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Westinghouse
Types CN-33, CN-J and SR-2 Network Relays

1. The types CN-33, CN-J, and SR-2
relays have been designed to control the
operation of the types CM-22 and CM-44
network protectors which are used for
the control and protection of low voltage
alternating-current network systems. A
low voltage a-c. network system is an
interconnected grid or mesh of low volt-
age mains, from which the customers’ser-
vices are taken, supplied through a num-
ber of network transformer banks over
two or more high voltage feeders. Net-
work protectors are connected in the
secondary leads of all network trans-
former- banks to provide means for dis-
connecting any high voltage or primary
feeder and its assoviated network trans-
formers from the secondary grid or
network.

2. The characteristics of the type CN-
33 network master relay are such that
it will operate to close the network pro-
tector when the voltage on the trans-
former side of the protector is approxi-
mately equal to or greater than and
substantially in phase with the voltage
on the network side of the protector,
and to trip the protector when the flow
of power through the protector is re-
versed, that is, the flow is from the net-
work to the transformer bank. Tor
some systems the above characteristics
are satisfactory and only the type CN-
33 relay is necessary to control thegaet-
work protector, On most systems@howz
ever, it is necessary to use the“type
CN-]J relay in conjunction with the type
CN-33 to prevent the network protector
from closing under voltage condifions
which would produce a réversalof power
when the protectofyclosedfthus causing
it to immediatelyyreopen. Such repeated
closing and opéningof thenetwork pro-
tector withofit anychanges in load and
voltage conditions on the system other
than those producedf{by the operation
of the protector is referred to as pumping.
All type CM-22 and CM-44 network pro-
tectors are norfally supplied with both
the type CN-33 and type CN-J relays.
The, CN:J phasing relay can be omitted,
however, )if the protectors are to be
installed on a system where it is defi-
nitely known that voltage conditions
cannot exist which might cause pumping.

General Application

3. Even though pump-proof network
protectors controlled by type CN-33
network master relays and type CN-J
network phasing relays are used a large
number of unnecessary protector opera-
tions may occur at certain locations on
any network system, usually at times
of light load on the system. These un-
necessary operations may be due to the
starting and stopping of regenerating
elevators or to differences in primary
feeder voltages coupled with large
fluctuating loads on the systefmy, such
as large motors which may be ‘started
at frequent intervals. While in ‘most
cases the type CN-33 is setyto trip its
associated network protegtor ompan in-
phase reversal equal togabout 0.39, of
the ampere rating of the protector, it is
possible to increase the reverse current
setting of the standard“@N-33 relay to
a value equalmto 10% of the protector
rating. An in-phase®reverse current
setting ofg10% of the protector rating
in amperes or less will eliminate a large
number of‘annecessary protector opera-
tionsd” There ‘will be some cases, how-
ever,, where¥a higher reverse current
setting (is4necessary to prevent a pro-
tector(from opening on these frequent
reyersals of power which may occur at
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times of light load.£To take care of these
cases a type’SR-2uvoltage restraining
relay should be added“®o the protector.
The use of this'telay permits the CN-33
relay to be sét to¥trip its associated
protectofpon ‘@, minimum in-phase re-
versal of approximately 20 or 409, of
the protector rating in amperes under
ngrmal system conditions. When a fault
occurs which appreciably affects the
voltage at the protector, however, the
reverse current setting of the CN-33relay
automatically becomes sensitive so as to
insure its positive operation. The high
reverse current setting is automatically
restored when system conditions again
become normal. All type CM-22 and
CM-44 protectors are provided with
the necessary wiring and mounting facil-
ities for the type SR-2 relay so that
the relay can be easily installed on the
protector should the need for it develop.

4. When controlled by one or more
of the above mentioned relays the net-
work protector should function satisfac-
torily under all conditions which may
be encountered in service. A detailed

description of the construction, oper-
ation, and adjustment of each of the
above three relays is given in the follow-
ing pages.
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Type CN-33 Network Master Relay

Construction

5. The type CN-33 network master
relay shown in Figs. 1 and 2 is a three-
phase relay which operates on the in-
duction principle. Its moving element
is a comparatively large and sturdy
drum drawn from pure sheet aluminum
This drum is carried on a horizontal
tool steel shaft which rotates through
approximately a 15 degree angle on
sturdy tool steel knife-edge bearings.
Since this type of bearing can be placed
at the exact center of the shaft. friction
is reduced to a minimum. The con-
struction is similar to that used in sensi-
tive platform balances. Heavy phosphor
bronze retaining rings have been added
to encircle the ends of the drum shaft
so as to prevent its being thrown off
the knife-edges during heavy torque
conditions.  The stationary bearings
have their knife-edges extending up-
ward to avoid the danger of having dirt
accumulate between the bearing sur-
faces. End thrust is taken care of by
means of flat polished steel surfaces in
the stationary bearing assemblies. The
ends of the drum shaft are conical, and
one end or the other makes point con-
tact with its associate flat steel surface
depending upon the direction of the
thrust. The moving element is carried
on a flat steel mounting plate. The
drum is located behind this plate and
its shaft extends through a hole in a
moulded insulation plate located on the
steel mounting plate. One of the drum
shaft bearings is mounted on the back
of the steel plate and one is mounted
on the front of it.

6. The relay has single-pole,gd6uble2
throw contacts all of which are mdde
of pure silver. The moving contaet afm
is clamped around an igsulating hub
pressed on that postion|offthe drum
shaft which extends“hrough#to the
front of the relay mountingyplate. This
arm carries two spping mounted silver
contacts which arefelectpically one, and
three flat steel springs of different
lengths which extend” down from the
shaft 180° from the contacts. These
springs are useddto adjust the amount
of reverse current necessary to close
the gtripping contacts of the relay.
Counter weights are also carried on the
moving ‘contact arm so that the moving
element 15 substantially balanced in all
pesitions,

Current and
Phasing {oil
aad lron
Assembly

FiG, 2—T¥PERCN-33) NETWORK MASTER RELAY.

f Moulded
Terminal

Block

: Darmsping
4 Magnet

Rear VIEW OF

RELAY REMOVED FROM BASE.

7. The stationary contacts consist of
two hemispherical silver buttons welded
on the ends of two brass thumb screws.
These two eontact screws screw into
two brdss blecks'and are locked securely
in place By means of two thumb nuts.
Themblock, which carries the stationary
clesing €ontact is mounted to the right
ofithe moving contact on the insulation
plate through which the drum shaft
passes and is stamped with the letter
L¢C”, The block which carries the sta-
tionary tripping contact is mounted on
the same insulation plate to the left
of the moving contact and is stamped
with the letter “T",

8. On the lower part of the insulation
plate to the right of the three flat steel
reverse-current springs is mounted an-
other brass block with three tapped
holes in it. This block carries a small
thumb screw which acts as a stop to
deflect the reverse-current springs. When
mounted in the lower hole the screw will
deflect one of the springs, in the middle
hole two, and in the upper hole all three
of the springs. This reverse-current
screw is used to vary the amount of
reverse current necessary to close the
tripping contacts of the relay by vary-
ing the amount of deflection and the

4

number of reverse-current springs de-
flected before the tripping contacts
make. When the reverse-current ad-
justment is made the screw is securely
locked in place by means of a thumb nut.

9. When the relay is completely de-
energized the moving contact is held
firmly against the closing stationary
contact by means of a spiral spring
around the moving element shaft. The
inner end of this spring is fastened to
the moving contact arm and the outer
end is fastened to a spring adjuster
which is carried on the front of the
circular moulded insulation plate, This
spring adjuster is of the friction type
which has been used on many West-
inghouse induction relays for years.
Gear teeth on the adjuster engage a
pinion, the insulated shaft of which ex-
tends through a hole in the front bearing
plate. The spring tension is easily ad-
justed by rotating the pinion with a
screwdriver without danger of grounding
the spring assembly. This adjustment
is located under the glass cover to pre-
vent unauthorized changing of adjust-
ments.

10. The use of a large diameter drum,

two small permanent magnets for damp-
ing the movement of the drum, and a
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solid stop on the moving element which
limits the movement of the drum to a
relatively small angle have made it pos-
sible to eliminate all gears from the relay
without getting into difficulty from
bouncing of the relay contacts. The
elimination of gears simplifies the con-
struction of the relay and removes a
source of friction difficulties. The small
permanent magnets are carried on the
back of the mounting plate where they
are protected by the relay base from
dust, dirt, and other foreign particles
even when the glass cover of the relay is
removed. The moving clemsnt stop is a
heavy pin pressed into one of the spokes
of the drum. It operatesin a large clear-
ance hole in the rear bearing plate and
limits the movement of the drum in
both directions by striking the opposite
sides of this hole.

11. The three electromagnets which
are carried on the back of the flat steel
mounting plate are mounted radially
and equally spaced about the drum.
Each electromagnet consists of a con-
ventional potential coil and iron assem-
bly mounted inside the drum and a
current and phasing coil and iron assem-
bly mounted on the same radial center-
line outside the drum. The potential coil
is a machine wound coil with a nominal
rating of 125 volts but it will operate
satisfactorily on any voltage between
100 and 135 volts. A current coil of a
few turns of heavy wire is wound directly
on each of the two poles of the outer iron
assembly over the necessary insulation,
The phasing coils which are made ap
of a large number of turns of small #ire
are machine wound. One phasiig coil
is placed on each of the two outer poles
over the current coils and seglirely held
in place. The two sections of each elec-
tromagnet are thoroughlysimprégnated
with insulating varnish dndf baked.
Lagging is used on‘the paténtial coil and
iron assembly. £’Similag, lag loops are
mounted on the outer orjcurrent and
phasing coildand ifon assembly. These
outer lag loopsialso Serve to lag the
potential coil flux ‘afnd effectively limit
magnetic unbalances that have made
the use of two piece electromagnets
difficult in the ‘past.

12,  Pach current and phasing coil and
iron,assembly is securely fastened to the
backWof the mounting plate by two
screws.” The relay is so assembled at the
factory that the air gaps between the
two sections of each electromagnet are

symmetrically unbalanced to provide
the normal range of overvoltage adjust-
ment. The overvoltage adjustment
within this range is made by the geared
spring adjuster under the glass cover. If
it is ever necessary, the range of over-
voltage adjustment can be changed by
loosening the two mounting screws of
each outer coil and iron assembly and
shifting the assembly through a small
angle with a wrench (Style No. 1095881).
When the desired range is obtained, the
mounting screws should be securely
tightened.

13. All parts of the relay located be-
hind the steel mounting plate are com-
pletely enclosed in a cast iron base t6
which the mounting plate is fastened
by two large screws. A shallowpglass
cover is mounted over the circular
moulded insulation plate caszied omjthe
steel mounting plate. This coxerisield
in place by two captivejthumbjscrews
and serves to protect thedelay contacts,
rcverse-current and overvoltagetadjust-
ments, and front bearing“6f, the moving
element shaft fromfdustiand dirt.

14, Mouldedlinsulation ferminal blocks
are mounted on the“two ends of the
mountingplaté,” Silver tipped screws

pass through threaded holes in small
brass plates which are soldered onmthe
ends of the relay coil and contact leads
and slipped into slots in the moulded
blocks. These screws extend on‘through
the terminal blocks®and holes in the
relay base where theirgsilver tips engage
with stationaryy, terminals which are
mounted on__theQyprotector. These
stationary germinals “are silver plated
copper jaws)backed up by steel springs
assemblédyin meulded insulation blocks.
The telay terminal screws serve as plug
or jackhtype connections between the
relayand “protector wiring, but are not
used to“mount the relay. The relay is
motnted on two studs and held securely
iy, place by two thumb nuts which when
tightened force the terminal screws
firmly into engagement with their
associated jaws. These jaw assemblies
are free to move somewhat in their
moulded insulation blocks so as to be
self aligning. The heads of all terminal
screws are accessible from the front of
the relay, and when they are screwed
down in their normal position the heads
are completely surrounded on all sides
by the moulded terminal blocks through
which the screws pass. This prevents
accidental contact with or shorting to

TERL1/VARLS ! 2 8 7 -]

T EN TR
colts

FHES INE
cole

3 2 7 —‘_l

£ & !
o 0O ’
el '
T CONTACTS
|
|
- |
LU
3 i
/ © \,\wepmr
Corl.
hg e

#1322 K 0

" REAR VIEW

F1c, 3-—WIRING D1AGRAM OF INTERNAL CeNNECTIONS OF THE
Type CN-33 NETWORK MASTER RELAY.



Westinghouse Types CN-33, CN-J and SR-2 Network Relays

ground or between screws. By partially
removing the proper terminal screw or
screws any circuit or circuits between
the relay and the protector can be open-
ed. Before the head of a screw becomes
flush with the surface of the terminal
block the circuit is opened. The screw
remains connected to its associated
relay circuit, however, even after it is
backed out until its head extends above
the surface of the moulded block, so
that a test clip can be connected to it
in the groove around the screw head
provided for that purpose, This type
of terminal construction allows the
terminal screws to be used as test switch-
es and greatly facilitates testing and
adjusting the relay when mounted on
the protector. The relay can readily
be mounted on or removed from the
protector without disturbing any leads
and without any possibility of connect-
ing it improperly, merely by tightening
or removing the two thumb nuts from its
mounting studs. After the relay has
been taken off the protector it can be
completely removed from its base for
inspection or maintenance without dis-
turbing any parts or wiring details by
removing the two screws which hold the
steel mounting plate on the front of the
base. The various coilsand internal con-
nections of the relay are shown in Fig. 3.

Operation

15. The operation of the type CN-33
relay can best be described by referring
to Fig. 4. The figure shows a schematic
diagram of the internal and external
connections of the type CN-33 relay
and the type CN-J relay when used on
a three-phase network with a grounded
neutral. The control circuits have been
omitted to make the picture as clear
as possible. When all primary feeders
associated with the low voltage net-
work are open, the type CN-33 relay
will be completely deenergized and its
closing contacts will be held in the
closed position by the spiral spring.
Likewise, the contacts of the type CN-J
relay will be held closed. If the operator
at the station closes the breaker on the
feeder to which the transformer_ bank
shown in the figure is connected,jthe
protector will close and ¢Onmect the
transformer to the network ‘Since the
closing contacts of both relay§are closed.

16. It will be noted that when‘elosing
on a dead network the“phasing and
potential circuits offtheprelays are in
series with normal {ling-to-néutral volt-
age applied a€rossithem. dowever, the
impedanceof the phasing circuits is so
much highespthan the impedance of
the potential cireuits that the voltages

across the latter are extremely low. Sincé
the phasing coils can produce torque
only when the potential coils are ener-
gized, the resulting torque will be very
small because the potential coil veltages
are low and the angle between these
voltages and the phaéing ceil voltages is
almost equal t@thelzéro torque angle.
What little electrieal tefque there is
will tend to close thépclosing contacts
of the CN-33 relaydand open the con-
tacts of the CN-J relay. Any phase-to-
neutral loadjeonnected to the dead net-
work will be in'parallel with the potential
coils_of the,relays and will further de-
crease the voltage across these coils
and)the electrical torque produced in
the relays. For this reason the indicator
lampyin the protector is connected in
parallel with the phasing relay potential
coil so that the CN-]J relay as well as the
€N-33 tends to close its closing contacts
under all dead network conditions.
Therefore, the protector will close on a
dead network regardless of the magni-
tude of the load connected to the net-
work.

17. Again referring to Fig. 4, let us
start with the condition we had original-
ly, that is, all feeders associated with
the network are open. Now suppose
that some network feeder, other than
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the one to which the transformer bank
of Fig. 4 is connected, is energized by
closing its breaker at the station. The
network protectors on that feeder will
close and connect it to the network as
has been explained. This energizes the
low voltage network and both the
potential and phasing circuits of the
type CN-33 relay shown in Fig. 4 be-
come energized at once. The phasing
circuits have line-to-neutral voltage
impressed across them, but since the
voltage on the network side of the pro-
tector is the higher, a very strong open-
ing torque is produced and the moving
contact of the relay moves quickly from
the closing to the tripping position,
The phasing circuits, being connected
across the contacts of the protector, are
energized when the protector is open by
a voltage which is the vector difference
between the transformer secondary
voltage and the network voltage, The
closing of the station breaker on the
feeder to which the transformer bank
of Fig. 4 is connected at a time when
the secondary voltage of the trans-
formers is appreciably less than the
network voltage, will greatly reduce the
voltage on the phasing circuits and con-
sequently the tripping torque of the
CN-33 relay. If when the feeder breaker
is closed the transformer secondary
voltages and the network voltages are
equal and in phase the voltage across
the phasing circuits will be zero, and
the phasing coils in conjunction with
the potential coils will produce no torgue
in either the closing or tripping direc<
tion. The closing contacts of the relay
will not make under this condition,
however, because each potentialycoil
when energized alone producesf@torque
in the tripping direction slightly gréater
than the closing torque produced, by the
spiral spring. This tofque or bias in
the tripping direction, 'developed when
only the potential coils ‘aresenergized,
is obtained by moyingWthe outer coil
and iron asseémblies of the relay slightly
so as to unbalanCe thefair gaps, and is
used to fix the rangefof overvoltage ad-
justment. With zero volts across the
phasing circuits the moving contact of
the relay will@emain over toward the
statiGpnary tripping contact and may
deflect Wthe reverse current adjusting
spring seme but not enough to make the
tripyCircuit. If when the feeder breaker
at the station is closed the transformer
secondary voltage is appreciably higher

than the network voltage, the phasing
coils in eonjunction with the potential
coils will produce a torque which will
causc the moving contact of the CN-33
relay to make with the stationary closing
contact and close the network protector,
thus connecting transformer bank to
the network, if the CN-J contacts are
closed.

18. The instant the protector closes,
current starts to flow from the trans-
former into the network. This causes
current to flow in the current coils of
the relay, which are connected to the
secondaries of saturating current trans-
former, and produce a torque in the
closing direction. The network pro#
tector will remain closed even if condi-
tions change so that there is nd current
flowing through it. As the current‘de-
creases to zero, the movingpcontactywill
move away from the stationary ‘clesing
contact and take up alpdsitiom, some-
where between it and thepstationary
tripping contact and gnay deflect the
reverse-current adjustingispring a cer-
tain amount. When the feeder is dis-
connected from the station bus by trip-
ping its ciréuit breakenthe transformers
will be magnetized from the network.
This flow ofy€xciting current from the
networkto theéptransformer bank will
cause enoughycurrent to low in the cur-
rent fcoilstef the type CN-33 relay to
producg a tripping torque sufficient to
deflect “thie reverse-current adjusting
spring{until the moving contact com-
pletessthe relay trip circuit, if the relay
has a sensitive setting. In this way the
feeder is disconnected from the network
when the station breaker is opened. The
action of the relay is just the same if a
fault develops in the transformer or
feeder, except the tripping torque will be
much greater and the time of operation
shorter.

19. The design of the phasing circuits
must be such that the relay will make
its closing contacts with one volt or less
impressed across them. However, when
the network is energized and the feeder
breaker at the station is open, there
will be full line-to-neutral voltage across
the phasing circuits. There is the possi-
bility of the transformer voltage being
reversed due to an error in making con-
nections and this would place twice
normal line-to-neutral voltage across
the phasing circuits when the feeder
breaker is closed. In order to protect

the phasing coils over this wide rangejof
voltages and to assist in securifigithe
desired phase-angle characteristics, a
tapped resistor is placed in series with
each pair of phasing coils. TheS€ phasing
resistors are mountéd on the protector
external to the relay inforder to decrease
the amount of‘heat liberated in the relay
case so as to_keep, the temperature of
the relay cgil within “proper limits. The
total value of gach Tesistor is 3100 ohms
with th@ytap taken off at 1200 ohms
from_one end and 1900 ohms from the
other.yWhen the protector is open the
1900yohm“sections of the resistors are
shorted@by auxiliary switches on the
protector leaving 1200 ohms in series
with €ach pair of phasing coils. The full
3100 ohms is inserted in each phasing
gircuit by the opening of the auxiliary
switches when the protector closes. This
extra resistance is inserted to assist in
getting the desired phase angle charac-
teristics in the relay and to reduce the
heating in the phasing coils when the
protector is closed.

20. The current transformers used to
energize the current coils of the CN-33
relay are small through-type saturating
transformers and are designed so that
they start to saturate at about 3509
of the current rating of the network
protector. The saturation of the current
transformers results in higher relay
torque and faster relay operation on
most lagging power factor faults. It
also serves to reduce the heating and
mechanical stresses in the relay under
the conditions of heavy short-circuits
on either the network or primary feeder.
The ratio of the current transformers
for all protector ratings is such that the
full load secondary current is 5 amperes.
The secondaries of these transformers
may be safely opened under load.

21. Pigs. 5, 6, 7 and 8 show the operat-
ing characteristics of the type CN-33
network master relay. Curve No. 1
of Fig. 5 shows the closing characteris-
tics of the relay. Lines drawn to it from
the origin at various angles with the
network voltage represent in both magni-
tude and phase position the transformer
voltages which will produce a torque
in the relay just sufficient to cause its
closing contacts to make. The closing
contacts will also make and connect
the transformer to the network if the
transformer voltage terminates above
the closing curve. Any transformer
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voltage which does not terminate on
or above the closing curve will produce
a relay torque in the tripping direction
which prevents the closing contacts from
making and the network protector will
remain open. The curve No. 1-A in the
same figure shows a small section of
the closing curve plotted to a much
larger scale so as to show the charac-
teristics of the relay for the values of
phasing voltage at which it normally
operates. Lines drawn from the origin
to this curve represent in magnitude and
phase position the phasing voltage,
that is, the voltage across the open
contacts of the network protector neces-
sary to produce a torque in the relay
just sufficient to make its closing con-
tacts. The upper end or line potential
end of the network voltage vector is
at the origin in this case. The network
voltage vector cannot be shown in its
true relation to this curve because of
the large scale to which the curve is
plotted. It will be noted by referring
to Curve No. 1-A of Fig. 5 that the
relay will just close its closing contacts
with approximately 0.8 volt across the
phasing circuit in phase with the net-
work voltage. When the phasing voltage
leads the network voltage by 75°, it
requires about 2.0 volts to close the
closing contacts. This voltage at 75°
leading, however, means only a very
small angle between network and trans-
former voltages. This can readily be
appreciated when it is pointed out that
10 volts across the phasing circuit lead-
ing the network voltage by 90° will
throw the network and transformer
voltages less than 5° out of phase.

22. The opening characteristics of the
type CN-33 relay are shown by Curve
No. 2 of Fig. 5. Lines drawn from the
origin to curve No. 2 representin magni-
tude and phase position th¢ liné currents
which will produce aferquejin the' relay
just sufficient to cduse 1t§tripping con-
tacts to make. £The gripping contacts
will also make@nd disconnget the trans-
former from the networkdf the line cur-
rent terminates below the opening curve,
If, however, the line current does not
cross the opening curve but terminates
above it, the relay will close its closing
contactstand maintain them closed as
long @sythepline current amounts to one
orgtwoiper cent of the protector rating.
The curves shown in Figs. 6 and 7 repre-
sent,a small section of the opening curve
justy discussed plotted to much larger

scales in order to show the operation
of the relay on small current values,
such as the magnetizing currents of
network transformers. The magnetizing
current of a 300 Kv-a. transformer bank
will be about 12 amperes per phase mini-
mum at 120 volts and will lag the net-
work voltage reversed between 60 and
76 degrees. A network protector rated
at 1200 amperes would be used with
such a bank, and it will be seen by refer-
ring to the opening curve of Fig. 6 that
the relay will operate satisfactorily to
trip the network protector when excit-
ing current only is flowing.

23. On systems where the voltage of
the primary feeders is fairly high, such
as 11,000 volts or above, the charging
current of the feeder and high témsion
cables must be considered. Whenjthe
station breaker is open this, charging
current will flow through thepnetwork
transformer bank. In suchjeases,there-
fore, the current on which therelay must
operate is not the magnetizing elirrent
of the transformer bank alene, but the
vector sum of the m@gnetizing current
and that part_of the f#feeder charging
current flowidg through,dts associated
protector. #fWhen/the charging current
predominates‘yaver the magnetizing
current, théycurreént on which the relay
must operate 18ja leading reversal rather
than aflagging reversal. By referring
to the'opgning curves discussed, it will
be séen thatgthe relay will operate equal-
lyflas well on leading reversals as on
lagging reversals, providing the leading
reverse current does not exceed approxi-
mately 2509, of the rating of the pro-
tector, even if the current is almost 9#°
out of phase with the network volt-
age reversed.

24. Fig. 8 shows the tripping charac-
teristics of the type CN-33 relay on
current values up to 8009, of the pro-
tector rating, such as are encountered
under short circuit conditions. The bend
in the curve is caused by the saturation
of the current transformers used with
the relay. This bend in the opening
curve at the higher values of current
improves the action of the relay under
certain short-circuit conditions. It will
be noted that this curve is taken with
normal voltage, that is, 125 volts on the
potential coils of the relay, however,
curves taken with small values of volt-
age on the relay potential coils are
essentially the same shape,
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Adjustments and Tests

25. There are only two adjustments to
make on the CN-33 relay, namely, the
overvoltage closing adjustment and the
reverse-current tripping adjustment.

26. The normal rangefof jovervoltage
adjustment as setWat thegfactory is 0.5
to 2.0 volts in_phase‘Wwith the network
voltage or approximately 1.2 to 4.7
volts, 75° leading the network voltage.
This range has been found to be suffici-
ent for most netwerk applications. If itis
ever necessaty the range may be changed
by loosening the mounting screws and
shifting thebuter coil and iron assemblies
individually. Smooth overvoltage clos-
ing‘adjustment within this range is made
By changing the spiral spring tension by
meéans of the geared adjuster, the shaft
of which extends through the front bear-
ing support. The adjuster has a screw-
driver slot in a cupped recess and is in-
sulated from the control circuits to pre-
vent grounds when making adjustments.
The overvoltage adjustment within the
range should be made with all elements
energized as in normal operation. When
making overvoltage adjustments of any
kind the current coils of all energized
elements should be connected across the
secondaries of network current trans-
formers. The rating of the transformers
used will not affect the adjustment.

27. The reverse-current tripping ad-
justment is made by varying the position
of the reverse-current stop or adjusting
screw. To set for small values of reverse
current the adjusting screw should be
placed in the lower tapped hole of its
supporting block, for medium values
it should be located in the middle hole,
and for the higher in phase values up to
109, of the protector rating it should be
placed in the upper hole. Moving the
reverse-current adjusting screw to the
left increases the amount of reverse
current necessary to close the tripping
contactsof the relay and moving it to the
right decreases this amount. When this
adjustment is made, the reverse-current
adjusting screw should be locked securely
in place by means of the thumb nut
provided for this purpose. The reverse-
current tripping adjustment should be
made with current flowing through the
primaries of all three current trans-
formers in series supplying the current
coils of the relay, with all three potential
coilsenergized, and with all three phasing

_
o
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coil circuits short-circuited through the
3100 ohms of their respective phasing
resistors.

28. It should be noted that when the
network protector is closed and carrying
no load, a certain amount of deflection
of the reverse current adjusting spring
may be caused by the potential bias
used to obtain the overvoltage setting.
Thus it is possible with an incorrect
setting of the reverse-current adjusting
screw for the relay to close its tripping
contacts and open the protector when
there is no load current flowing. When
the relay has been properly adjusted
as described and the potential coils of
all elements are energized, a current
of approximately three times the three-
element reverse-current setting is re-
quired through any one current trans-
former to close the tripping contacts.
If the current and potential coils of only
one element are energized, a current of
about eight times the reverse-currcnt
setting is required to close the tripping
contacts of the relay. This value will
vary depending upon the overvoltage
setting used. If the overvoltage setting
is greatcr than 2 volts 75° leading the
network voltage this value will be less,
and if the overvoltage setting is less than
2 volts 75° leading this value will be
more than about eight times. Thesc data
regarding the tripping action of the
relay with one element only energized
are given not as representing a practical
condition, for in practice all three ele-
ments are subjected simultaneously to
magnetizing currents and potential éeil
voltages, but to avoid confusion when
it is desired to check the action,oftany
one element alone. For a given teverses
current setting the currents@necessaty
to close the tripping contacts 6f the
relay will vary practicallylyin Jdirect
proportion to the ratigg ofythe network
current transformers being used.

29. It shouldybe remembered that the
overvoltage &adjustmentyis independent
of the reyerse-current,adjustment, but
the reverse-etirrent adjustment is by no
means independent! of the overvoltage
adjustment. Therefore, the overvoltage
adjustment should always be made first.
With the reldy set to operate on a given
value of current and voltage, increasing
the overvoltage adjustment will mate-
rally®decrease the amount of reverse
current required to close the tripping
contacts of the relay. Changing the
initial tension on the spiral spring will

affect both adjustments. The spring
is adjusted at the factory as described
later and this adjustment should not
be changed except when changing the
overvoltage adjustment.

30. Fig. 9 shows the test diagram which
should be used for checking the ranges
of adjustment and for adjusting the
type CN-33 relay in the laboratory.
The air core reactor, Style No. 491701,
shown on the diagram is designed so
that the voltage drop across it leads
the current flowing through it, and in
this case the potential coil voltage, by
75°. The amount of voltage drop across
the reactor, which is the voltage im-
pressed across the phasing circuit, is
determined by the ammeter showfi in
the circuit and can be adjustedsby means
of the variable resistance load.ly, The
above reactor, which is used Vat “the
factory in making overvoltage adjust-
ments, has an impedange of approximate-
ly 8 ohms. A similar reagtor (Style No.
1059225) having a lower imipedance of
approximately 0.9 ohmyis available, and
its usc will somewh@reduge the range of
currents to be ¢ontrolléd and metcred.
Care mustfBépexerc¢ised’ in mounting the
reactor 40 avoid changing its impedance.
It shouldybe smounted with non-magnetic
matérials away from iron or steel. If it is
desired t@ycheck or change the setting of
thegfelay when one of these reactors is
not available, a non-inductive resistor of
I to(3 ohms resistance may be sub-
stituted for the air core reactor and the
setting made at the equivalent values
of¥in-phase voltage. The equivalent
in-phase voltage setting for any 75°
leading setting is approximately equal
to the 75° leading setting divided by
2.35, as can be determined by referring
to closing curve No. 1-A of Fig, 5 since
the entire curve is raised or lowered
parallel to the position shown by chang-
ing the overvoltage setting of the relay.
The use of the reactor is somewhat pre-
ferable sinee it approximates the usual
operating conditions, and since ammeter
errors and inaccuracies in reading the
meter will introduce a smaller voltage
error than in the equivalent in-phase
adjustment. The resistance of the leads
from the current transformers to the
current terminals of the relay is im-
portant. Each lead should be about 55
inches of 0.081 inch copper wire. The
current transformers used are 600/5
ampere ratio, such as are supplied on
600 ampere, type CM-44, light duty,

13

network protectors. The resistors @ised
for adjusting the current threughdthe
current transformers and reactor should
be non-inductive, This resistance load
bank and the necessary ammeters are
shown in detail in Fig. 10.

31. The followinig isg@gbrief description
of the propemmethoed of testing the type
CN-33 relay. Connéét the relay exactly
as shown it Fig. 99 First, see that the
relay is moufitedpstraight in a vertical
plane and that{the moving element is
free fromifriction. Then check the posi-
tiofilef the jimoving contacts on the drum
shaft. “WThese contacts should move
equi-distant from a vertical line through
the center of the shaft when the drum
is rotated till it strikes its stop in both
directions. Adjust the two stationary
contact screws to dcflect the contact
springs until the back of the contact al-
most touches the main supporting arm
when the drum is rotated to its two ex-
treme positions, Securely lock the con-
tact screws in position by means of their
associated thumb nuts. The end play of
the shaft should be adjusted to approxi-
mately 0.005 inch. This completes the
necessary mechanical inspection.

32. Next, close switches “M”, “A-A.”,
“B-B,",*“C-C.”, “P” to the side marked
2, and “Y"” to the side marked “@V"
and adjust the spiral spring to obtain
the required threc-phase closing adjust-
ment. Any adjustment from 1.2 to
4.7 volts leading the network voltage
75 degrees should be obtainable. The
equivalent adjustment for voltages in
phase with the network voltage will
be approximately the 75 degree lead-
ing value divided by 2.35. This may
be checked by substituting a 1 to 3
ohm non-inductive resistor for the air
cored reactor in the tcst circuit. @nly
in very rare cases should it be necessary
to change the overvoltage closing range
by loosening the mounting screws and
shifting the outer coil and iron assem-
blies.

33. With the ovcrvoltage closing ad-
justment completed, next check the
polarity of each current circuit inde-
pendently. To check the polarity of
the element “A" current circuit close
switches “M"”, “S”, "A-A,", “P"
to the side marked 1 and “Y" to the
side marked “R.C."”  Pass approxi-
mately 25 amperes through the primaries
of the current transformers and see that
the moving contact of the relay moves
positively toward the stationary tripping
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contact. Repeat this polarity check in
a similar manner for elements “B’" and
“C'" using switch “B-B;"” in place of
switch “A-A,"" when checking element
“B"” and switch “C-C," when checking
element “C”. With switches “M”,
“S"”, and ““P” closed as described above
open switch ‘“Y” and close switches
“A-A,”", “B-B,"” and “C-C," and check
the reverse-current tripping range of
the relay. Set the reverse current stop
or adjusting screw in each of its three
tapped holes to deflect the reverse-
current spring or springs so that they
will just fail to throw the moving con-
tact to the closing position when it is
suddenly released from its maximum
tripping position, With the reverse-
current adjusting screw in each of these
three positions close switch “Y" to the
side marked “RC"” and pass enough
current through the primaries of the
current transformers to just make the
tripping contacts of the relay as indi-
cated by lamp “T"”. Currents of more

than 4, 24 and 60 amperes should be
required to just close the tripping con-
tacts of the relay with the reverse cur-
rent adjusting screw in its lower, middle,
and upper tapped holes, respectively.
The sensitive reverse current trip setting
should be made with the adjusting screw
in its lower hole. Pass 1.2 amperes
through the primaries of the current
transformers and adjust the stop screw
so that the tripping contacts just close.
With the relay set to close its tripping
contacts when 1.2 amperes at 180° to
the potential coil voltage is flowing
through the primaries of the 600 am-
pere current transformers, securely lock
the reverse current adjusting screw in
position by means of the thumb nut
provided for this purpose. Then check
the setting by interrupting the cireuit
through the primaries of the current
transformers, closing the circuit again
with all resistance in and graduallyyin-
creasing the current through, the ‘€ircuit
until the tripping contacts make, When

the relay closing adjustment is set for
very small values of voltage, it should
be noted that the drum will not move
far enough for the reverse-current spring
to engage its stop screw until the current
circuit is energized to produce a tripping
torque.

RECOMMENDED SETTINGS

34. Experiencg indi€ates than an over-
voltage closingVadjustment of approxi-
mately 0.8 “Volt imgphase (2 volts 75
degrees leading)‘@nd an in phase reverse
current tripping setting of 0.2 per cent of
the pfoteetor rating are correct for a
majority of protector installations. The
faetory‘adjustments normally are made
at these values. In some cases, however,
it will be necessary or advisable to modi-
fy‘these adjustments to meet particular
conditions, and the relay is provided
with adjustments so that this may be
readily done by the customer. For
example, the magnetizing energy taken
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Fic. 10-—DETAILS OF Leaw BANK AND AMMETERS FOR USE IN SINGLE-PHASE TEST OF THE

by a particular design of transformer
may permit the use of a higher reverse
current setting than recommended
above. In this connection it should
be remembered that the relay should
always be given the highest reverse
current setting which will allow positive
relay operation on reverse eperg¥ flow
when its associated primary . feeder
breaker is opened. This will eliminate
a number of unnecessary network pro-
tector operations and reduce wear and
protector maintenanceg®Fhere®may be
certain locations on [network systems
where, particularly, atftimes of light
load, too freqtient operation of the net-
work protegtors will occtr due to large
fluctuating shunt load§’on the network,
elevator regeneratiod, etc., if the relays
are given the usual sensitive reverse
current setting. Increasing the reverse
current setting of the relays at these
locations to an in phase value equal to
109 0f their associated protector rating
ar'even less will often eliminate the un-
necessary protector operations.

35. Care must be exercised in using
high reverse current settings, The relay

TyPEEN-33 NETwWerK MASTER RELAY.

settings used should be only just high
engugh to prevent too frequent opera-
tion of the network protectors. If only
avfew,protectors associated with each
primary feeder are given a high reverse
eurrent setting, when the station breaker
on a primary feeder is opened those
protectors whose relays have sensitive
settings will trip; then all of the charg-
ing current of the feeder and the mag-
netizing current of the transformers
connected to the feeder will flow from
the network through the few protectors
whose relays have high settings, thus
causing them to open and completely
disconnect the feeder from the system.
Obviously, if the relays on too many
protectors are given high reverse current
settings, there will not be enough current
through each of the protectors to cause
them to trip and the feeder will not be
disconnected from the network.

INSTALLATION

36. The network relays are shipped
separate from the network protector.
This decreases the possibility of damage
to the relays during shipment, Carefully
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unpack and closely examine the relays
to see that none of the parts have been
bent or broken in transit. Inspect the
relays to see that they are free from
friction.

37. The network protector and relays
have each been thoroughly tested and
inspected at the factory. It is advisable,
however, to check the operation of the
two separately or as a unit before they
are placed in service in order to be sure
that none of the parts have been dam-
aged in shipment. The closing and
tripping adjustments of the relays should
be checked as described under ‘‘Tests
and Adjustments” and care should be
exercised to see that all locking, reverse-
current, and contact screws are securely
tightened or locked in place by their
associated thumb nuts. If the protector
and relays are to be tested as a unit
see the Network Protector Instruction
Book. The relays should be transported
from the test department and mounted
on their associated network protector
after the protector has been completely
installed and is ready to be placed in
service, When transporting the relays,
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if they are likely to be subjected to con-
siderable jolts and wvibrations, it is
advisable that they be placed upside-
down to protect the knife-edge bear-
ings. After the relays have been mount-
ed on the protector and their thumb
nuts securely tightened see that all
terminal screws are tight. Before leav-
ing the network protector in automatic
operation check its functioning by
manually closing the relay closing and
tripping contacts. Use an insulated
screw driver for this final test as the
relay contacts are hot. Be sure to re-
place the covers on the relays before
leaving the installation,

MAINTENANCE

38. The construction of the type CN-
33 network master relay has been made
as simple and sturdy as possible. All
parts have been made readily accessible
to facilitate inspection and repairs.
After the relay is properly installed
and adjusted, it will require little atten-
tion. Whenever it is found necessary
to inspect the protector, the relay should
also be checked to see that it is free from
friction and that its contacts are proper-
ly adjusted and not badly burned.

39. A periodic inspection of all net-
work protectors should be maintained
to see whether any units have failed to
close when the feeder to which they
are connected was energized. Such a
failure can be detected either by finding
the protector open or by comparing
records of its operation counter readings.
Failure of the protector to close may bé
due toany of the following causes:

1—Improper voltage conditions, thag
is, the network voltage isfhigher
than the transformer voltage, or
the transformer voltagensis,lagging
the network voltage/sothdt the
phasing relay prevent$ the pro-

tector from closing. Failure to
close because of such voltage con-
ditions does not constitute a faulty
operation,

2—Failure of the network breaker or
its operating mechanism.

3—Failure of the network phasing
relay.

4—Failure of the network master
relay.

40. Failure of the type CN-33 relay
to close under proper voltage conditions
may be due to friction, to dirty or im-
properly adjusted contacts, to an open
phasing circuit, or to too high an over-
voltage closing adjustment. Friction
in the relay may be caused by leads
rubbing on the drum, by foreign magerial
collecting on the damping magnet,)\by:
the inner support of the spiral spring
rubbing on the spring adjuster, 6rgby
an accumulation of dirt om, the“knife-
edge bearings. Should it become neces-
sary to clean the bearings, it 1s advisable
to oil them with less than a“drop of light
mineral oil. Westinghiouse oil%number
6258-3 is recommended. /The silver con-
tacts should befcleaned with'a very fine
file or burnighing tgel. The use of sand
or emery ,papet Should be avoided as
particles may become imbedded in the
silver and_prevent ‘the closing of the
relay comtrolycirctits under minimum
torque \conditions. The possibility of
the gphasing Circuits being opened is
mentioned} not because they are fragile
or likely £0 cause trouble, but because
theyphasing coils are wound with smaller
wire ‘than the other coils in the relay,
and because the phasing resistors may
burn out or be accidentally broken.
‘When a protector has failed to closg,
the relays should be inspected to see that
they are free from friction and that their
contacts are in good condition. The
overvoltage closing adjustments should
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then be checked as described under Ad-
justments and Tests”. If these, are
found to be correct and the phasing relays
is properly adjusted it will be necessary
to look elsewhere for the cause of the
failure. Should the breaker and operat-
ing mechanism also begfound to be all
right, the failure to clgse wasundoubted-
ly due to the voltage conditions which
existed on the system‘at the point where
the protector igfinstalled:

41. Failure of 4 network protector to
open, assuming it has been properly
applied,€ean bejdue only to the failure
of thegbreaker, operating mechanism,
or masterjgelay to function. Should a
protegtor fail to open when its associated
feeder breaker is opened, the fact can
beldetected at once by a voltage indi-
cation on the feeder at the station. The
type CN-33 relay may fail to close its
tripping circuit due to friction, to dirty
or improperly adjusted contacts, to too
high a reverse current setting, or to
a change in its tripping characteristics.
The reverse-current trip setting may
change if the reverse current stop screw
is not securely locked in place by its
thumb nut. If the outer coil and iron
assemblies are not securely fastened
by their locking screws they may be
shifted inward by magnetic forces and
slightly increase the reverse-current
setting. The tripping curve of the relay
would be rotated several degrees counter-
clockwise if the protector auxiliary
switches failed to open the shunt circuits
across a portion of the phasing resistors.
Such a failure is, of course, almost im-
possible on a correctly wired protector.

42. The preceding is not given as a
list of troubles which anyone may ex-
pect to encounter with the type CN-33
relay, but is given merely as a guide to
help in locating the causes of any im-
proper operations of the network pro-
tectors which may occur.
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The Type CN-J Network Phasing Relay
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Fic. 11—Tyre CN-J NETWORK PHASING RELAY.
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CONSTRUCTION

43. The type CN-J network phasing
relay shown in Figs. 11 and 12 is a
single-phase relay which operates on the
induction principle. It is very similar
to the type CN-33 relay. The same
principles of construction are used
throughout, and many of its parts, such
as the moving element, bearings, spring
adjuster, damping magnet, terminals,
and glass cover ate the same as“those
used in the type CN-33 relay. o The
single electromagnet of the typepCN-]J
relay uses the same iron citeuits ‘and
potential coil as does the masterjrelay.
The method of mountingfand shifting
the outer coil and iron assembly jto ob-
tain the range of ovemweltagesfadjust-
ment is also the samefas thatlused in the
type CN-33 relay, Thelphasing relay is
mounted ongthe neétwork protector in
the same m@nnergas is the master relay.

44. The follewing gpoints of construc-
tion embodied ‘inthe type CN-J relay
are not covered 1n the instructions for
the type CN-33 relay. The type CN-J
relay is eQuipped with single-pole,
single-throw contacts of pure silver in-
stead) of double-throw contacts. The
relay*has no current coils and the entire
winding space on the outer iron assem-
bly is thus available for the phasing
coils so that no external phasing resistor
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FiG, 12—TvPE CN-J NETWORK PHASING RELAY.

REAR VIEW OF RELAY REMOVE® FROM BASE

is necessary. A tapped resistor is located
in the relay and cofinegtéd in series with
the potentialieoil. (,Lhe purpose of this
resistof 'i1s tg ‘change the slope of the
closing “curge of the relay. Each tap
on theéyresistor is brought to a separate
terminal “6f, the relay as can be seen by
referring, to Fig. 13. There is only one
terminal | screw for the four terminals
to whieh the resistor taps are connected.
Thé\desired closing curve is selected
and(the terminal screw is located in the
terminal associated with the tap which
gives that curve. Short dummy screws
are screwed into the other three terminals
to keep dust and dirt from entering the
relay base. There is only one set of
terminals, located at the lower end of
the relay, instead of two sets as in the
type CN-33 relay.

OPERATION

45, By referring to Fig. 4 it can be
seen that the potential coil and phasing
coils of the type CN-J network phasing
relay are connected to phase “A’ of
the network protector in the same man-
ner as the potential and phasing coils
of element “A” of the type CN-33 relay.
The operation of the two relays is exact-
ly the same in principle. The type CN-J
relay has different closing characteristics
from the type CN-33 relay. These char-
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acteristics are obtained by means of
specially designed phasing coils and the
tapped resistor connected in series with
the potential coil.

46. Fig. 14 shows the normal operating
characteristics of the type CN-J relay.
The relay may be adjusted to have
closing characteristics similar to any
one of the four curves shown, namely,
No. 6, No. 7, No. 8, or No. 9. The net-
work voltage, which is the voltage from
ground to line “A" on the network side
of the protector, is shown with the line
potential end of the vector at the origin.
This voltage vector could not be shown
in its entirety because of the large scale
used. Lines drawn from the origin to
one of the curves represent in both
magnitude and phase position the phas-
ing voltages which will produce a torque
in the relay just suflicient to cause its
contacts to close. Any phasing voltage
which does not terminate on or to the
left of the curve in the zone marked
“close’” will produce a relay torque
to maintain the relay contacts open.
It will be noted that the relay will keep
its contacts closed when the phasing
voltage is reduced to zero if a closing
adjustment is used similar to that used
when these curves were taken. The
curves may be shifted parallel to them-
selves either to the right or left by means
of the spring adjuster, however, if this is
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found to be desirable. The relay is con-
nected in the factory to have a charac-
teristic similar to that shown as Curve
No. 8 and given a similar adjustment.
Any of the closing characteristics shown
by Curves No. 6, No. 7, No. 8, and No. 9
can be obtained by placing the terminal
screw in any one of the terminals 6, 7, 8
or 9 shown in Fig. 13. For example, if
the terminal screw is placed in terminal
8 the relay will have closing characteris-
tics as shown by Curve No. 8 of Fig. 14,

47. The operation of the type CN-]J
relay in conjunction with the type CN-33
relay can best be explained by referring
to Fig. 15 which illustrates the closing
characteristics of both the CN-]J and
CN-33 relays. Curve 1-A illustrates
the closing curve of the type CN-33
relay, which is discussed in the instruc-
tions relating to the type CN-33 relay,
and Cuve No. 8 illustrates the closing
curve of the type CN-]J relay. The area
which lies in the “closing” zone common
to both of these two curves is shaded.
Thus a phasing voltage, such as Ey which
terminates in this shaded area will cause
the type CN-]J relay to make its contacts
and the type CN-33 relay to make its
closing contacts and thus cause the net-
work protector to close. The current
which will flow through the protector
when it closes will lag the phasing voltage
across the open protector by an angle
approximately equal to the impedance
angle of the system, and for a particular
system this current may be as shown
by the vector 1;. By noting the position
of I; with respect to the network voltage
and referring to curve No. 2 of Fig, 5
it will be seen that such a currentjwill
keep the type CN-33 relay closing Con=
tacts closed and thus the operation of
the network protector will be stable. Al
phasing voltage, such as E, howeyer,
if the protector were mandally/ closed,
would cause a current dy, to flow through
the protector; and by refersing“@gain to
Curve No. 2 of Fig.'5 it awill bgseen that
this current would, cause thegype CN-33
relay to make 1ts{ tripping contacts.
The phasing voltage “Bg, lying on the
closing side of the Curve No. 1-A, causes
the type CN-33 relay to make its closing
contacts., Thus if $he type CN-33 relay
alone controlled the network protector,
the pfotector would pump under this
condition, The type CN-J relay will
ndt, clése its contacts, however, when
acted, upon by a phasing voltage such
as By pand since the contacts of the two

relays are connected in series and must
be closed at the same time in order to
allow the network protector to close,
it will be seen that the type CN-]J relay
prevents pumping due to phasing volt-
ages which appreciably lag the network
voltage. It may be similarly shown that
the closing characteristics of the type
CN-33 relay prevent pumping from
occurring when the phasing voltage
leads the network voltage by more than
90*. It should be noted that the closing
curve of the type CN-33 relay is such
as to prevent the protector from closing
under crossed-phase conditions, while
the type CN-J relay used alone would
allow the protector to close under cer-
tain crossed-phase conditions.

48. Under certain conditions a faitly
large and very low power fagtor load
may be carried by adjacent ‘metwork:
protectors and cause the phasing voltage
E; to exist across the protéetorjunder
consideration. It will bél seen, since
this phasing voltage Egyfallshon the
opening side of Curve/No/8that under

this condition the phasing relay would
prevent the protector from closing,QlIn
the event it is desirable to have the
protector close so that its associated
transformer can assist in carrying, the
load, Curve No. 7 may be used for the
type CN-J relay so asfto allew the pro-
tector to close if sueh a‘éhange in charac-
teristics will not cadse pumping. It
is to take carefoffsuch?more or less
special cases that/ the¥tapped resistor
is provided ifjthe phasing relay to change
its closing charagteristics.

ADJUSTMENTS AND TESTS

49, @There 18 only one adjustment to
make onjthe type CN-]J relay, namely,
thel ‘Qwervoltage closing adjustment.
This adjustment is made by means of
the geared spring adjuster by rotating
the adjuster pinion with a screwdriver as
in the CN-33 relay. The range of over-
voltage closing adjustment is set at the
factory at 0 to 1.5 volts leading the
network voltage 75 degrees with the re-
sistor terminal screw in terminal No. 6.
This range is suflicient for practically all
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applications; if it is necessary to use
settings outside of this range the range
can be changed by shifting the outer
coil and iron assembly.

50. Fig. 16 shows the test diagram to
be used for checking the range of adjust-
ment and for adjusting the type CN-J
relay in the laboratory. The air core
reactor shown in the diagram is similar
to the 75° air core reactor used in testing
the type CN-33 relay, and has an im-
pedance of approximately 8 ohms. The
amount of voltage drop across the re-
actor, which is the voltage impressed
across the phasing coils, is determined
by the ammeter shown in the circuit
and can be adjusted by means of the
variable resistance load. Care must be
exercised in mounting the reactor to
avoid changing its impedance. It should
be mounted with non-magnetic ma-
terials away from iron or steel.

51. The following is a brief description
of the proper method of testing the
type CN-J relay. Connect the relay
exactly as shown in Fig. 16. First, see
that the relay is mounted straight in a
vertical plane and that the moving
element is free from friction. Then

check the position of the moving contact
on the drum shaft. The contact should
move through equal angles on each side
of a vertical line through the center of
the shaft when the drum is rotated till it
strikes its stop in both directions. Ad-
just the stationary contact screw to de-
flect the contact springs until the back
of the contact almost touches the main
supporting arm when the drum is rotated
counterclockwise to its extreme position.
Securely lock the contact screw in this
position by means of its associated
thumb nut. See that the inner spiral
spring support cannot touch the spring
adjuster. The end play of the drum,
shaft should be adjusted to approximate-
ly 0.005 inch. Rotate the spiral spring
adjuster until the moving contact{arm
comes to rest with contacts justyopen,

52. The range of overyoltage ‘adjust-
ment of the CN-J relay can béwehecked
in the following mannén:gwithythe relay
completely deenergized “Gincrease the
closing tension, beyond the p@int where
the contacts just close, By, 14 turn of the
screwdriver adjuster. ¥ hen’close switch-
es B, L and M and/increase the current
through the reactor,until the contacts
just clgSe. The corresponding phasing

voltage (drop in the reactor) is |the
maximum limit of the overvoltagefad-
justment range. Open switch L and it
should be possible to increase the spring
tension until the relay contact®will again
just close. Thisgeorresponds to zero
phasing voltage.

53. To make‘the desired phasing volt-
age settinggmmovelthe terminal screw
located inf terminal No. 6 to the terminal
to givethe desired phase angle character-
istics—terminal No. 8 is recommended
forsthe usuabapplication—and make the
overvoltage setting of the type CN-J
relaypin the following manner. Close
switches B, L and M and adjust the
current through the reactor to give the
desired phasing potential. Then adjust
the spring tension so that the contacts
just close. It is recommended that the
phasing relay be adjusted to close at ap-
proximately zero volts. If the phasing
voltage setting is nearly zero the adjust-
ment should be checked by closing
switches B, R and M and determining
the voltage 75 degrees leading the net-
work voltage reversed that causes the
relay contacts to just open. This voltage
should not exceed0.15 volts. This recom-
mended adjustment gives a value of
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phasing voltage necessary to close the
type CN-J relay contacts practically
equal to zero, and still insures that the
contacts will remain closed when the
network protector is closed and carrying
load. This will prove to be the best
adjustment for most network systems.
However, if it is found desirable to give
the relay an adjustment which will re-
quire a negative value of phasing voltage
leading the network voltage to close its
contacts, it will be necessary to change
the range of overvoltage by shifting the
outer coil and iron assembly and then
malke the exact setting with the spiral
spring adjuster. In no case should the
spring tension be less than one-quarter
turn of the adjuster pinion as this much
tension is necessary to insure closing of
the relay contacts on a dead network.

INSTALLATION

54. The type CN-] relay is shipped
separate from the network protector.
This decreases the possibility of damage
during shipment. Carefully unpack and
closely examine the relay to see that
none of its parts have been bent or
broken in transit. Inspect the relay to
see that it is free from friction. It is
advisable to check the closing adjust-
ment of the relay as described under
“Tests and Adjustments’’, and be sure
that the locking, contact, and terminal
screws are securely tightened or locked
in place.

55. The relay should be mounted on
the protector after the protector has
been completely installed and is ready
to be placed in service. When trans-
porting both the type CN-] and the
type CN-33 relays from the test depart-
ment to the point of installation the
moving element of each relay should be
locked with a rubber band placed
around the counterweight and across
the front bearing plate to the stationary
contact screw at the left of the moving
contact. If the relays are likely to be
subjected to considerable jolts and
vibrations when being transported, it is
advisable to place them upside-down to
protect the knife-edge bearings. After
the relay has been mounted on the
protector and its thumb nuts securely
tightened remove the rubber band @sed
to lock the moving element, see that
the moving element rotates freely and
replace the glass cover on the relay.

MAINTENANCE

56. The construction of tHeitype CN-J
network phasing relay has beéen made
as simple and sturdy /s pessible. All
parts have been made ‘reddily accessible
to facilitate Jdnspection‘Qafid repairs.
After the reldy is properly installed and
adjusted, ity williréquire little attention.
Whenever it 1siffoundinecessary to inspect
the protector, theyrelay should also be
checked to seethat it is free from friction
and that”it§ contacts are properly ad-
justefl’and net'badly burned.
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57. As explained in the instructions
covering the type CN-33 relay a periadic
inspection of all network protectors
should be maintained to see whether
any units have failed to close whefirthe
feeder to which they are connected is
energized. The failurg ofga type CN-]
network phasing relay to_elose under
proper voltage conditions, may be due to
friction, to very dictyder improperly ad-
justed contacts, of to an improper over-
voltage closing, adjustment. Friction
in the rélay may”be caused by leads
rubbingmpon Uthe drum. by foreign
material collecting on the damping
magnety by the inner support of the
§piraly spring rubbing on the spring
adjuster, by an accumulation of dirt on
themknife-edge bearings, or by a light
sticky deposit on the drum stop and the
points where it makes contact with the
rear bearing plate. It is very unlikely
that dirty or improperly adjusted
contacts will ever cause the relay to fail
to complete its contact circuit unless the
adjustment is such that the contacts
actually fail to touch.

58. The preceding is not given as a list
of troubles which anyone may expect
to encounter with the type CN-] relay,
but is given merely as a guide to help in
locating the causes of any improper
operations of the network protectors
which may occur.

(




Westinghouse 1ypes CN-33, CN-J and SR-2 Network Relays

Type SR-2 Voltage Restraining Relay
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Fi1G. 17—TyPE SR-2 VOLTAGE RESTRAINING RELAY,
FroNT VIEw wiTH COVER OxN.
CONSTRUCTION

59. The type SR-2 voltage restraining
relay shown in Figs. 17 and 18 is a
three phase voltage device used to make
the type CN-33 relay insensitive to
small power reversals under normal
system conditions and sensitive under
short-circuit conditions. The type SR-2
relay consists of a single plunger type
voltage relay, a positive sequence
voltage filter, and three tapped resistors
all mounted in one case. Thelplunger
type relay is a high drop-outfover-
voltage relay which closesftwo sets” of
silver contacts when it picks up.) The
two moving contactsgmare “@ofinected
together so that they are ¢electrically
one. Weights are,added on/the bottom
of the movable plinger to vary the
minimum voltagesat whieh the contacts
close. Adnumber of extra weights are
located in the relayfcase to be used in
adjusting the piekfup voltage should it
be desired to change the standard
setting of the relay. The positive
sequence voltage filter consists of an
autetransformer tapped at approximate-
lynitsamid-point, a resistor, and a re-
actor. © The resistor and reactor in
séries have a combined impedance angle
of 60°. The voltage drop across the
resistor is equal in magnitude to the

RESTRAINING
RESISTORS -

voltagedwhich appears across half the
autotransformmer. When the filter is
properly ‘econnected to a positive se-
quence voltagelsource, the voltage across
halffthe autetransformer and the drop
adross theéyresistor add together at 60°.
The (resultant voltage is proportional
to the positive sequence voltage applied
to the terminals of the filter. When
only negative sequence voltage is applied
to the filter the drop across the resistor
is 180° from the autotransformer voltage
so that the two cancel and give zero
voltage across the coil of the voltage
relay. The three tapped or restraining
resistors are connected between the
contacts of the voltage relay and the
relay terminals as shown in Fig. 1e.
This figure also shows how the positive
sequence voltage filter and the relay coil
are connected inside the relay case.

60. The case and terminal construction
of the SR-2 relay is similar to that used
in the type CN-33 and type CN-J
relays. The cover consists of a flat steel
plate with a circular glass window in it
through which the relay contacts are
visible, The relay is mounted on two
studs and held securely in place by two
thumb nuts which when tightened force
the terminal screws firmly into engage-
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FiG. 18—TvyPE_SR-2 VOLTAGE RESTRAINING RELAY
FroNT ViEw wiTH COVER REMOVED.

ment with their associated terminal
jaws on the protector,

OPERATION

6l. The way in which the type SR-2
voltage restraining relay operates to
render the type CN-33 relay and its
associated network protector insensitive
to small power reversals under normal
system conditions and sensitive under
short-circuit conditions can best be
described in connection with Fig. 20.
When the network protector is open the
simultaneous closing of the type CN-J
relay contacts and the closing contacts
of the type CN-33 relay energizes the
operating coil of the closing contactor or
type SG relay. ®ne set of the SG relay
contacts shunts the contacts of the
CN-J and CN-33 relays, thus sealing
the SG relay in the energized position,
and the other set of contacts completes
the circuit of the closing motor. When
the protector closes, its cut-off switch
deenergizes the operating coil of the SG
relay which drops out, thus deenergizing
the closing motor and removing the
shunt around the closing contacts of the
CN-J and CN-33 relays. Two of the
terminals of the positive sequence
voltage filter in the SR-2 relay, namely,
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terminals No. 8 and No, 9 are perma-
nently connected to phases ‘“‘B" and “C”’
respectively of the network protector.
The closing of the protector connects
the third terminal, namely, terminal No.
7 of the filter through an auxiliary switch
on the protector to phase ““A’. This
places normal voltage on the positive
sequence voltage filter and causes the
voltagerelay of the type SR-2 to pick up
and close its contacts. The closing of
these contacts connects the phasing
coils of the type CN-33 relay in star
through the tapped resistors of the type
SR-2 relay, so that the phasing coils
acting in conjunction with the CN-33
relay potential coils produce a restrain-
ing torque which holds the closing
contacts of the type CN-33 relay firmly
closed. In order to overcome this
restraining torque additional current
must be passed through the current coils
of the CN-33 relay in the reverse direc-
tion before its tripping contacts can
close. The amount of reverse current
necessary to overcome the restraining
torque and trip the network protector
can be adjusted by changing taps on
the resistors in the type SR-2 relay,
which varies the amount of current
through the phasing coils of the type
CN-33 relay.

62. Only three terminal screws are
supplied in the upper terminal block of
the type SR-2 relay. The other three
terminals are provided with short
dummy screws to keep dust and dirt
from entering the relay base. With
these terminal screws located in termi-
nals No. 1, No. 3, and No. § all of each
tapped resistor in the SR-2 relafy ds
connected in series with a phasing circuit
of the CN-33 relay. Under thigge6n-
dition an in-phase reversal of approxi-
mately 209, of the protector rating, is
required to close the trippidg contacts
of the type CN-33 relay. By placing
the three terminal gserewspin “terminals
No. 2, No. 4 and NO. 6 only ajportion of
each tapped resigtor ingthe SR-2 relay is
connected in series{ withd'a phasing
circuit of the CN-33 reldy, and an in-
phase reverse current setting of approxi-
mately 409, of the protector rating is
obtained. Theopeding curveof the type
CN-33 when the type SR-2 relay is in
the nezmally energized position, so
that the)CN=33 relay phasing coils are
functiGning, as restraining coils, is
shown in Fig. 21. The SR-2 relay pro-
vides, ‘these in-phase reverse current

setting of 209, or 409, when the type
CN-33 relay has the usual sensitive
reverse current setting of 0.2 to 0.39 of
its protector rating. If the in-phase
reverse current setting of the type
CN-33 relay is increased by means of its
reverse current adjusting screw to 109},
the 209, and 409, settings obtained
with the type SR-2 relay will increase to
approximately 309, and 509, respective-
ly. Thus by taking advantage of the
adjustments and settings provided on
the type CN-33 and type SR-2 relays
and in-phase reverse current setting
between approximately 0 to 109, 20 to

30%, or 40 to 509, of the protegtor
rating can be secured.

63. Having selected the reverse current
setting desired and placed the terminal
screws in the proper terminals no 6ther
setting or adjustment ofgthe type SR-2
relay will ordinarily (begfrequired in
service. The relayfis adjusted at the
factory to pick up on“about 95% and
drop out on 909, jof, normal positive
sequence voltage: fThe pick-up voltage
can be changed, however, if necessary
by changing thegynumber of weights
attached tothemovable plunger. The
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pick-up voltage can be varied in this
manner over a range of about 75% to
96% of normal voltage when used on
120/208 volt network system. When
the pick-up voltage is changed the drop-
out voltage will also change. The latter
in all cases will be approximately 949
of the former.

64. When a fault occurs on any phase
or phases which appreciably affects the
system voltage at the protector the
positive sequence voltage at that point
will be reduced. A reduction of about
109 in the positive sequence voltage
will cause the type SR-2 relay to open
its contacts and deenergize the phasing
coils of the type CN-33 relay, thus
reducing the restraining torque to zero
and restoring the master relay to its
sensitive condition as shown by the
opening curves of Figs. 5, 6, 7 and 8.
This puts the network protector under
the control of a sensitive directional
relay which will operate quickly and
positively to trip if the fault is so located
as to cause a reversal of power through
the protector.

OrrRATING MECHANISM

65. The SR-2 relay is connected in the
protector control circuits as shown in
Fig. 20. As long as the rclay terminals
arc fully into their proper
places, the SR-2 relay renders the pro-

screwed

tector insensitive to reversed currents
according to the location of the terminal
screws in thc upper terminal block. The
protcctor can be restored to continuously
sensitive opcration by simply removing
the SR-2 relay from the protector, or by
removing two of the three screws 7, 8
and 9. When using thc type SR-2 relay
it is ess2ntial that the protector be con-
nected to the system with the phasx
rotation as shown in Fig. 20. Phase ‘' A"
in this figure is the left hand pole when
facing the protector.

ADJUSTMENTS AND,TESTS

66. The only adjustmientnecessary
on the type SR-2 relay i§pthat of the
minimum voltage at@which 1ts contacts

close. This is made, by“adding weights

SRk-2 RELAY

to the movable plunger. The re€om-
mended setting is 959 of nemmal/net-
work voltage, and can best be made by
energizing the relay with balanced
three-phase voltages as indicated in Fig.
22, Switches “M" and “Y" should be
closed for this gést. With the relay ad-
justed to ¢lose \itsfeontacts on 959 of
normal 120/208, voltssdt should just open
its contactsgwheniythe balanced voltages
are reduCed /tepabout 909 of normal.
The statiofiary contacts of the relay
should“be adjusted so that they make
simatltaneously with the moving contact
as indicated by the two lamps. The
stationary contacts must also be placed
to limit the total travel of the plunger
toyapproximately 14 inch and to give an
initial contact gap of 1/16 inch. The
leads to the moving contact must be
sufficiently long and flexible to avoid
interference with the movement of the
plunger.

67. A proper balance of the positive
sequence voltage filter parts can be
checked by energizing the relay with a
balanced negative sequence voltage.
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P16. 22—TEST CeNNECTIONS ¥OR THREEPHASE TEST AND ADJUSTMENT OF THE TYPE

This can be done by closing switches
“M" and “Z" and adjusting all voltages
as read on the voltmeters “V” to 120
volts. Then measure the voltage from
the autotransformer tap to the connec-
tion between the filter resistor and
reactor, that is, the voltage across the
coii of the plunger relay, with a high
resistance voltmeter.  This voltage
should not exceed 5 volts. If this value
of voltage is appreciably exceeded. the
balance of the three-phase wveoltages
should be checked. Shouldgthe filtef
output still be too high with balanced
three-phase voltages this is an‘indication
that the autotransformer, reactor, re-
sistor, or some of, their, connections is
defective.

INSTALLATION

68. The type SR-2 relay is shipped
separate from ‘the metwork protector.

SR-2 VOLTAGE RESTRAINING RELAY.

This decreases the possibility of damage
duringy, shipment.  Carefully unpack
and closely, examine the relay to see
that nene of its parts have been bent or
broken Antransit. Inspect the relay
to_see that/the plunger moves freely and
that theleads to the moving element are
smooth| and arranged to avoid inter-
feremée with the motion of the contacts.
See that the contacts are properly ad-
justed. It isalso advisable to check the
minimum pick-up and drop-out voltage
setting of the relay as described under
“Tests and Adjustments”’. Be sure
that the three upper terminal screws
are in the correct terminals, that is,
Nos. 1, 3 and S or Nos. 2, 4 and 6 de-
pending upon the desired reverse cur-
rent setting. All terminal screws
and cover screws should be securely
tightened. The relay should be mounted

27

on the protector and securely fastened
in place by means of its two thumb nuts
after the protector has been completely
installed and is ready to be placed in
service,

MAINTENANCE

69. The plunger and contacts of the
type SR-2 voltage restraining relay are
practicallv the onlv parts that will
require attention. Buring each periodic
inspection of the network protector the
relay contacts should be examined to
see that they are clean and properly ad-
justed to closeat the same time. Move-
ment of the plunger should be checked
to see that it is free from obstructions.
The leads to the moving contacts must
be flexible and long enough to avoid
interference with the movement of the
plunger.
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70 RENEWAL PARTS DATA
NETWORK RELAYS

The following is a list of the Renewal Parts and the quantities of each that we recommend should be stocked by the user of this apparatus to mini-
mize interrupted operation caused by breakdowns. The parts recommended are those most subject to wear in normal operation or those sub_\ect to dam-
age or breakage due to possible abnorinal conditions. This list of Renewal Parts is given only as a guide. 'When continuous operation is a primary con=
sideration additional insurance against shut-downs is desirable. Under such conditions more Renewal Parts should be carried, the amount depénding
upon the severity of the service and the time required to secure replacement.

Recommended Stock of Renewal Parts

pe CN-33 Network Master Relay
FOR ILLUSTRATION OF PARTS SEE FIGS 1 AND 2

Relaysinuse upto andincluding. ................ ... ... ... i | 1 ; 5

Fig. i Style No. ! No. Recommended

No. Name of Part 1 of Part | Req, For Stock
1 Relay Complete. ... ..vuuuie ot Plam Style Sub A and B Style 1 0 0
1 Terminal Screw . 009 350 1 009 350 18 0 0
1 Moving Contacts .. 1 009 341 1 009 341 1 0 0
1 Moving Contact and Support ......... . 5 61649 5 d 649 2 2 4
1 Reverse Current Spring (131" Long}.. 939 386 939 386 1 0 1
1 Reverse Current Spring (1 n” Long). 939 387 939 387 1 0 1
1 Reverse Current Spring (134’ Long). 939 388 939 388 1 0 1
* Spiral Spring. ...... .. o i 1 095 879 1 095 879 1 0 1
i Stationary Tripping Contact. . .. 1 009 340 1 009 340 1 1 2
1 Stationary Tripping Centact Thumb Nut. ... .00 . 559 072 559 072 1 0 0
1 Overveltage Adjusting Pinion........ ... .. .. —_—— 1 096 308 1 0 0
# Overvoltage Adjusting Screw............ . 1 009 332 — 3 0 0
1 Glass Cover.......c.ovuuienive e .. 1 000 829 1 000 829 1 0 0
1 Cover SCrew. ... ..c.vveeieinaneni.. 1 009 317 1 095,855 2 0 0
1 Meulded Terminal Plate. . .......... .. 1 001 773 1£001°273 2 0 0
1 RS . L e e e 939 385 939 385 1 0 0
1 Stationary Closing Centact . . 1 009 340 1009 340 1 1 2
1 Stationary Closing Centact Thumb Nut.. . 559 072 589,072 1 0 0
1 Spiral Spring Adjuster. . ....... ... . ... .. 1 009 335 1 0967300 1 0 : 0
1 Frent Bearing Plate........................... .. 1 009 342 19009 342 1 0 0
1 Front Bearing Plate Insulating Cever.. .. e ~ 1 095 855 1 0 0
1 Reverse Current Adjuxtmg Screw. . 1 009 344 1 095 856 1 0 0
2 Current and Phasing Ceils and Tron {60 C\cles) 937 711 #0096 760 3 0 0
2 Current and Phasing Coils and Iron (50 Cycles) .. 1 094 869 1 096 761 3 0 0
2 Drum with Moving Eiement Stop............... 1,009 349 1 009 349 1 0 0
2 Rear Bearing Plate with Statnonary Stop. .. .. ¥ 009,346 1 009 346 1 0 0
* Potential Coil and Iron (60 Cycles). ... ......... .. 937 712 937 712 3 0 i 0
* Petential Coil and Iren {50 Cycles).. . 9380657 938 657 3 0 ! 0
2 Moulded Terminal Block.. Cee . .. 14001 7.4 1 001 774 2 0 ! 0
2 Damping Magnet. ... ... . e 17009 353 1 009 353 7] 0 ! ]

* Net illustrated. e — Not used.
7 Required 1 for plain and Sub A and 2 for Sub B Style.
Parts indented are included in the part under which they are indented.

Type CN-J Network Phasing Relay
FOR ILLUSTRATION OF PARTS SEE FIGS. 11 AND 12

11 Relay Comglete ................................................ Piain Style Sub A Style 1 0 0
11 \Iavmg ontact. ... ... L. 1 009 359 1 009 359 1 0 0
11 Moving Contact and Support. . . 561 649 561 649 1 1 2
11 Statienary Centact.............. . ¢ .. 1 009 340 1 009 340 1 1 2
11 Stationary Contact Thumb Nut. . PN 559 072 559 072 1 0 0
11 Glass Cover. . 1009 829 1 009 829 1 0 0
11 Phasing \olmge Ad]ustmg Pm B 1 096 308 1 0 0
* Phasing Voltage Adjusting Serew. ., P 1 009 332 Bttt 1 0 0
11 Moulded Terminal Plate.................... 1 001 773 1 001 773 1 0 0
11 Spiral Spring Adjuster. ... ................./ < 1 009 335 1 096 300 1 0 0
11 Front Bearing Support.. ...................} 1 009 342 1 009 342 1 0 0
11 Front Bearing Support Insulating Plate. .. m. _— — 1 095 855 1 0 0
11 Base.. ... AT 939 384 939 384 1 0 0
11 Terminal Serew......................0L.. 1 009 350 1 009 350 6 0 0
12 Moeunting Plate. .. ... ..o @ b 1 009 357 1 009 357 1 0 0
12 Drum with Moving Element Stop . 1 009 349 1 009 349 1 0 0
* Potential Coil and Iren (60 Cycles) . . ..., 1 08 327 1 008 327 1 0 0
* Petential Coil and Iron {50 Cycles)l.”. . . " . - 938 658 938 658 1 0 0
12 Rear Bearing Plate............&....... 0. 1 009 346 1 009 346 1 0 4]
12 Tapped Resistor (60 Cycle Relays) . .. ... .. 1 002 290 1 002 290 1 0 1
12 Tapped Resistor (50 Cycie Relags) . . ... .. 1 003 922 1 003 922 1 0 1
12 Phasing Ceil and Iron..... ... . Y. 937 710 1 096 759 } 1 0 0
12 Moulded Terminal Block, ... . . .. oo 1001774 1 001 774 i 1 0 0
* Net illustrated. — — — Not used.

Parts indented are included in the part under whxch they are indented.

e SR-2 Voltage Restraining Relay
FOR ILLUSTRATION OF PARTS SEE FIGS. |7 AND 18

Relaysinuse up to and fmeludingal . ... L0 . . .. ... L e 1 5
Fig. ! Style No. No. Recommended
No. Name)of Part of Part Req, For SBtock

17 Relay Comipletl. . ... .. et i e e . 937 185 1 0 0
18 Single Phase Volta.ge Relay R 1 0 0
18 Meving Centagt. . R 819 792 1 1 2
* Shunt. ... . 724 041 1 0 0
* Coil........ 5 ..., 703 435 1 0 1
18 Stationary Contact 819 793 2 2 4
17 Metal Cover with (;lass Window. . 939 391 1 0 0
17 Glass Window. . . e . . .. 376 740 1 0 0
17 Base.. . &0 .. .. ... . .. 939 390 1 0 0
18 Moulded Terminal Plate (Top)....... I 939 392 1 0 0
18 Moulded Terminal Plate (Bottom) ... 939 393 1 0 0
18 Restraining Resistor............... .. 723 989 3 L] 1
18 Reactor., co.oeoovonnn s p 724 024 1 0 0
18 Autotransformer. .......... 724 025 1 0 0
18 Filter Resistor (1150 Ohms) 407 279 1 0 1
18 Terminal SCrew. .o uovereeuenuien.. PN 1 009 350 6 G 0
18 Extra Weights for Adjusting Pick-Up.. 780 812 3 0 0

#pNab illustrated.
Parts indented are included in the part under which they are indented.
ORDERING INSTRUCTIONS
When ordering Renewal Parts, always specify the name of the part wanted as shewn on the illustrationsin this Instruction Beok, giving Style Number,
and the type of Relay as shown on the nameplate. For Example: One Moving Contact, Style No. 819792, for Type SR-2 Network Relay, Style No. 937185.
To avoid delays and misunderstandings, nete carefully the following points:
1. Send all correspondence and orders to the nearest Sales Office of the Company.
2. State whether shipment is to be made by freight, express or parcel pest, In the absence of instructions, goods will be shipped at our discretion.
Parcel post shipments will be insured only on request. All shipments are at purchaser’s risk.
3. Small orderssshou’d be combined so as to amount to a value of at least $1.00 net. Where the total of the sale is less than this, the material will be
invoiced at $1.00

)
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VVestinghouse

Types CN-33, CN-J and BN Network Relays

1. The types CN-33, CN-J, and BN
relays have been designed to control the
operation of the types CM-22 and CM-44
network protectors which are used for
the control and protection of low voltage
alternating-current network systems. A
low voltage a-c. network system is an
interconnected grid or mesh of low volt-
age mains, from which the customers’ser-
vices are taken, supplied through a num-
ber of network transformer banks over
two or more high voltage feeders. Net-
work protectors are connected in the
secondary leads of all network trans-
former banks to provide means for dis-
connecting any high voltage or primary
feeder and its associated network trans-
formers from the secondary grid or
network.

2. The characteristics of the type CN-
33 network master relay are such that
it will operate to close the network pro-
tector when the voltage on the trans-
former side of the protector is approxi-
mately equal to or greater than and
substantially in phase with the voltage
on the network side of the protector,
and to trip the protector when the flow
of power through the protector is re-
versed, that is, the flow is from the net-
work to the transformer bank. For
some systems the above characteristics
are satisfactory and only the type CN-
33 relay is necessary to control the net:
work protector. On most systems, how-
ever, it is necessary to use pthe “type
CN-]J relay in conjunction with the type
CN-33 to prevent the networkgprotectos
from closing under voltage' conditions
which would produce a reversal of power
when the protector closédthus causing
it to immediately reopen. Suchirepeated
closing and openingjef the network pro-
tector withoutfany changes in load and
voltage conditionsf6n the’system other
than those ‘produiced by the operation
of the protectoriggrefefred to as pumping.
All type CM-22 and CM-44 network pro-
tectors are normally supplied with both
the type CN-33 and type CN-J relays.
TheyCN-] phasing relay can be omitted,
however, if the protectors are to be
installed, on a system where it is defi-
nitely known that voltage conditions
cannot exist which might cause pumping.

General Application

3. Even though pump-proof network
protectors controlled by type CN-33
network master relays and type CN-J
network phasing relays are used a large
number of unnecessary protector opera-
tions may occur at certain locations on
any network system, usually at times
of light load on the system. These un-
necessary operations may be due to the
starting and stopping of regenerating
elevators or to differences in primary
feeder voltages coupled with large
fluctuating loads on the system, such
as large motors which may be started
at frequent intervals. While\injymost
cases the type CN-33 is set to trip“its
associated network proteCtofaen an in-
phase reversal equal to, about, 0.29 of
the ampere rating of the protectas, it is
possible to increase the reverselcurrent
setting of the standard“€N-33 relay to
a value equal to 40%)0of the protector
rating. An_in-phase fteverse current
setting of10%\of thedprotector rating
in ampefes or less will eliminate a large
number of‘annecessary protector opera-
tions. ‘There will be some cases, how-
ever,gwherefya higher reverse current
setting /Isinecessary to prevent a pro-
tector(from opening on these frequent
reversals of power which may occur at

Terminal Sorew e
Moving Contacts .
- Stationary T:j‘i}?ﬁingr Contact
Mounting l'l&f«
O»enalgage Adjusting

Pinion
Current and Phasing Ceil .
Assembly Mounting Screws

Reversed Current Springs
Captive Cover Screwd

Glass
Cover

times of light load. To take caré of these
cases, a type BN timing relay should be
added to the protéctord This relay can be
set to delay semsitive tripping operations
of the CN-33 relay, (that is, all tripping
operationspelowmfull-load current) from
oneto fivemidutes and yet permit instan-
taneousitripping’ of the associated pro-
tector whenyseverse currents exceed full-
load “magnitude. These features pro-
yidéy a ready means for eliminating
excessive numbers of protector opera-
tions without sacrificing the sensitive
tripping characteristics of the master
reldy. However, the timing feature may
be entirely eliminated to permit reverse
currents of less than full-load magnitude
to flow continuously through the protec-
tor if desired. All types CM-22 and CM-
44 protectors are provided with the
necessary wiring and mounting facilities
for the type BN relay so that the relay
can be easily installed on the protector
should the need for it develop.

4. When controlled by one or more
of the above mentioned relays the net.
work protector should function satisfac-
torily under all conditions which may
be encountered in service. A detailed

description of the construction, oper-
ation, and adjustment of each of the
above three relays is given in the follow-
ing pages.

Fic 1—Tyrg CN-33 Network MASTER RELAY. FRONT VIEW WITH
Grass CovER REMOVED,



Westinghouse Types CN-33, CN-J and BN Network Relays

Type CN-33 N

CONSTRUCTION

5. The type CN-33 network master
relay shown in Figs. 1 and 2 is a three-
phase relay which operates on the in-
duction principle. Its moving element
is large and sturdy. This drum is car-
ried on a horizontal tool steel shaft
which rotates through a 15 degree angle
on sturdy tool steel knife-edge bearings.
Since this type of bearing can be placed
at the exact center of the shaft friction
is reduced to a minimum. The con-
struction is similar to that used in sensi-
tive platform balances. Heavy phosphor
bronze retaining rings encircle the ends of
the drum shaft to prevent its being
thrown off the knife-edges during heavy
torque conditions. The knife-edges ex-
tend upward to avoid the danger of
having dirt accumulate between the
bearing surfaces. End thrust is taken
care of by means of flat polished
steel surfaces in the stationary bear-
ing assemblies. The ends of the drum
shaft are conical, and one end or the
other makes point contact with its as-
sociate flat steel surface depending upon
the direction of the thrust. The moving
element is carried on a flat steel mount-
ing plate. The drum is located behind
this plate and its shaft extends through
a hole in a moulded insulation plate
located on the steel mounting plate.
One of the drum shaft bearings is mount-
ed on the back of the steel plate and one
is mounted on the front of it.

6. The relay has singie-pole, double-
throw contacts all of which are made
of pure silver. The moving contact arn
is clamped around an insulatinghhub
pressed on that portion of the_drum
shaft which extends throughf{to the
front of the relay mounting plate. This
arm carries two spring mounted Silver
contacts which are electrically ofie, and
three flat steel springs “of different
lengths which eXtend dewn from the
shaft 180° frofm thefcontacts. These
springs are usedjto adjust the amount
of reverse current heCessary to close
the tripping contacts of the relay.
Counter weights are g.lso carried on the
moving, contact 4fm so that the moving'
elementiis substantially balanced in all
positiofis;

7. The'stationary contacts consist of
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Phasing Cojl
and Tron ~
Assembly

Drum
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Plate”

Fig. 2—Type CN-33 NBaWORK MASTER RELAY.
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RELAY REMOVED FROM BASE.

two hemispherpi€alysilver buttons welded
on the ends/of two brass'thumb screws.
These twoeontdct screws screw into
two brasSiblocks and are locked securely
in place by“meansdof two thumb nuts.
The bloékywhichy carries the stationary
closing contactyis mounted to the right
of the moving contact on the insulation
plate through which the drum shaft
passes and is stamped with the letter
“C™.WThe block which carries the sta-
tionary tripping contact is mounted on
the same insulation plate to the left
of’ the moving contact and is stamped
with the letter “T".

8. On the lower part of the insulation
plate to the right of the three flat steel
reverse-current springs is mounted an-
other brass block with three tapped
holes in it. This block carries a small
thumb screw which acts as a stop to
deffect the reverse-current springs. When
mounted in the lower hole the screw will
deflect one of the springs, in the middle
hole two, and in the upper hole all three
sof “the springs. This reverse-current
sérew is used to vary the amount of
reverse current necessary to close the
tripping contacts of the relay by vary-
ing the amount of deflection and the
number of reverse-current springs de-

4

flected before the tripping contacts
make. When the reverse-current ad-
justment is made the screw is securely
locked in place by means of a thumb nut.

9. When the relay is completely de-
energized the moving contact is held
firmly against the closing stationary
contact by means of a spiral spring
around the moving element shaft. The
inner end of this spring is fastened to
the moving contact arm and the outer
end is fastened to a spring adjuster
which is carried on the front of the
circular moulded insulation plate. This
spring adjuster is of the friction type
which has been used on many West-
inghouse induction relays for years.
(Gear teeth on the adjuster engage a
pinion, the insulated shaft of which ex-
tends through a hole in the front bearing
plate. The spring tension is easily ad-
justed by rotating the pinion with a
screwdriver without danger of grounding
the spring assembly. This adjustment
is located under the glass cover to pre-
vent unauthorized changing of adjust-
ments.

10. The use of a large diameter drum,
two small permanent magnetsfor damp-
ing the movement of the drum, and a

i

Fv
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solid stop on the moving element which
limits the movement of the drum to a
relatively small angle have made it pos-
sible to eliminate all gears from the relay
without getting into difficulty from
bouncing of the relay contacts. The
elimination of gears simplifies the con-
struction of the relay and removes a
source of friction difficulties. The small
permanent magnets are carried on the
back of the mounting plate where they
are protected by the relay base from
dust, dirt, and other foreign particles
even when the glass cover of the relay is
removed. The moving element stop is a
heavy pin pressed into one of the spokes
of the drum. It operatesin a large clear-
ance hole in the rear bearing plate and
limits the movement of the drum in
both directions by striking the opposite
sides of this hole.

11. The three electromagnets which
are carried on the back of the flat steel
mounting plate are mounted radially
and equally spaced about the drum.
Each electromagnet consists of a con-
ventional potential coil and iron assem-
bly mounted inside the drum and a
current and phasing coil and iron assem-
bly mounted on the same radial center-
line outside the drum. The potential coil
is a machine wound coil with a nominal
rating of 125 volts. A current coil of a
few turns of heavy wire is wound directly
on each of the two poles of the outer iron
assembly over the necessary insulation.
The phasing coils which are made up
of a large number of turns of relatively
small wire are machine wound. Onephas-
ing coil is placed on each of the gwo
outer poles over the current coilsand
securely held in place. The twolsections
of each electromagnet are thoroughly
impregnated with insulating ¥arnish, and
baked. Lagging is used on the potential
coil and iron assembly. Simildr lag
loops are mounted on the gutér or cur-
rent and phasing“eoil ‘and iron assem-
bly. These oudfer lagyloops also serve
to lag the potential coily flux and ef-
fectively {imit /magneétic unbalances
that have made, thefuse of two piece
electromagnets diffiult in the past.

12. Each current and phasing coil and
irongassembly 1s securely fastened to the
backWef the mounting plate by two
serewss ‘The relay is so assembled at the
factory that the air gaps between the
two séctions of each electromagnet are

symmetrically unbalanced to provide
the normal range of overvoltage adjust-
ment. The overvoltage adjustment
within this range is made by the geared
spring adjuster under the glass cover. If
it is ever necessary, the range of over-
voltage adjustment can be changed by
loosening the two mounting screws of
each outer coil and iron assembly and
shifting the assembly through a small
angle with a wrench (Style No. 1095881).
When the desired range is obtained, the
mounting screws should be securely
tightened.

13. All parts of the relay located be-
hind the steel mounting plate are com-
pletely enclosed in a cast iron base to
which the mounting plate is fastened
by two large screws. A shallow glass
cover is mounted over the circulag
moulded insulation plate carriedien the
steel mounting plate. This coverjis‘held
in place by two captive ghumb serews
and serves to protect the relay contacts,
reverse-current and ovetvoltagepadjust-
ments, and front bearing ofythe moving
element shaft from dust\and dirt.

14. Moulded insulatien terminal blocks
are mounted on/[thel twe, ends of the
mounting plate, * Silver tipped screws

pass through tapped holes in small brass
plates which are silver soldered on the
ends of the relay coil and contact leads
and slipped into slots in the meulded
blocks. These screws extend on through
the terminal blocks and holes in the
relay base where their silver tips engage
with stationary tefminals which are
mounted on_the pfotector. These
stationary termninals ,aré silver plated
copper jaws backed, up by steel springs
assembled it moulded insulation blocks.
The relay terminal'screws serve as plug
or jack@type eennections between the
relay, and pretector wiring, but are not
used t@ymount the relay. The relay is
miounted on two studs and held securely
in placelby two thumb nuts which when
tightened force the terminal screws
fitmly into engagement with their
agsociated jaws. These jaw assemblies
dre free to move somewhat in their
moulded insulation blocks so as to be
self aligning. The heads of all terminal
screws are accessible from the front of
the relay, and when they are screwed
down in their normal position the heads
are completely surrounded on all sides
by the moulded terminal blocks through
which the screws pass. This prevents
accidental contact with or shorting to
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ground or between screws. By partially
removing the proper terminal screw or
screws any circuit or circuits between
the relay and the protector can be open-
ed. Before the head of a screw becomes
flush with the surface of the terminal
block the circuit is opened. The screw
remains connected to its associated
relay circuit, however, even after it is
backed out until its head extends above
the surface of the moulded block, so
that a test clip can be connected to it
below a shoulder under the screw head
provided for that purpose. This type
of terminal construction allows the
terminal screws to be used as test switch-
es and greatly facilitates testing and
adjusting the relay when mounted on
the protector. The relay can be mount-
ed on or removed from the protector
readily without disturbing any leads
and without any possibility of connect-
ing it incorrectly, merely by tightening
or removing the two thumb nuts from its
mounting studs. After the relay has
been taken off the protector it can be
completely removed from its base for
inspection or maintenance without dis-
turbing any parts or wiring details by
removing the two screws which hold the
steel mounting plate on the front of the
base. The various coils and internal con-
nections of the relay are shown in Fig. 3.

OPERATION

15. The operation of the type CN-33
relay can best be described by referring
to Fig. 4. The figure shows a schematic
diagram of the internal and external
connections of the type CN-33 relay
and the type CN-J relay when used on
a three-phase network with a grounded
neutral. The control circuits have been
omitted to make the picture as clear
as possible. When all primary feeders
associated with the low voltage net-
work are open, the type CN-33 relay
will be completely deenergized and its
closing contacts will be held in the
closed position by the spiral spring.
Likewise, the contacts of the type CN-]J
relay will be held closed. If the operator
at the station closes the breaker on the
feeder to which the transformer bank
shown in the figure is connectedythe
protector will close and connectfthe
transformer to the networkgsince the
closing contacts of both relaysare closed

16. It will be noted that when clesing
on a dead network thefphasinggand
potential circuits of the“relays are in
series with normal lin€%o-neutral volt-
age applied across them{ Hewever, the
impedance of ghegyphasing gircuits is so
much highet” thap/ the“impedance of
the potentialyciréuits that the voltages

across the latter are extremely low. Since
the phasing coils can produce tOrque
only when the potential coils arelener-
gized, the resulting torque will be very
small because the potential coil voltages
are low and the angle between these
voltages and the phasing coil woltages is
almost equal to the 2z€éF6 torque angle.
What little electrical térque there is
will tend to closepthe closing contacts
of the CN-33 relay ‘and open the con-
tacts of the CN-]J/relay.” Any phase-to-
neutral load connected to the dead net-
work will belin parallel with the potential
coils of ,the relays and will further de-
crease they, voltage across these coils
and#they electrical torque produced in
the'relays GFor this reason the indicator
lampWin the protector is connected in
parallel with the phasing relay potential
goil so that the CN-] relay as well as the
CN£33 will close its closing contacts
under all dead network conditions.
Therefore, the protector will close on a
dead network regardless of the magni-
tude of the load connected to the net-
work.

17. Again referring to Fig. 4, let us
start with the condition we had original-
ly, that is, all feeders associated with
the network are open. Now suppose
that some network feeder, other than
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the one to which the transformer bank
of Fig. 4 is connected, is energized by
closing its breaker at the station. The
network protectors on that feeder will
close and connect it to the network as
has been explained. This energizes the
low voltage network and both the
potential and phasing circuits of the
type CN-33 relay shown in Fig. 4 be-
come energized at once. The phasing
circuits have line-to-neutral voltage
- impresses] across them, but since the
voltage on the network side of the pro-
tector is the higher, a very strong open-
ing torque is produced and the moving
contact of the relay moves quickly from
the closing to the tripping position.
The phasing circuits, being connected
across the contacts of the protector, are
energized when the protector is open by
a voltage which is the vector difference
between the transformer secondary
voltage and the network voltage. The
closing of the station breaker on the
feeder to which the transformer bank
of Fig. 4 is connected at a time when
the secondary voltage of the trans-
formers is appreciably less than the
network voltage, will greatly reduce the
voltage on the phasing circuits and con-
sequently the tripping torque of the
CN-33 relay. If when the feeder breaker
is closed the transformer secondary
voltages and the network voltages are
equal and in phase the voltage across
the phasing circuits will be zero, and
the phasing coils in conjunction with
the potential coils will produce no torque
in either the closing or tripping direc-
tion. The closing contacts of the relay
will not make under this conditigh,
however, because each potential 4oil
when energized alone produces a torque
in the tripping direction slightly greager.
than the closing torque produc¢ed bygthe
spiral spring. This torque @x biag in
the tripping direction, develeped®when
only the potential coils aré ehergized,
is obtained by mowing “the outer coil
and iron assemblies of ‘the relay slightly
so as to unbalance ghe airdgaps, and is
used to fix therange of @vervoltage ad-
justment.  Withjzcrofwvolts across the
phasing circuits themoving contact of
the relay will remain over toward the
stationary tripping contact and may
deflect the reverse current adjusting
spring'some but not enough to make the
trip Gircuit. If when the feeder breaker
at, the station is closed the transformer
secondary voltage is appreciably higher

than the network voltage, the phasing
coils in conjunction with the potential
coils will produce a torque which will
cause the moving contact of the CN-33
relay tomakc with the stationary closing
contact and close the network protector,
thus connecting transformer bank to
the nctwork, if the CN-J contacts are
closcd.

18. The instant the protector closes,
current starts to flow from the trans-
former into the network. This causes
current to flow in the current coils of
the relay, which are connected to the
secondaries of saturating current trans-
former, and produce a torque in the
closing direction. The network pro-
tector will remain closed even if condi-
tions change so that there is no curregt
flowing through it. As the current de-
creases to zero, the moving contactiwill
move away from the stationary clesing
contact and take up a pdsitien, some-
where between it and the “stationary
tripping contact and may  deflees, the
reverse current adjusting ’spring4a cer-
tain amount. When the)feeder is dis-
connected from the station bus by trip-
ping its circuit bredker/ thetransformers
will be magnétized from/ the network.
This flow 0f exciting ‘eurrent from the
network 4oy the transformer bank will
cause emeugh‘current to flow in the cur-
rent coils of, thedtype CN-33 relay to
produeéfa, tripping torque sufficient to
deflect thewreverse-current adjusting
spring until’ the moving contact com-
plctes ghe'relay trip circuit, if the relay
has a sensitive sctting. In this way the
fecdérFis disconnected from the network
when the station breaker is opened. The
action of the rclay is just the same if a
fault develops in the transformer or
feeder, except the tripping torque will be
much greater and the time of operation
shorter.

19. The design of the phasing circuits
must be such that the relay will make
its closing contacts with one volt or less
impressed across them. However, when
the network is energized and the feeder
breaker at the station is open, there
will be full line-to-neutral voltage across
the phasing circuits. There is the possi-
bility of the transformer voltage being
reversed due to an error in making con-
nections and this would place twice
normal line-to-neutral voltage across
the phasing circuits when the feeder
breaker is closed. In order to protect

the phasing coils over this wide range ‘of
voltages and to assist in securing the
desired phase-angle characteristics, /a
tapped resistor is placed in series with
each pair of phasing coils. These phasing
resistors are mounted on the protector
external to the relay in order to decrease
the amount of heatdiberated in the relay
case so as togkeepythe temperature of
the relay coil within pgeper limits, The
total value ofgeach resistor is 3100 ohms
with the tap taken off at 1200 ohms
from one end/and 1900 ohms from the
other. When the protector is open the
1900 @hm sections of the resistors are
shorted “by dauxiliary switches on the
pfotecter leaving 1200 ohms in series
with each’pair of phasing coils. The full
3100%ehms is inserted in each phasing
citeuit by the opening of the auxiliary
switches when the protector closes. This
extra resistance is inscrted to assist in
getting the desired phase angle charac-
teristics in the relay and to reduce the
heating in the phasing coils when the
protector is closed.

20. The current transforniers used to
energize the current coils of the CN-33
relay are small through-type saturating
transformers and are designed so that
they start to saturate at about 3509
of the current rating of the network
protector. The saturation of the current
transformers results in higher relay
torque and faster relay operation on
most lagging power factor faults. It
also serves to reduce the heating and
mechanical stresses in the relay under
the conditions of heavy short-circuits
on either the network or primary feeder.
The ratio of the current transformers
for all protector ratings is such that the
full load secondary current is 5 amperes.
The secondaries of these transformers
may be safely opened under load.

21. Figs. S, 6, 7 and 8 show the operat-
ing characteristics of the type CN-33
network master relay. Curve No. 1
of Fig. 5 shows the closing characteris-
tics of the relay. Lines drawn to it from
the origin at various angles with the
network voltagerepresent in both magni-
tude and phase position the transformer
voltages which will produce a torque
in the relay just sufficient to cause its
closing contacts to make. The closing
contacts will also make and connect
the transformer to the network if the
transformer voltage terminates above
the closing curve. Any transformer
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voltage which does not terminate on
or above the closing curve will produce
a relay torque in the tripping direction
which prevents the closing contacts from
making and the network protector will
remain open. The curve No. 1-A in the
same figure shows a small section of
the closing curve plotted to a much
larger scale so as to show the charac-
teristics of the relay for the values of
phasing voltage at which it normally
operates. Lines drawn from the origin
to this curve represent in magnitude and
phase position the phasing voltage,
that is, the voltage across the open
contacts of the network protector neces-
sary to produce a torque in the relay
just sufficient to make its closing con-
tacts. The upper end or line potential
end of the network voltage vector is
at the origin in this case. The network
voltage vector cannot be shown in its
true relation to this curve because of
the large scale to which the curve is
plotted. It will be noted by referring
to Curve No. 1-A of Fig. 5§ that the
relay will just close its closing contacts
with approximately 0.8 volt across the
phasing circuit in phase with the net-
work voltage. When the phasing voltage
leads the network voltage by 75° it
requires about 2.0 volts to close the
closing contacts. This voltage at 75°
leading, however, means only a very
small angle between network and trans-
former voltages. This can readily be
appreciated when it is pointed out that
10 volts across the phasing circuit lead-
ing the network voltage by 90° will
throw the network and transformer
voltages less than 5° out of phase.

22. The opening characteristics offthe
type CN-33 relay are shown byNCurve
No. 2 of Fig. 5. Lines drawn_fromithe
origin to curve No. 2 represent in magni-
tude and phase position the line currénts
which will produce a torguelin thé'relay
fust sufficient to cause its t#Fipping con-
tacts to make. The, tripping/ contacts
will also make and discomnect the trans-
former from the netWwork ifthe line cur-
rent terminates below thé€opening curve.
If, however, thejlinedeurrent does not
cross the opening curve but terminates
above it, the relay will close its closing
contacts and maintain them closed as
long as the line current amounts to one
or twolper cent of the protector rating.
The Gusves shown in Figs. 6 and 7 repre-
sent @ small section of the opening curve
just ‘discussed plotted to much larger

scales in order to show the operation
of the relay on small current values,
such as the magnetizing currents of
network transformers. The magnetizing
current of a 300 Kv-a. transformer bank
will be about 12 amperes per phase mini-
mum at 120 volts and will lag the net-
work voltage reversed between 60 and
76 degrees. A network protector rated
at 1200 amperes would be used with
such a bank, and it will be seen by refer-
ring to the opening curve of Fig. 6 that
the relay will operate satisfactorily to
trip the network protector when excit-
ing current only is flowing.

23. On systems where the voltage of
the primary feeders is fairly high, such
as 11,000 volts or above, the charging
current of the feeder and high tensign
cables must be considered. When the
station breaker is open this ‘charging
current will flow through the network
transformer bank. In sucliieases, there-
fore, the current on which thejrelay'must
operate is not the magnetizingleurrent
of the transformer bankbalomne, but the
vector sum of the magnetizing current
and that part of the feeder charging
current flowing throughhits associated
protector. When“thie charging current
predominates over “ithe magnetizing
current, 4he cufrent on which the relay
must eperatelis a leading reversal rather
than a laggingWreversal. By referring
to thegopening, curves discussed, it will
be sgen that,the relay will operate equal-
ly as gwell on leading reversals as on
lagging “féversals, providing the leading
reverse current does not exceed approxi-
mately 2509, of the rating of the pro-
tector, even if the current is almost 90°
out of phase with the network volt-
age reversed,

24, Fig. 8 shows the tripping charac-
teristics of the type CN-33 relay on
current values up to 8009} of the pro-
tector rating, such as are encountered
under short circuit conditions. The bend
in the curve is caused by the saturation
of the current transformers used with
the relay. This bend in the opening
curve at the higher values of current
improves the action of the relay under
certain short-circuit conditions. It will
be noted that this curve is taken with
normal voltage, that is, 120 volts on the
potential coils of the relay, however,
curves taken with small values of volt-
age on the relay potential coils are
essentially the same shape.

12

ADJUSTMENTS AND TESTS

25. There are only two adjustments to
make on the CN-33 relay, namelyyythe
overvoltage closing adjustment and the
reverse-currcnt tripping adjustment.

26. The normal range of overveltage
adjustment as setfat thepfactory is 0.5
to 2.0 volts imyphase” with the network
voltage or approximately 1.2 to 4.7
volts, 75° ledding the) network voltage.
This rangelhas/been found to be suffici-
cnt for most network applications. If itis
ever required the range may be changed
by lé@s¢ning the mounting screws and
shifting the@uter coil and iron assemlics
individially. Smooth overvoltage clos-
ing,adjustment within this range is made
by changing the spiral spring tcnsion by
means of the geared adjuster, the shaft
of which extends through the front bear-
ing support. The adjuster has a screw-
driver slot in a cupped recess and is in-
sulated from the control circuits to pre-
vent grounds when making adjustments.
The overvoltage adjustment within the
range should be made with all elements
energized as in normal opcration. When
making overvoltage adjustments of any
kind the current coils of all energized
elemcnts should be connected across the
secondaries of network current trans-
formers. The rating of the transformers
used will not affect the adjustment.

27. The reverse-current tripping ad-
justment is made by varying the position
of the reverse-current stop or adjusting
screw. To set for small values of reverse
current the adjusting screw should be
placed 1n the lower tapped hole of its
supporting block, for medium values
it should be located in the middle hole,
and for the higher in phase valucs up to
109, of the protector rating it should be
placed in the upper hole, Moving the
reverse-current adjusting screw to the
left increases the amount of reverse
current necessary to close the tripping
contacts of the relay and moving it to the
right decreases this amount. When this
adjustment is made, the reverse-current
adjusting screw should be locked securely
in place by means of the thumb nut
provided for this purpose. The reverse-
current tripping adjustment should be
made with current flowing through the
primaries of all three current trans-
formers in series supplying the current
coils of the relay, with all three potential
coils energized in parallel, and with all
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three phasing coil circuits short-circuited
through the 3100 ohms of their respective
phasing resistors.

28. It should be noted that when the
network protector is closed and carrying
no load, a certain amount of deflection
of the reverse current adjusting spring
may be caused by the potential bias
used to obtain the overvoltage setting.
Thus it is possible with an incorrect
setting of the reverse-current adjusting
screw for the relay to close its tripping
contacts and open the protector when
there is no load current flowing. When
the relay has been properly adjusted
as described and the potential coils of
all elements are energized, a current
of approximately three times the three-
element reverse-current setting is re-
quired through any one current trans-
former to close the tripping contacts.
If the current and potential coils of only
one element are energized, a current of
about eight times the revecrse-current
setting is required to close the tripping
contacts of the relay. This value will
vary deperiding upon the overvoltage
setting used. If the overvoltage setting
is greater than 2 volts 75° leading the
network voltage this value will be less,
and if the overvoltage setling is less than
2 volts 75° leading this value will be
more than about eight times. These data
regarding the tripping action of the
relay with one element only energized
are given not as representing a practical
condition, for in practice all three ele-
ments are subjected simultaneously to
magnetizing currents and potential coil
voltages, but to avoid confusion when
it is desired to check the action of any
one element alone. For a given reverse-
current setting the current neceSsary:
to close the tripping contacts of “the
relay will vary practically dn direct
proportion to the rating of the,network
current transformers being used.

29. It should be rememberéd that the
overvoltage adjustment is{independent
of the reverse-cirrent “adjustment, but
the reverse-current a@djustment is by no
means independent of the overvoltage
adjustment. Thereforef the overvoltage
adjustment should always be made first.
With the relay set to operate on a given
value of current and voltage, increasing
the oyervoltage  adjustment will mate-
rially ‘decrease the amount of reverse
cufgént, required to close the tripping
contagts of the relay. Changing the
initialifension on the spiral spring will

.

affect both adjustments. The spring
is adjusted at the factory as described
later and this adjustment should not
be changed except when changing the
overvoltage adjustment.

30. Fig. 9 shows the test diagram which
should be used for checking the ranges
of adjustment and for adjusting the
type CN-33 relay in the laboratory.
The air core reactor, Style No. 491701,
shown on the diagram is designed so
that the voltage drop across it leads
the current flowing through it, and in
this case the potential coil voltage, by
75°. The amount of voltage drop across
the reactor, which is the voltage im-
pressed across the phasing circuit, is
determined by the ammeter shown in
the circuit and can be adjusted by means
of the variable resistance load. The
above reactor, which is used{aty the
factory in making overvoltage adjust.
ments, has animpedance of approximate-
ly 8 ohms. A similar reactory(StyléalNo,
1059225) having a lowerfimpedance of
approximately 0.9 ohm isdvailable,*and
its use will somewhat reduce the range of
currents to be controlled“and metcred.
Care must be cxerci§ed ifp,mounting the
reactor to avoid changing itsimpedance.
It should bedgnounted withfnon-magnetic
materials dway from iron or steel. Ifitis
desired to cheek or change the setting of
the relay‘when‘one of these reactors is
not availablela non-inductive resistor of
1 to @ ohms resistance may be sub-
stituted for the air core reactor and the
setfing made at the equivalent values
of in-phase voltage. The equivalent
in-phasé voltage setting for any 75°
leading setting is approximately equal
to the 75° leading setting divided by
2.35, as can be determined by referring
to closing curve No. 1-A of Fig, 5 since
the entire curve is raised or lowered
parallel to the position shown by chang-
ing the overvoltage setting of the relay.
The use of the reactor is somewhat pre-
ferable since it approximates the usual
operating conditions, and since ammeter
errors and inaccuracies in reading the
meter will introduce a smaller voltage
error than in the equivalent in-phase
adjustment. The resistance of the leads
from the current transformers to the
current terminals of the relay is im-
portant. Each lead should be about 55
inches of 0.081 inch copper wire. The
current transformers used are 600/5
ampere ratio, such as are supplied on
600 ampere, type CM-44, light duty,
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network protectors. The resistors used
for adjusting the current throdgh the
current transformers and reactor should
be non inductive. This resistance‘lead
bank and the necessary ammeters are
shown in detail in Fig. 10.

31. The following is a brief description
of the proper method'of testing the type
CN-33 relay. Lonnectfthe relay exactly
as shown in Figid9. First, see that the
relay is mounted stfaight in a vertical
plane and that /the,_moving element is
free from frietion. Then check the posi-
tion of thelmoving contacts on the drum
shaft. o Thesey, contacts should move
equi-distant from a vertical line through
thé center of the shaft when the drum
i§ rotatedtill it strikes its stop in both
directions. Adjust the two stationary
contact screws to deflect the contact
springs until the back of the contact al-
most touches the main supporting arm
when Lthe drum is rotated to its two ex-
treme posilions. Securely lock the con-
tact screws in position by means of their
associated thumb nuts. The end play of
the shaft should be adjustcd to approxi-
mately 0.005 inch. This completes the
necessary mechanical inspection.

32. Ncxt, close switches “M", “A-A,"”,
“B-B,”, “C-C,", “P" to the side marked
2, and “Y"” to the side marked “OV”
and adjust the spiral spring to obtain
the required threc-phase closing adjust-
ment.  Any adjustment from 1.2 to
4.7 volts lcading the network voltage
75 degrees should bc obtainable. The
equivalent adjustment for voltages in
phase with the network voltage will
be approximately the 75 degree lead-
ing value divided by 2.35. This may
be checked by substituting a 1 to 3
ohm non-inductive resistor for the air
cored reactor in the test circuit. Only
in very rarc cases should it be necessary
to change the overvoltage closing range
by loosening the mounting screws and
shifting the outer coil and iron assem-
blies.

33. With the overvoltage closing ad-
justment completed, next check the
polarity of each current circuit inde-
pendently. To check the polarity of
the element ‘A" current circuit close
switches “M", “S", ‘“A-A,", “P"
to the side marked 1 and “Y" to the
side marked “R.C.” Pass approxi-
mately 25 amperes through the primaries
of the current transformers and see that
the moving contact of the relay moves
positively toward the stationary tripping
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contact. Repeat this polarity check in
a similar manner for elements “B" and
*C" using switch “B-B;" in place of
switch ““A-A;" when checking element
“B" and switch *C-C;"" when checking
element “C". With switches ‘‘M",
“S”, and “P" closed as described above
open switch “Y" and close switches
“A-A)", “B-B," and “C-Cy” and check
the reverse-current tripping range of
the relay. Set the reverse current stop
or adjusting screw in each of its three
tapped holes to deflect the reverse-
current spring or springs so that they
will just fail to throw the moving con-
tact to the closing position when it is
suddenly released from its maximum
tripping position. With the reverse-
current adjusting screw in each of these
three positions close switch “Y" to the
side marked “RC” and pass enough
current through the primaries of the
current transformers to just make the
tripping contacts of the relay as indi-
cated by lamp “T". Currents of more

than 4, 24 and 60 amperes should be
required to just close the tripping con-
tacts of the relay with the reverse cur-
rent adjusting screw in its lower, middle,
and upper tapped holes, respectively.
The sensitive reverse current trip setting
should be made with the adjusting screw
in its lower hole. Pass 1.2 amperes
through the primaries of the current
transformers and adjust the stop screw
so that the tripping contacts just close,
With the relay set to close its tripping
contacts when 1.2 amperes at 180° to
the potential coil voltage is flowing
through the primaries of the 600 am-
pere current transformers, securely lock
the reverse current adjusting screw in
position by means of the thumb nut
provided for this purpose. Then check
the setting by interrupting the circuif
through the primaries of the current
transformers, closing the circuit{ again
with all resistance in and gradually) 1n2
creasing the current throughithe circuit
until the tripping contacts make, When

the relay closing adjustment is set for
very small values of voltage, it ghould
be noted that the drum will not \move
far enough for the reverse-current spring
to engage its stop screw until the current
circuit is energized to produce a tripping
torque

RECOMMENDEDSSETTINGS

34. Experience indigates than an over-
voltage closing adjustmient of approxi-
mately 0.8 volt/'in| phase (2 volts 75
degrees leading) ‘and an in phase reverse
current tripping setting of 0.2 per cent of
the protector rating are correct for a
majofity of'protector installations. The
fagtory adjustments normally are made
at these values. In some cascs, however,
1twill be necessary or advisable to modi-
fy thése adjustments to meet particular
conditions, and the relay is provided
with adjustments so that this may be
readily done. For example, the magnet-
izing energy taken by a particular design
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FiG. 10—DETAILS OF LoAD BANK ANDNAMMETERS FOR USE IN SINGLE-PHASE TEST OF THE

of transformer may permit the use of a
higher reverse current setting than rec-
ommended above. In this connection it
should be remembered that the relay
should always be given the highest
reverse current setting which will allow
positive relay operation on reverse4en-
ergy flow when its associated primary
feeder breaker is opened. This will elimi-
nate a number of unnecessary‘network
protector operations and reducde“wear
and protector maintenance. There may
be certain locations on network systems
where, particularly at timesWoflight
load, too frequent operationfofsthe net-
work protectors will, oceuf due 'to large
fluctuating shunt loadsyon the network.
elevator regereration, etcypif the relays
are given the uSual sénsitive reverse
current setting,“jIncréasing the reverse
current setting of ‘the relays at these
locations to an in phase value equal to
109%, of their associated protector rating
or even less will often eliminate the un-
necessary protector operations.

35. \Care must be exercised in using
high'reverse current settings. The relay

Tyre CN-33 NETwWoRK,MASTER RELAY,

setting§pused! should be only just high
enough tolprevent too frequent opera-
tion offthe network protectors. If only
a few protéetors associated with each
primary feeder are given a high reverse
current setting, when the station breaker
on a primary feeder is opened those
protéctors whose relays have sensitive
settings will trip; then all of the charg-
ing current of the feeder and the mag-
netizing current of the transformers
connected to the feeder will flow from
the network through the few protectors
whose relays have high settings, thus
causing them to open and completely
disconnect the feeder from the system.
QObviously, if the relays on too many
protectors are given high reverse current
settings, there will not be enough current
through each of the protectors to cause
them to trip and the feeder will not be
disconnected from the network.

INSTALLATION

36. The network relays are shipped
separate from the network protector.
This decreases the possibility of damage
to the relays during shipment. Carefully
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unpack and closely examine the relays
to see that none of the parts have been
bent or broken in transit. Inspect the
relays to see that they are free from
friction.

37. The network protector and relays
have each been thoroughly tested and
inspected at the factory. It is advisable,
however, to check the operation of the
two separately and as a unit before they
are placed in service in order to be sure
that none of the parts have been dam-
aged in shipment. The closing and
tripping adjustments of the relays should
be checked as described under “Tests
and Adjustments” and care should be
exercised to see that all locking, reverse-
current, and contact screws are securely
tightened or locked in place by their
associated thumb nuts. If the protector
and relays are to be tested as a unit
see the Network Protector Instruction
Book. The relays should be transported
from the test department and mounted
on their associated network protector
after the protector has been completely
installed and is ready to be placed in
service, When transporting the relays,
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if they are likely to be subjected to con-
siderable jolts and vibrations, it is
advisable that they be placed upside-
down to protect the knife-edge bear-
ings. After the relays have been mount-
ed on the protector and their thumb
nuts securely tightened see that all
terminal screws are tight. Before leav-
ing the network protector in automatic

operation check its functioning by
manually closing the relay closing and
tripping contacts. Use an insulated

screw driver for this final test as the
relay contacts are hot. Be sure to re-
place the covers on the relays before
leaving the installation.

MAINTENANCE

38. The construction of the type CN-
33 network master relay has been made
as simple and sturdy as possible. All
parts have been made readily accessible
to facilitate inspection and repairs.
After the relay is properly installed
and adjusted, it will require little atten-
tion. Whenever it is found necessary
to inspect the protector, the relay should
also be checked to see that it is [ree from
friction and that its contacts are proper-
ly adjusted and not badly burned.

39. A periodic inspection of all net-
work protectors should be maintained
to see whether any units have failed to
close when the feeder to which they
are connected was energized. Such a
failure can be detected either by finding
the protector open or by ecomparing
records of its operation counter readings.
Failure of the protector to close may be
due to any of the following causes:

{—Improper voltage conditios, ghat
is, the network voltage is higher
than the transformer voltage, or
the transformer voliage is lagging
the network voltage so that _the
phasing relay prevénts/ the pro-

tector from closing. Failure to
close because of such voltage con-
ditions does not constitute a faulty
operation.

2—Failure of the network breaker or
its operating mechanism.

3—Failure of the network phasing
relay.

4—Failure of the network master
relay.

40. Failure of the type CN-33 relay
to close under proper voltage conditions
may be due to friction, to dirty or im-
properly adjusted contacts, to an open
phasing circuit, or to too high an over-
voltage closing adjustment. Friction
in the relay may be caused by foreign
material collecting on the dampingymags
net, by the inner support of the ‘spiral
spring rubbing on the spring adjuster,
or by an accumulation of {iftmen the
knife-edge bearings. Should itibecome
necessary to clean the bearings, it 1§ad-
visable to oil them with le§s thamasdrop
of light mineral oil. Westinghouse oil
number 6258-3 is reeommended. The
silver contacts should becleaned with a
very fine file ogburnishing tool. The use
of sand or enery paper should be avoided
as particle§imay Hecome imbedded in the
silver afid prevent the closing of the
relay contrel, ciregits under minimum
torque 0nditions. The possibility of
the phasing Jeircuits being opened is
mentioned, not because they are fragile
orl likely, to” cause trouble, but because
the phasing coils are wound with smaller
wirelthan the other coils in the relay,
andybecause the phasing resistors may
burn out or be accidentally broken.
When a protector has failed to close,
therelays should be inspected to see that
they are free from friction and that their
contacts are in good condition. The
overvoltage closing adjustments should

16

then be checked as described under * Ads
justments and Tests”. If thes€ are
found to be correct and the phasingrelay
is properly adjusted it will be necessaty
to look elsewhere for the cause of the
failuire. Should the breaker and operat-
ing mechanism also be found tofbe all
right, the failure to close,was undoubted-
ly due to the voltage cefiditions which
existed on the system®at the point where
the protector is installed:

41. Failure ot a metwork protector to
open, assuming it /has been properly
applied, canpbe“dide only to the failure
of thegbreaker) operating mechanism,
or masterfreldy to function. Should a
protectarfail to open when its associated
feeder breaker is opened, the fact can
be detected at once by a voltage indi-
cation on the feeder at the station. The
type CN-33 relay may fail to close its
tripping circuit due to friction, to dirty
or improperly adjusted contacts, to too
high a reverse current setting, or to
a change in its tripping characteristics.
The reverse-current trip setting may
change if the reverse current stop screw
is not securely locked in place by its
thumb nut. If the outer coil and iron
assemblies are not securely fastened
by their locking screws they may be
shifted inward by magnetic forces and
slightly increase the reverse-current
setting. The tripping curve of the relay
would berotated several degrees counter-
clockwise if the protector auxiliary
switches failed to open the shunt circuits
across a portion of the phasing resistors.
Such a failure is, of course, almost im-
possible on a correctly wired protector.

42. The preceding is not given as a
list of troubles which anyone may ex-
pect to encounter with the type CN-33
relay, but is given merely as a guide to
help in locating the causes of any im-
proper operations of the network pro-
tectors which may occur.
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The Type CN-J Network Phasing Relay
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CONSTRUCTION

43. The type CN-J network phasing
relay shown in Figs. 11 and 12 is a
single-phase relay which operates on the
induction principle. It is very similar
to the type CN-33 relay, The same
principles of construction are used
throughout, and many of its parts, such
as the moving element, bearings, spring
adjuster, damping magnet, terminals,
and glass cover are the same as those
used in the type CN-33 relay. The
single electromagnet of the type CN,J
relay uses the same iron circuits and
potential coil as does the master,selayy
The method of mounting and shifting
the outer coil and iron assembly“to ob=
tain the range of overvoltage adjust-
ment is also the same as that used,iafthe
type CN-33 relay. The phasing, relay is
mounted on the network/protector in
the same manncpas 1sighe ‘master relay,

44. The followingfpoints of construc-
tion embodied®infthe type CN-J relay
are not covered imythe instructions for
the type CN-33 relay. The type CN-]J
relay is esuipped with single-pole,
single-throw comtacts of pure silver in-
steadQof double-throw contacts. The
relay hag no current coils and the entire
windingaspace on the outer iron assem-
Blyy,18) thus available for the phasing
¢oils so that no external phasing resistor

is necessary. A tapped resistor is located
in the relay and confiected in¥series with
the potential coil. [\ The ptirpose of this
resistor is $0 change .the slope of the
closing cufve of! 'the relay. Each tap
on the resistorfis brought to a separate
terminaljof theprelay as can be seen by
referring toWRig. 13. There is only one
termidal“serew?for the four terminals
to which(the fesistor taps are connected.
They desired closing curve is selected
and thé, terminal screw is located in the
terminal associated with the tap which
gives that curve. Short dummy screws
arejscrewed into the other three terminals
to keep dust and dirt from entering the
relay base. There is only one set of
terminals, located at the lower end of
the relay, instead of two sets as in the
type CN-33 relay.

OPERATION

45. By referring to Fig. 4 it can be
seen that the potential coil and phasing
coils of the type CN-] network phasing
relay are connected to phase “A” of
the network protector in the same man-
ner as the potential and phasing coils
of element “A" of the type CN-33 relay.
The operation of the two relays is exact-
ly the samein principle. The type CN-]
relay has different closing characteristics
from the type CN-33 relay. These char-
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acteristics are obtained by means of
specially designed phasing coils and the
tapped resistor connected in series with
the potential coil.

46. Fig. 14 shows the normal operating
characteristics of the type CN-]J relay.
The relay may be adjusted to have
closing characteristics similar to any
one of the four curves shown, namely,
No. 6, No. 7, No. 8, or No. 9. The net-
work voltage, which is the voltage from
ground to line A" on the network side
of the protector, is shown with the line
potential end of the vector at the origin.
This voltage vector could not be shown
in its entirety because of the large scale
used. Lines drawn from the origin to
one of the curves represent in both
magnitude and phase position the phas-
ing voltages which will produce a torque
in the relay just sufficient to cause its
contacts to close. Any phasing voltage
which does not terminate on or to the
left of the curve in the zone marked
‘“close” will produce a relay torque
to maintain the relay contacts open.
It will be noted that the relay will keep
its contacts closed when the phasing
voltage is reduced to zero if a closing
adjustment is used similar to that used
when these curves were taken  The
curves may be shifted parallel to them-
selves either to the right or left by means
of the spring adjuster, however, if thisis
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found to be desirable. The relay is con-
nected in the factory to have a charac-
teristic similar to that shown as Curve
No. 8 and given a similar adjustment.
Any of the closing characteristics shown
by Curves No. 6, No. 7, No. 8, and No. 9
can be obtained by placing the terminal
screw in any one of the terminals 6, 7, 8
or 9 shown in Fig. 13. Tor example, if
the terminal screw is placed in terminal
8 the relay will have closing characteris-
tics as shown by Curve No. 8 of Fig. 14.

47. The operation of the type CN-]
relay in conjunction with the type CN-33
relay can best be explained by referring
to Fig. 15 which illustrates the closing
characteristics of both the CN-J and
CN-33 relays. Curve 1-A illustrates
the closing curve of the type CN-33
relay, which is discussed in the instruc-
tions relating to the type CN-33 relay,
and Cuve No. 8 illustrates the closing
curve of the type CN-J relay. The area
which lies in the '‘closing’’ zone common
to both of these two curves is shaded.
Thus a phasing voltage, such as I, which
terminates in this shaded area will cause
the type CN-]J relay to make its contacts
and the type CN-33 relay to make its
closing contacts and thus cause the net-
work protector to close. The current
which will flow through the protector
when it closes will lag the phasing voltage
across the open protector by an angle
approximately equal to the impedance
angle of the system, and for a particular
system this current may be as shown
by the vector I{. By noting the position
of I) with respect to the network voltage
and referring to curve No. 2 of Fig. 54
it will be seen that such a current will
keep the type CN-33 relay closing, con-
tacts closed and thus the operation of
the network protector will be stable.“BA
phasing voltage, such as Ea} howeger,
if the protector were manually, closed,
would cause a current Iy 46 flow through
the protector; and by referringfagain to
Curve No. 2 of Fig. Stit willbefseen that
this current woudld causethe type CN-33
relay to made itgl tripping contacts.
The phasing Woltage 14§, lying on the
closing side of the'@urge No. 1-A, causes
the tyme CN-33 relay“to make its closing
contacts. Thus if the type CN-33 relay
alone controlledythe network protector,
the ptotector would pump under this
condition. The type CN-J relay will
notclése its contacts, however, when
acted lupon by a phasing voltage such
as E,; and since the contacts of the two

relays are connected in series and must
be closed at the same time in order to
allow the network protector to close,
it will be seen that the type CN-]J relay
prevents pumping due to phasing volt-
ages which appreciably lag the network
voltage. It may be similarly shown that
the closing characteristics of the type
CN-33 relay prevent pumping from
occurring when the phasing voltage
leads the network voltage by more than
90*. It should be noted that the closing
curve of the type CN-33 relay is such
as to prevent the protector from closing
under crossed-phase conditions, while
the type CN-]J relay used alone would
allow the protector to close under cer-
tain crossed-phase conditions,

48, Under certain conditions agfairly
large and very low power factor load
may be carried by adjacent network
protectors and cause the phasingweltage
Eg to exist across the protector, under
consideration. It will beWseen, “Since
this phasing voltage Lg falls%n the
opening side of Curve No.@8, that under

this condition the phasing relay would
prevent the protector from closidg. In
the event it is desirable to have the
protector close so that its associated
transformer can assist in carrying the
load, Curve No. 7 may be used for the
type CN-]J relay so as to allow ‘the pro-
tector to close if suchy@@hange in charac-
teristics will mot causé pumping. It
is to take careWof sughdmore or less
special cases ghat the tapped resistor
is provided in the pliasing relay to change
its closing characteristics.

ADJUSTMENTS AND TESTS

49, gnTherelis only one adjustment to
make onjthe type CN-J relay, namely,
thefgovervoltage closing adjustment.
This adjustment is made by mecans of
the geared spring adjuster by rotating
the adjuster pinion with a screwdriver as
in the CN-33 relay. The range of over-
voltage closing adjustment is set at the
factory at 0 to 1.5 volts leading the
network vollage 75 degrees with the re-
sistor terminal screw in terminal No. 6.
This range is sufficient for practically all
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applications; if it is necessary to use
settings outside of this range the range
can be changed by shifting the outer
coil and iron assembly.

50. Fig. 16 shows the test diagram to
be used for checking the range of adjust-
ment and for adjusting the type CN-J
relay in the laboratory. The air core
reactor shown in the diagram duplicates
the 75° air core reactor used in testing
the type CN-33 relay, and has an im-
pedance of approximately 8 ohms. The
amount of voltage drop across the re-
actor, which is the voltage impressed
across the phasing coils, is determined
by the ammeter shown in the circuit
and can be adjusted by means of the
variable resistance load. Care must be
exercised in mounting the reactor to
avoid changing its impedance. It should
be motinted with non-magnetic ma-
terials away from iron or steel.

51. The following is a brief description
of the proper method of testing the
type CN-J relay. Connect the relay
exactly as shown in Fig. 16. First, see
that the relay is mounted straight in a
vertical plane and that the moving
element is free from friction. Then

check the position of the moving contact
on the drum shaft. The contact should
move through equal angles on each side
of a vertical line through the center of
the shaft when the drum is rotated till it
strikes its stop in both directions. Ad-
just the stationary contact screw to de-
flect the contact springs until the back
of the contact almost touches the main
supporting arm when the drum is rotated
counterclockwise to its extreme position.
Securely lock the contact screw in this
position by means of its associated
thumb nut. See that the inner spiral
spring support cannot touch the spring
adjuster. The end play of the drum
shaft should be adjusted to approximate-
ly 0.005 inch. Rotate the spiral spring
adjuster until the moving contact arnd
comes to rest with contacts just,opef

52. The range of overvoltage adjust-
ment of the CN-J relay cangbe checked
in the following manner: with,thetrelay
completely deenergized Njinerease, the
closing tension, beyond thé¢ point where
the contacts just close, by 1 turtiof the
screwdriver adjuster. Thenjelose switch-
es B, L. and M and dncrease the current
through the reactor, umtil) the contacts
just close. Theteorresponding phasing

voltage (drop in the reactor) 4s the
maximum limit of the overvoltage ad-
justment range. Open switch B andgit
should be possible to increase the spring
tension until the relay contacts will again
just close. This corresponds 4o zero
phasing voltage.

53. To makedthe desired phasing volt-
age setting moveltheMtérminal screw
located in termifial Noj6 to the terminal
to give the désired phase angle character-
istics—terminal No, 8 is recommended
for the usuahapplication—and make the
overvaltage setting of the type CN-J
relay.in thegfollowing manner. Close
switchegp B, L and M and adjust the
current through the reactor to give the
desired,phasing potential. Then adjust
thelspring tension so that the contacts
just/ close. It is recommended that the
phasing relay be adjusted to close at ap-
proximately zero volts. If the phasing
voltage setting is ncarly zero the adjust-
ment should be checked by closing
switches B, R and M and determining
the voltage 75 degrecs leading the net-
work voltage reversed that causes the
rclay contacts to just open. This voltage
should not exceed 0.35 volts. Thisrecom-
mended adjustment gives a value of
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Fi16. 16—TEsTt CONNECTIONS FOR SINGLE-PHASE TEST AND ADJUSTMENT OF THE

Tyre CN-J NETWORK PHASING RELAY.
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phasing voltage neccessary to close the
type CN-J relay contacts practically
equal to zero, and still insures that the
contacts will remain closed when the
network protector is closed and carrying
load. This will prove to be the best
adjustment for most network systems.
However, if it is found desirable to give
the relay an adjustment which will re-
quire a negative value of phasing voltage
leading the nctwork voltage to close its
contacts, it will be necessary to change
the range of overvoltage by shifting the
outer coil and iron assembly and then
make the exact setting with the spiral
spring adjuster. In no case should the
spring tcnsion be less than one-quarter
turn of the adjuster pinion as this much
tension is necessary to insure closing of
the relay contacts on a dead network.

INSTALLATION

54. The type CN-J relay is shipped
separate from the network protector.
This decreases the possibility of damage
during shipment, Carefully unpack and
closely examine the relay to see that
none of its parts have been bent or
broken in transit. Inspect the relay to
see that it is free from friction. Tt is
advisable to check the closing adjust-
ment of the relay as described under
"Tests and Adjustments’, and be sure
that the locking, contact, and terminal
screws are securely tightened or locked
in place.

55. The relay should be mounted on
the protector after the protector has
been completely installed and is ready
to be placed in service. When trans-
porting both the type CN-J and the
type CN-33 relays from the test depart-
ment to the point of installation the
moving element of each relay should be
locked with a rubber band placed
around the counterweight and across
the front bearing plate to the stationary
contact screw at the left of the moving
contact. If the relays are likely to be
subjected to considerable jolts and
vibrations when being transported, it is
advisable to place them upside-down to
protect the knife-edge bearings. After
the relay has been mounted on the
protector and its thumb nuts securely,
tightened remove the rubber band uséd
to lock the moving element, see that
the moving element rotates freelyfjand
replace the glass cover on the relay

MAINTENANCE

56. The construction of theytype €N-J
network phasing relay,'has been’ made
as simple and sturdy asipossible. All
parts have been mdde feadily accessible
to facilitate inspection| @nd repairs.
After the rélayis praoperly installed and
adjusted /it will require little attention.
Wheneyer iisfound necessary to inspect
the protector,ithe relay should also be
checked to see that it is free from friction
and ghatlits contacts are properly ad-
justed and net badly burned.
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57. As explained in the instructions
covering the type CN-33 relay 4 periodic
inspection of all network pretectors
should be maintained to see whether
any units have failed to close when the
feeder to which they are confiected is
energized. The failure of a type CN-.]J
network phasing elay®te close under
correct voltageeenditionsmay be due to
friction, to very difty or incorrectly ad-
justed contdcts/ @p,to an incorrect over-
voltage closing adjustment. Friction
in the relay, may be caused by foreign
matefial collécting on the damping
magnet, “by’ the inner support of the
spiral “gpring rubbing on the spring
adjuster, by an accumulation of dirt on
the knife-edge bearings, or by a light
sticky deposit on the drum stop and the
points where it makes contact with the
rear bearing plate.
that dirty or incorrectly, adjusted
contacts will ever cause the relay to fail
to complete its contact circuit unless the
adjustment is such that the contacts
actually fail to touch.

It is very unlikely

58. The preceding is not given as a list
of troubles which anyone may expect
to encounter with the type CN-]J relay,
but is given merely as a guide to help in
locating the causes of any faulty
operations of the network protectors

which may occur.

P
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Type BN Network De-Sensitizing Relay

FiG. 17—TvpE BN NETWORK

DE-SENSITIZING RELAY

FroNT VIEW wiTH COVER ON

CONSTRUCTION

59. The type BN relay shown in Figs.
17 and 18 includes three instantaneous
overcurrent contactor elements and a
bimetallic timer. It can be adjusted to
delay sensitive tripping of a network
protector for from one to five minutes
after the master relay contacts are
closed, yet permit instantaneous opéra-
tion under short circuit conditions. The
relay contacts are to be connected in
series with the type CN-33 masteprelay
trip contacts, as shown in Fig. 19}

60. The overcurrent element§are small
solenoid-operated contactorsthat can be
adjusted to pick up at fromy100%es2509,
of full load current. They dropgout when
the current is redfieed to@pproximately
70% of pick-upfeurrent, and™it is recom-
mended thatdthey be setyso that their
drop-out isdabovefnormal full load cur-
rent. Their ‘piire silver bridging-type
contacts are conneéted in parallel to
short circuit the timer contacts and
instantly provide a trip circuit whenever
the pick-up cuffent of one or more relays
is exeeeded. A specially shaped mag-
nétic_eircuit, a spring-mounted silver
dise-type’ moving contact and three
stationary contacts insure a positive

chatter-progf eontact operation in this
relay.

61. Thebimetallic timer employs both
heating®and egeling cycles to avoid the
effects of cumulative heating that result
fromgsuceessive short period energiza
tions, This i§ accomplished by using an
auxiliaty_relay with the thermal ele-
ment.@§The thermal element consists of
two heavy bimetallic springs, one mount-
ed directly above the other. The lower
spring supports two adjustable station-
ary contacts. These provide a restricted
space in which the free end of the upper,
heated spring moves. The upper spring
is heated by passing relatively high
current directly through it, from a small
transformer in the relay base. The re-
quired thermal characteristics are ob-
tained by splitting the spring at its sta-
tionary end and restricting the area of
its cross section. Normally, the moving
contact on the heated spring presses
heavily against the lower stationary
“cold” contacts. When heated, the mov-
ing contact is moved upwards to touch
the “hot’’ stationary contact. This ener-
gizes the auxiliary relay which de-ener-
gizes the heater and allows it to cool and
complete the timing cycle. Since both
heated and stationary contacts are
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Fic. 18—TvypE BN NETWORK DE-SENSITIZING RELAY

FronT VIEw wiTH COVER REMOVED

mounted on similar bimetallic springs,
the relative position of their free ends,
and the length of the operating cycle is
unchanged by variations in ambient
temperature. The periods of time re-
quired to operate the thermal element,
including both heating and cooling cycles,
can be varied by changing the travel of
the moving contact between adjustable
“hot” and *‘cold” stationary contacts.
62. The auxiliary relay is a standard
type “SG’ element having a 208 volt, 60
cycle coil. Its armature carries one
single-pole, front contact and one single-
pole, double-throw contact. These are
arranged to interrupt the heater and
seal in the auxiliary relay after the ther-
mal element has made its hot contact.
The trip circuit is completed through the
timer “cold’ contact and one of the front
contacts of the auxiliary relay., All
contacts of the auxiliary relay are fixed
in position so need no adjustment.

63. These elements are mounted in a
single, plug-in case similar to those used
by the type CN-33 and CN-J relays.
It is mounted on two studs, held in place
by two thumb nuts which tighten to
force the terminal screws firmly into
engagement with their associated ter-
minal jaws on the protector.
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OPERATION

64. As described under “Construction”
and illustrated in the schematic diagram,
Fig. 19, the thermal element irip contacts
are connected in series with the master
relay trip contacts. Consequently, the
type BN relay functions only when ini-
tiated by closing of the master relay trip
contacts. Furthermore, it will be noted
in Fig. 19 that the timer contacts are
shunted by the instantaneous over cuf-
rent element contacts. Hence, all of the
effective timer operations are limited, to
the condition encountered whenmpower
reversals are below the setting of the
overcurrent elements.

65. To visualize therelayopefation first
assume that a cortinuousfreversal of
transformer magnétizingwattshas caused
the master typé CNA33 relay trip con-
tacts to closel ), Asfthe regversal is con-
tinuous and of small curfent magnitude,
the complete timing@cycle of the BN
relay will be obtained. When the master
relay trip contagts close, the BN relay
heaterdis energized through the back
contactstof the auxiliary relay. If the
timenissetfor a two-minute delay, it will
be'neted that about one minute will be

AuxiLIARY TIMING REEA¥S

required for theheated bimetallic spring
to carry thé moving ‘cerdtact from the
‘‘cold”’ cortact tothe upperor “‘hot’ con-
tact position:¢yWhen the upper contact
is made, 1thcompletes a circuit through
the auxiliary relay coil to other side of
line. The aukiliary relay then interrupts
the heatér circuit and seals itself closed
agfits singlé pole, double-throw contact
makes injthe closed position. The single-
poléy,single-throw contact sets up the
protector trip circuit in series with the
master relay trip contacts and the cold
contacts of the thermal element. This
circuit is completed and the circuit
breaker is tripped when the timer con-
tact returns to its cold position.

66. Now assume that the protector is
again closed and a momentary power re-
versal is encountered, as may be caused
by the sudden stopping of a regenerative
elevator in some nearby building. The
reversal in this case may be as much
as 25 or 30% of full load current. Again
the master relay trip contacts will close
and start the BN timer operation. In
this case the reversal will last only a few
seconds and the timer will not move. If
the reversal had been caused by the
starting of a very large motor, or a series
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of motors nearby, it may have caused a
reversal that lasted slightly more than a
minute. Under such a circumstance, the
timer will have operated to close its
“hot” contact and picked up the aux-
iliary relay. The master relay contacts
would then open before the cooling cycle
was completed and the protector would
remain closed. A second low-energy
short-time power reversal immediately
following this operation would fail to
trip the protector as the heating cycle
would have to be repeated by the BN
element in order to pick up the auxiliary
relay and set up the trip circuit.

67. During any of theabove operations,
current of fault magnitude would have
picked up one or more of the over-
current elements and instantly tripped
the protector. In this manner need-
less protector operations are avoided and
both insensitive and instantaneous trip-
ping characteristics are maintained. It
should also be noted that for special
installations continuous reverse cur-
rentsbelow the setting of the overcurrent
elements can be permitted by interrupt-
ing the timing element of the BN relay.
This can be done by removing the line
connection to the timer by unscrewing
terminal ¥ 5, Fig. 20, marked 12.
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ADJUSTMENTS AND TESTS

68. Two adjustments are available in
the type BN relay. These are the time
delay and instantaneousovercurrent ele-
ment settings. The relays are shipped
from the factory with approximately a
three-minute time setting, and an instan-
taneous overcurrent setting of 1509, of
the ampere rating of the protector. These
adjustments will be found satisfactory
for practically all applications; however,
various settings can be made as describ-
ed in the following paragraphs.

69. To check the timer operation ener-
gize the relay terminals #2 and 5 with
208 volts, 60 cycle frequency. Closing of
the trip contacts can be indicated with a
120 volt lamp in series with the power
source and relay terminals 2 and 3.
I'iming can be checked with the second
hand of an ordinary watch. It will be
noted that the total timing operation

includes a heating period, which is inter-
rupted by operation of the auxiliary
relay, and a cooling period. Normally,
the heating period will be found to be
less than half of the full timing cycle.

70. The specific adjustments are to be
made as follows:

a. Move the lower stationary ‘‘cold”
contacts to a position where it will
not limit the moving contact travel.

D. Measure the distance between the

two bimetallic springs.

Adjust the “cold” contact so as to in-
crease the spacing between springs
344”’. Tt will be noted that a positive
contact pressure with good follow is

obtained.

Set the ‘hot” contact abouty o'
above the moving contact to ‘ebtain

a minimum operating time ofmabout
one minute. Increasing thi§ contdct
gap will increase time delay‘and pro-
vide the only timing adjustment.

71. The auxiliary relay is permanently
adjusted to pick up when energized with
approximately 1764¥6lts or more.

72. The overeurrent elements can be
adjusted to operate, from approximately
five to twelve amperes (1009, to 2509,
of the protector rating). A setting of
one hunddrediand fifty percent of the
protector rating (7.5 amperes secondary
curreng) is recommended. The only ad-
justment'érdinarily required is the mini-
mum pick-up setting which should be
checked with 60 cycle current, gradually
increased in magnitude. Variations in
pick-up are adjusted by raising or lower-
ing the position of the solenoid mounted
contact. This is done by loosening the
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small lock nut on the shaft below the
moving contact and then raising or
lowering the moving contact assembly.
The lock nut should again be tightened
to avoid changes in calibration.

73. If the overcurrent element should
be dismantled for any reason, it should
be reassembled in the following manner,
before final overcurrent adjustments de-
scribed in the preceding paragraph are
made.

(a) Hold the moving contact solidly
against the stationary contacts.

(b) Screw the core center down until it
just touches the plunger inside the
core.

(¢} Energize the coil with the minimum
pick-up current; 7.5 amperes, 1509,
of protector rating is recommended.
Then raise the upper core screw so
as to obtain a maximum deflection
of the spiral spring below the con-
tact. This can be observed by look-
ing just above the silver disc con-
tact and noting the separation be-
tween the contact and the shoulder
on the moving core.

(d) Fasten the locking nut at the top of
the element when the maximum
spring deflection is obtained.

{e) Adjust the position of the plunger
on its shaft by use ot the two lock-

ing nuts to obtain minimum pick-up
at the required value.

(f) With a correct adjustment, as out-
lined above, the relay contacts will
open when the current is decreased
to 60 or 759, of the minimum pick-
up value.

(g) Contact operation can be checked
by connecting a low wattage-indi-
cating lamp in the trip circuit. Ex-
cessive vibration of the armature
indicates that too great a spiral
spring deflection is used. The upper
core screw should be moved down
slightly to prevent this.

{h) The minimum pickup of the over-
current element must never be set
below 1409, of the maximum sus-
tained load. This is required to
avoid wear as the element 1§ not
designed for continuous, operation.

74. All of the silver contacts sheuld be
cleaned with a small fine filelor burniish-
ing tool about once a yearj the fregitency
of cleaning being determined by local
conditions. To do thi§'the relay element
can be partially removed frem its base
in the following‘thanner:

(1) Removeythe relay from the protec-
tor.

{2) Loosen foup captive screws which
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mount each terminal block in its
respective terminal chamberf

(3) Loosen three captive extension,nuts
which fasten the main relay panel
in the base and fasten themon the
outer end of their respective posts.

(4) Draw the relay_element and ter-
minal blocks fofwardfin the base to
a point where,all‘partsbecome easily
accessible.

INSTALEATION

75. The type BN'relay is shipped sep-
arate fgom the network protector. This
decreasesUthe/ possibility of damage in
shipment, Carefully unpack and examine
theyrelay to see that none of its parts
have“been bent or broken in transit.
Inspect the auxiliary and overcurrent
relays to see that their armatures move
fréely. See that all contacts are clean
and properly adjusted. It is also advis-
able to check the minimum pick-up and
drop-out of all elements as described
under “Tests and Adjustments'.

MAINTENANCE

76. The moving armatures of all ele-
ments and contacts are the only parts
that will require attention. During each
periodic inspection of the protector the
relay contacts should be examined to see
that they are clean and properly ad-
justed.

#
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RENEWAL PARTS DATA
NETWORK RELAYS

The following is a list of the Renewal Parts and the quantities of each that we recommend should be stocked by the user of this apparatus to mini-
mize interrupted operation caused by breakdowns. The parte recommended are those most subject to wear in normal operation or those subjectito dam~
age or breakage due to possible abnormal conditions. This list of Renewal Parts is given only as a guide. When continuous operation is a primaryicon-
slderanon a(ﬁf itional insurance against shut~-downs is desirable. Under such conditions more Renewal Parts should be carried, the amount depending
upon the severity of the service and the time required to secure replacement.

Recommended Stock of Renewal Parts

e CN-33 Network Master Relay
FOR ILLUSTRAT[ON OF PARTS SEE FIGS | AND 2

Relays in use up to and including........ ot et e e et aae et i feeniaeen it l 1 l 5
“Fig. | Style No. No. I Recommended
No. Name of Part of Part Req: For Stock

1 Relay Complete. cvruerinereuiienniriiacereearenanneeroreannnns Plain Style Sub A and B Stylg 1 0 0
1 Terminal SCreW....civvririenisennsorceroneans .. 1 009 350 1 009 350 18 0 0
1 Moving Contacts.. seecasrecestorcasessnoracanays N 1 009 341 1 009 341 1 0 0
1 Moving Contact and Support......ccovveeeveneasanns .. 561 649 561 649 2 2 4
1 Reverse Current Spring %15%4 PLong) ceiiiiiionanann .. 939 386 939 386 1 0 1
1 Rever e Current Spring (11945’ Long) ....... RN .. 939 387 939 387 1 0 1
1 Reverse Current Spring (1 f:ﬁ Long).vevvevennns . 939 388 939,388 1 0 1
* Spiral Spring....coeviveeeann [N e 1 095 879 1 095879 1 0 1
1 Stationary Trlppmg Contact.....coavunnn 1 009 340 1_009 340 1 1 2
1 Stationary Tripping Contact Thumb Nut.. 559 072 5592072 1 0 0
1 Overvoltage Adjusting leon e 1 096 308, 1 0 0
* Overvoltage Adjusting Screw.. 1 009 332 — 3 0 0
1 Glass COVEr..ivttitnrieneerieeeeenseenonnnsceseosnnnnocnns 1 000 829 17000 829 1 0 0
1 COVET SCIEW .+ vaau v v canne cienncensvnnnsnensnsnnsennenarans 1 009 317 1 095)855 2 0 0
1 Moulded Terminal Plate..........ooiiiiiiiiinniniennnnenn. 1 001 773 10001 773 2 0 0
1 Base. c ittt it i it i i ittt it it 939 385 939 385 1 0 0
1 Stationary Closing Contact........... .. 1 009 340 1,089 340 1 1 2
1 Stationary Closing Contact Thumb Nut. 559 072 559 072 1 0 0
1 Spiral Spring Adjuster P 1 009 335 1 096 300 1 0 0
1 Front Bearing Plate............... .. 1 009 342 1 009 342 1 0 0
1 Front Bearing Plate Insulatmg Cover . P —_——— 1 095 855 1 0 0
1 Reverse Current Adjusting SCrew......ccoeeeeenveconncoceanns 17009 342 1 095 856 1 0 0
2 Current and Phasing Coils and [ron EGO Cycles; ........... 9370711 1 096 760 3 0 0
2 Current and Phasng oils and Iron (50 Cycles)....ocvuunnnnnn. 14094 869 1 096 761 3 0 0
2 Drum with Moving Element Stop........... F 1.009 349 1 009 349 1 0 0
2 Rear Bearing Plate with Stationary Stop........... veeees R 1 009, 346 1 009 346 1 0 0
* Potential Coil and Iron (60 Cycles) 937 712 937 712 3 0 0
* Potential Coil and Iron (50 Cyx¢les).. 938 657 938 657 3 1] 0
2 Moulded Terminal Block..... P 1001 774 1 001 774 2 0 0
2 Wamping Magnet. . ....oouniiiuieeterneeioneaneanoaaennnn 17009 353 1 009 353 j&] 0 0
* Not illustrated. ~— —« — Not used. & Required 1 for plam and Sub,A and 2 for Sub B Style.
Parts indented are included in the par under w}uch they are indented.

CN-J'Network Phasing Relay
FOR ILLUSTRATION OF PARTS SE.E. FIGS 11 AND 12

11 Relay Complete. . etsiccarreitrecnnsie .. . ... Plain Style Sub A Style 1 1] ]
11 Moving ontact.., EEYTITETIINPINIUNY . e 1 009 359 1 009 359 1 0 0
11 Moving Contact and Support.............. .. ¥ - Q@ . ... 561 649 561 649 1 1 2
11 Stationary Contact.....eoeeneeenreninrareanannas 1 009 340 1 009 340 1 1 2
11 Stationary Con act Thumb Nut. . o CYURRTINN 559 072 559 072 1 0 0
11 Glass Cover..covieireaeeneceacsans 1 009 829 1 009 829 1 0 0
11 Phasing Voltage Adjusting Pinion.. . e 1 096 308 1 0 0
* Phasing Voltage Ad. gaﬁtmg Screw.. 8. . B¥........ 1 009 332 — 1 0 0
11 Moulded Terminal Plate.......... TN &Y 1 001 773 1 001 773 1 0 0
11 Spiral Spring Adjuster.. 1 009 335 1 096 300 1 0 0
11 Front Bearing Support..............fa.... P e, 1 009 342 1 009 342 1 0 9
11 Front Bearing Support Insulating Plate s —— e 1 095 855 1 0 0
11 939 384 939 384 1 0 0
11 1 009 350 1 009 350 6 0 0
12 1 009 357 1 009 357 1 0 0
12 Drum with MovmgI Element Stop 1 009 349 1 009 349 1 0 0
* Potential Coil and Iron (60, Cycles).. .. e .. 1 008 327 1 008 327 1 0 0
* Potential Coil and Iron (50 Cycles) -, - - ... v e 938 658 938 658 1 0 0
12 Rear Bearing Plate....... .80 . .. .0 1 009 346 1 009 346 1 0 0
12 Tapped Reslstor E60 Cycle Rela.ysg 1 002 290 1 002 290 1 0 1
12 Tapped Resistor (50 Cygle Relays)... 1 003 922 1 003 922 1 0 1
12 Phasing Coil and Iron.fi..... Q.. .. 937 710 1 096 759 1 0 0
12 Moulded Terminal Block, .....kl.....c.oooiviinn. ., 1 001 774 1 001 774 1 1] [+]
* Not illustrated. e o e N b iSRS Parts indented are mcluded in the part under which they are indented.
Type BN Relay —Style No. 1 153 653

Overcurrent Element, ..o civeeiiieiniinen i resasanniararns [ .en 1 204 739 3 0 [
................................................................... 1 096 787 3 0 0
Stanonar Contact Assembly . et e et et e et s e e 1 204 738 3 0 0
M oving Contact@ssembly.........ocovvennn.. ettt et i . 877 092 3 0 1
(010 0 LG PP 1 204 737 3 0 1
Coré Screw! Nut ................... [ et 877 557 3 0 1
Auxiliary Reélay.. . N e .. 1 204 736 1 0 0
oil. .. ..., . . 1 008 520 1 0 0
Statlonary Contact ..... 1 002 172 1 0 1
Stationary Contact..... 1 008 711 2 0 1
Moving Contact—Right Han 1 008 710 2 0 1
Moving Contact—Left Hand........ 1 008 709 2 0 1
Transformer........... sacesnssssatns 1 269 065 1 0 0
TimingUnit.‘...... .......... . 1 204 732 1 0 0
Stationary Contact Screw... 1 155 629 1 0 1
Stationary Contact (Lower)....coveveeeneennnnnn 1 204 734 1 0 1
Moulded Contact Support. . N 1 097 313 1 0 0
Moving Contact and Heater .......... . 1 204 733 1 0 0
Stationary Contact Support (Bi-me al) 1 204 735 1 0 0
T rIMINAl ST EWS .t vttt vttt eenaeineeesanseansneeseeosonnnseeoonoannannnnnss 1 009 350 9 0 6

Parts indented are mcluded in the part under which they are indented.

ORDERING INSTRUCTIONS
WhenorderingRenewal Parts, always specify the name of the part wanted as shown on the illustrations in this Instruction Book. giving Style Number,
and the type of Relay as shown on the nameplate. For Ezample: One Moving Contact, Style No. 819792, for Type SR-2 Network Relay, Style No. 937185.
To avoid delays and misunderstandings, note carefully the following points:
1. Send all correspondence and orders to the nearest Sales Office.
2. State whether shipment is to be made by freight, express or parcel post. In the absence of instructions, goods will be shipped at our discretion.
Parcel post shipments will be insured only on request. All shipments are at purchaser's risk.
3. Small %{der;lshould be combined so as to amount to a value o?at least $1.00 net. Where the total of the sale is less than this. the material will be
invoiced at $1.00,
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