = impedance to neutral of the full length sec-
tion of line to be protected. Sometimes the
Z actually used In setting the distance ele-
ment is less than the impedance of the line
due to the presence of parallel sections or
short adjacent sections, or the necessity
for cooperation with other types of relays,
This 1s discussed under the heading, Inter-

ference Between Relays. This does not apply
To Zp used E setting the instantasneous ele~

ment .,

Zp = impedance (to neutral) to the balence point
of the instantaneous element. The recommend
ed Zp = 8 Z

Re = ratio of current transformers

Ry = ratlo of potentlal trensformers

INSTANTANEOUS ELEMENT e

T = the marking on the current coil taps. It
is proportional to the number of turns,

8 @ the marking on the scale of the core adjust-
ing serew, The greater the number, the
greater the pull of the current.

DISTANCE BLEMENT ¢

Ty = the potential ocoll series resistance tap
value, The lower the tap value, the greater
the pull of the restraining coil and the
longer the reley time,

Te = the current coll tap value., It represents
the minimum current which will cause the
disc to turn, For a given current flow,
the greater the tap that is used, the leas
the pull and the longer the time,

K' = arbitrary constant the value of which deter-
mines the tlme interval between successive
relays on the system,

Recommended values of:
K'y Star X'q Delta

Time Interval Connection Connection
1.5 57 33
1.4 60 35
1.3 64 37
1.2 68 39
1.1 72 42
1.0 77.5 45 -

.9 83 48
«8 91 53
7 101 59
6 113 65
1) 130 75
4 152 a8




WESTINGHOUSE TYPE HCZ IMPEDANCE RELAY

Star Delta (1-Phase)
current current Relay Test
INSTANTA NEBOUS
ELEMENT
Fundamental TSZKgZpR, TS=K3ZpRe TS = KZp
Equation (3 ————— ——
phase short Ry Ry
cirecuit)
Same with TS=17.3 ZpRe TS=10 ZpRg TS & 10 2y
value of K R -
supplied, v v

When an auxlilisry ocurrent transformer is
uged to obtain delta cwrrent, its coil ratio should
be included as a factor in the numerator of the
equation, ses paragraph on suxiliary transformer.

DISTANCE
ELEMENT

Fundamental T,

Equation (3

phase short
circuit)

=’ JToRo
Ry

T¢ 5K'qToZR, (use curve)
Ry Ty 3K'4T.2

RANGE OF REIAY ADJUSTMENT

These relays may be manufactured in sev-
eral ranges. The instantaneous element mekes use
of the first element in the HZ relay., This hasa
the following marked values of 8: .8 « ,9 = 1,0 -
l.1 = 1.2 = 1,3 = 1.4. The scale is continucus
80 that intermediate values may be obtained, and
is the same in relays of all ranges.

The relay having a nominal secondary ohm
rating of ,2 to 2 has fixed current tap values as
follows: T 22 =3 -4 -6 -9 -~ 13,

The relay having a nominal secondary ohm
rating of .6 to 6 ohms has taps as follows: T =
6,2 « 9,4 = 13,5 -~ 20,8 « 29,8 - 45,

The distance element makes use of the CZ
relay element and has the following current teps:
To 24 «5=-6,6~8<«10~15 - 20 - 25 ~ 30,
Special relays have taps of 1 « 2 « 3 - 4 - 5 - 6,

The voltage taps on the series resistor
are: T¢ % 125 - 180 = 175 - 200 - 250 -~ 300 -
360 = 430 ~ 800 - 600 - 700 - 800 - 1000 ~ 1200 =
1400 = 1600 - 1800.

READJUSTING AND TESTING

The proper adjustments to insure correct
operat lon of the relay has been made at the factory
and should not be disturbed after receipt by custo-
mer. However, 1f for any reason the adjustments
have been changed or the relay taken apart for re-
peir, the following instructions should be followed
in reassembling it and setting it,

Adjusting the Instantaneous Element

Refer to Pig, 6., Adjust the stop screw
on the rear of the beam to give a clearance of %025
between the rear of the beam and the voltage iron
eircuit., With the beam in this position, that is,
back against the stop, ad just the gap vertically
to obtaln "009 between the ad justable iron and the
beam, 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 serew to "020.
The stationary contacts should be ad-
Justed to give ,015" clearance between them and
the silver bridge in the beam when the beam is
back against the atop, The bridge should be made
to touch both contacts simultaneously, and de-
fleot the contact spring at least ,010" before the
beam strikes the bronze stop on the core screw. If
the rrevious adjustments are correct, this deflec-
tion figures out to be ,014",
CAUr'TON: Care should be exercised in adjust-
ing the stationary contacts to see
that too mich "follow" in the deflection of the
stationary contacts is not allowed as this will
slightly delay the resetting of the high-speed
element and thus the directional ek ment contacts
may get closed before the impedance contacts are
opened and result in incorrect tripping. Make
certain that the stop on the voltage side is ab-
solutely clean, otherwise the impedance at which
the beam trips mey be considerably affected., The
stop can be easily cleaned by drawing a piece of
paper or cloth under it while it is firmly pressed
down.

vl -

015" ;
020 009
P N R
T = L
TAD el R 35S | @
= PP = O 3 L TADIUST
SCREW el ,;!:imuz::mn.a;.v §<xz .\ Y. ol—
= GRS FER —
I X 7W==] |
(NGRS = % ol
o P == O
-4 I SEIGES = 590
.t P 0000, =5 9% |
il W7z =, [
L SR
) i»r-'- 4%—:: q;
POINTER s

CORE ADIUST. s’

Fig. 6 - Instantancous Element

-5_



WESTINGHOUSE TYPE HCZ IMPEDANCE RELAY

Ad Justing the Distance Element

Adjust the stop sorew on the rocker arm
so that there 1is a gap of ,005" between the core
sorew and the plunger when the beam is reset. With
the beam in thls position, adjust the position of
the stationary contasts so that there is a gap of
+020" between them and the moving contects. Also,
see that both oontacts meke simultaneously, The
factory method for adjusting the gap to 005" 1s
shown in Pig, 7. If a dial miorometer is avail-
able, it can easily be clamped to the relay so that
this measurement may be made, If a micrometer 1is
not available, it is better not to attempt to ad-
Just this gap, although the following method, if
carefully done, will be approximately correct. With
the stop screw loose and the plunger touching the
core, screw down the stop screw till it just tousches
the plate, Then turn the screw down one-half re-
volution and lock 1it, The screw has 100 threads
per inch so that one-half turn is equivalent to
008", Check this by measuring the time of operm-
tiOItl. as described in the last paragraph of this
seotion,

When working with the rocker arm, be
careful not to break the Jeweled ring bearings,

Extrems oare should be taken to obtain
a fine balance of the rocker arm member, Loosen
the clamp sorew on spring adjuster and turn ad just -
er to the left so the rocker is just about balanced.
The objest is to adjust the initial tension on the
spring so that with the voltage coils unexcited the
weight of the plunger amm is just barely sufficie t
to hold the contasts open, Under this condition,
a movement of about 1-1/2% of the dissc should be

tendemsy to bounce occurs, it indicates that the
balance of the rocker arm is too critical, The
spring sd juster should be turned very slightly in
the olockwise direction from above,

After the rocker arm has been properly
balanced, the tripping current should be adjusted.
The direct ional ocontrol circuit must be closed either
by blocking the auxiliary contactor in the upper
position or by putting a jumper between the front
and left-hand terminal of this contactor, FPFirst,
place the current tap screw in the 4 ampere position
and leave the voltage coil unexcited, Adjust the
position of the balance weight on the rocker arm so
that the contaocts just barely close at 4 amperes plus
or minus 5%. It is importent to note that during
this ad justment every time the position of the balancd
weight is changed the rocker arm must be rebalanced by
moving the spring adjuster ss explained previously.
After the correct position of the weight has been
found, it should be locked securely in place with
the set screw,

Pinally, the relay should be checked by
measuring its time of operation at several points
as follows, using the 4 ampere tap and measuring
the voltage across the coll alone:

Volts Amperes Time (Cycles)
o] 8 22 or less
64256 12 45
25, 48 75

These time values should be the average of & num-
ber of teats, The check at zero voltage shows that
the relay is free from friction. The check at 6,25
volts indicates the acouracy of the air gap adjust-
ment which may be varied slightly to bring this

sufficient to close the contacts, When the diso point to proper time, A
is allowed to return to its initial position, the
contacts should open of their own accord, In other Adjusting the Directional Element
words, the plunger arm should be balanced so thmt
the plunger will always return to a position wish With the relay in the vertical positior,
the stop screw lightly against the oross bar. check the alumlnum loop to see that it 1s proper.iy
centered aml free to swing between the pole pieces,
Check the balanee of the rooker arm by The loop should assume s vertical position when de-
applying and removing full voltage to the restrain- energized, With the loop vertical ¢djust the sta-
ing coil at least tem times. The current coil tionary oontacts, both in front and in the rer, to
should not be energized., The contaots should not give about 1/38" contact separation. The total con-
bounce closed when the voltage is removed, If sny tact travel should be 1/16", possibly leas., The
—
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back stop screws should be socurately adjusted to
give between ,002" and .005" follow to the right-
hand or tripping contacts., The follow on the left-
hand contacts should be not greater than ,003" in
order to minimize the rebound,

It 1s necessary that the directional ele-
ment cooperate with the instantaneous element in
preventing improper tripping during certsin line
feults, The most serious case is where the dir-
ectional element is closed due to the normal power
flow end a short circuit then occurs on another
neardy line., It is necessary that the directional
contacts should open before the impedance contacts
can close, Any excessive follow on the contact
springs willl materially dday the time of opening
the cirouilt, In many installations the require-
mnts are so severe that the follow on the right-
hand contacts should be cut down to the minimum
of ,002" which is so small thet it is just per-
ceptible,

Behind the current coils are a pair of
stop screws which 1imit the travel of the loop.
Adjust these stops so that they touch the loop at
the eame time that the contaocts strike their back
stops,

Energize the loop with normal potential
long enough to bring it up to temperature (about
10 or 15 minutes) and adjust the bearing screws so
there ia about ,010" end play,

Apply 110 volts, 5 amperes, in phase,
and make sure that the contacts will close pro-
perly in both directions, The element should op-
erate on at least 16 watts; two volts and 8 amperes
is a suggested tesat,

Adjustment of Auxiliaries

Ad Just the contact gap of the auxiliary
contastor so that the latter will operate at a min-
imum of 90 volts D-~C. This gap should be aporox-
imately 3/64", Energize the directional element
at 4 volts and 5 amperes unity power factor, and
see that the auxiliary contactor picks up when the
right-hand contacts are made. See that the con-
tactor remains sealed-inwith the movable direction-
al contasts in the middle position (not touching
either stationary contacts) and that it resets when
the left-hand contacts are mede,

Contactor Switch, The contactor switch
should have a travel of approximetely 1/16" and
should operete at 1,0 ampere D-C. There should
not be sticking or freezing of the plunger at 30
amperes D-C,.

Operat ion Indicator., Adjust the opera-
tion indlcator to operate 1 ampere D-C. gradually
rising current. Also,make sure that the iron vane
will not stick magnetically when operated momentar-
ily at epproximately 15 amperes D-C,
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Foult Detector., This should pick up at
8 amperes and drop out before the current has been
decrensed to 5 amperes,

MAINTENANCE

It is necessary to give this relay re-
gular attention, and an inspection every six months
is recormended, Examine both the instantaneous
end distence element stops on the voltage coil to
make sure that they have not stuck, Tt is desir-
able to clean both stops with benzine (petroleum
ether ) on every inspection.

All the contacts should be kept elean
and in good alignment, A small f£ile, rather than
‘sandpaper, should be used for cleaning the oontects
because it is not likely to leave foreign matter
imbedded in the silver,

The mechanical condition of all operate
ing parts should be given careful inspection, Where
convenient, operating current and voltage should de
applied for the purpose of operating all the parts,
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