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It would /be difficult to over-emphasize the importance of adequate care of all
protective-devices, To assure proper functioning, they should be the subject of
periodical, systematic and intelligent inspection. Even the smallest details of re-
quired maintenance should not be neglected if costly failures of equipment and serv-
ice are to be avoided. Maintenance must include occasional checks on calibration
as well as on the coordination and freedom of all moving parts. The purpose of this Tn-
struction Book on the carbon circuit-breakers, i¢ to provide a guide for those charged
with these responsibilities. It is not possible to outline a procedure that will apply
in all cases. The frequency and character of inspection will for the most part be a
matter of experience. But in general, light monthly inspection, with a thorough
inspection semi-annually, should be a minimum. The Corporation will be glad to
furnish such additional information as may be needed to amplify or clarify these in-
structions,
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Important

Carbon Circuit-Breaker Maintenance

KEEP MAIN COPPER CONTACTS CLEAN

Copper oxide or sulphide which forms readily on copper contactsin
air is a very poor conductor. Consequently unless a circuit-breaker
is operated at least once a day the main copper contacts should be
carefully cleaned and polished once a month with fine sandpaper
in order to prevent overheating of the circuit-breaker. Of course a
circuit-breaker which normally carries only a small percentage of
its rated current does not require such frequent attention.

In contrast to copper oxide, silver oxide or sulphide is a compara-
tively good conductor so that circuit-breakers having silver plated
main contacts do not require the removal of oxide. As a matter of
fact sandpaper should never be applied to silver plated contacts
since the useful silver plating would thereby be removed.

(See Pages 4—5)

MAINTAIN PROPER MAIN CONTACT PRESSURE

While it is true that after the main brush contacts have been
properly adjusted they will remain so indefinitely, occasional in-
spections should be made to see that all adjusting screws are tight
and if any of these screws are found loose to see that the brush ad-
justment has not shifted.

(See Page 5)

KEEP CIRCUIT-BREAKERS CLEAN

Excessive deposits of dust and dirt in the operating parts of a
circuit-breaker invariably cause binding of shafts, triggers, rollers
and pins as well as the operating levers. Care should be taken there-
fore to see that accumulation of dirt is prevented and this is particu-
larly true in new installations where the circuit-breakers have been
installed before the building construction work has been completed.
In the latter case the breakers should be completely covered by a
tarpaulin to prevent plaster and like material from falling on them.
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General

Carbon circuit-breakers come under
the general class of air circuit-breakers
since air is the medium in which they
break an electrical circuit. In the
majority of cases they are used on direct-
current circuits although there is some
demand for their use on low voltage
alternating-current circuits such as 220
and 440 volts. On direct-current they
are rarely, if ever, applied to circuits of
more than 1500 volts and oil circuit-
breakers take their place on the higher
alternating-current voltages.

Function of a Carbon Circuit-Breaker
—A carbon circuit-breaker isa protective
device. Itis protective in the sense that
it is used to open or break an electrical
circuit whenever an overload or some
other abnormal condition occurs. Funda-
mentally it is a switch having in ad-
dition to the usual main contacts a
latch and one or more tripping devices
to make it automatic in opening, and
arcing contacts to take the arc which
necessarily takes place when an elec-
trical circuit is broken,

Since a carbon circuit-breaker is used
to open an electrical circuit it must be
able to do this, even on severe short
circuits, without material damage to
its main contacts. Likewise since it nor-
mally connects either a generator to a
hus, or a bus to its load, it must be able
to carry its rated current continuously
without overheating,

To protect the main contacts against
arcing or pitting, secondary copper
contacts and tertiary or carbon contacts
are provided. The sequence of operation
of these contacts, when the circuit-
breaker opens, is shown in Figure 1.
It will be seen that the main brush parts
contact first, after which the secondary
coppet contacts open and finally the
carbons part. The carbons therefore
receive the greatest amount of arcing.
However, the secondary contacts also
receive some of the arcing and if, after a

number of operations,
they become slightly
roughened, they should Cafﬂ[)/]

)
)

be smoothed with fine
sandpaper. When badly Cﬁﬂf act

worn, so that they no
longer make good con-
tact, they should be re-
newed. On severe short
circuits even the main
brush contacts and stud
heads may be pitted
slightly in  which case
they should be carefully
smoothed off either with J@Cﬂﬂdﬂ[}/

fine sandpaper or a file.  fpppgat

The carbons except when

broken, usually remain in

good condition since they

are very refractory and do

not roughen very soon un-

der the action of the arc. )
However, if they do get /‘fa//]
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rough they should be
smoothed off until they Eﬂﬂ fac;
make good contact since
the protection against arc-
ing of the main brush de-
pends upon the good con-
dition and proper sequence

of operation of the second-
ary and tertiary contacts.

If arcing takes place
between the main brush
and the lower stud head
it shows that the flexible
shunt connecting the
brush to the lower stud is
no longer making good
connection and should be renewsl.

Care of the Main Contact Brush—
Insofar as heating is concerned the main
brush is the vital part of the circuit-
breaker. When in good condition it
should carry rated current at a temper-
ature rise not exceeding 20°C. above
40%ambient temperature. While itistrue
that overheating may be due to any one
of a number of other causes it {s due
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Fic. 1—QurLINE SHOWING SEQUENCE OF (OPERATION OF
Tyre CL CrrcoiT-BrEARKER CONTACTS

in a large majority of cases to poor
condition of the main brush contacts.

Assuming that the current flowing
through the brush is no more than its
normal rating, abnormal temperature
may be due to:

Ist.—Insufficient contact pressure,

2nd.---Poor electrical contact between
brush and stud head.
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For the first case an adjustment is
provided so that proper contact pressure
canbe obtained. An eccentric pinin the
closing toggle when unclamped and
turned by means of a screw driver so as
to move the brush closer to the studs
will give whatever increased pressure
is required. See Figs. 3, 4 and 6.

In the second case poor electrical con-
tact may be due either to copper oxide
formation on the contact surface or else
to failure of some of the brush lamina-
tions to touch the stud head. It should
not be considered that when a circuit-

SHOWING THE PRINCIPAL PARTS

breaker stays closed for a long time that
it needs no attention. Oxides form just
the same and the circuit-breaker should
be opened occasionally so that the upper
and lower brush contacts and stud heads
may be cleaned with fine sandpaper. A
good way to hold the sandpaper is
shown in Figure 3. To determine
whether the brush and stud heads are
making good contact, mark the brush
contact surfaces with a soft pencil.
Place thin pieces of paper under the
brush and then close the circuit-breaker.
An imprint on the paper of every lami-
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nation of the brush indicates good con-
tact, On the other hand, blank spaces
here and there will indicate that some
of the laminations are not touching.
In this case it will be necessary to refit
the brush very carefully by means of a
file until it makes good contact.

The above instructions regarding re-
moving oxides with sandpaper, etc., and
fitting brushes with a file, apply only to
circuit breakers having contacts not
silver plated. The contacts of many
breakers are silver plated, This plating
is only a few thousandths of an inch
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F1G. 3—1234 10 200 AMPS., CL BREAKERS SHOW-
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thick so no scouring or filing should be
done except to remove high spots caused
by burning,

Silver plated contacts soon turn dark
from oxidizing or sulphiding. Since these
darkened contacts still have low contact
resistance, they should be cleaned only
by a cloth moistened with an organic
solvent, such as alcohol or naphtha.

As mentioned before overheating may
be due to any one or all of 2 number of
causes, other than poor main brush
contact. Onecause of overheating is the
use of insufficient lead capacity or the
use of a hot ammeter shunt too near the
circuit-breaker. Another cause is defec-
tive contact between parts of the con-

Just contact pressure

Lo

ducting material other than the main
brush contact such as nuts, clamping
terminals or bus-bars to the studs may
have a poor contact with the studs or
with the terminals or bus-bars. This
poor contact may be due to insufficient
contact pressure, insufficient contact
area, or oxidized or corroded contact
surfaces.

Insufficient Contact Pressure—If the
contact pressure is not enough, it is
obvious that tightening the nuts is the
remedy,

Insufficient contact area may be due
to untrue surfaces on the nuts, studs or
bus-bars or terminals, or too small or
too few nuts. Contact surfaces that were
true when made may become un-
true by being battered, raising
high spotson the surface, When
the amount of battering is small

Fi1G, 4—400 10 2000 AMPs, D-C,, CL BREAKER SHOWING CONTACT ADJUSTMENTS

may be cleaned by rubbing with a brush,
a piece of cloth, or waste dipped in a
mixture of water and powdered pumice
stone, or some other finely ground scour-
ing material.

Defective Joints—Overheating may
be due to a defective soldered joint. It
often happens that a soldered joint that
was good when made has been partially
broken by too great a mechanical load
on the joint, The heat then developed
has melted the solder causing it to run
out of the joint. A soldered joint may
be spoiled similarly by an overload,
causing the solder to melt and part of
it to run out of the joint, rendering it in-
capable of carrying its rated load there-
after.

Unpacking—When unpacking a cir-
cuit-breaker care should be taken to see
that all parts are in good condition,

and the surface is plain, the best

way is to carefully file off the
high spots. If the amount of
battering is large, it is best to |

machine the surface. Where it
is the threads on the studs that

are battered, they can usually
be partially restored by filing
away the high spots with a

small three cornered file. .
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Oxdiation and Corrosion— L wapi T

Oxidized and corroded surfaces
of threads on studs and nuts
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F1G. 5—SanprarER HoOLDER

ARCING DISTANCE FOR MOUNTING ONE BREAKER ABOVE ANOTHER BREAKER
Breakers below 1200 Amperes without barriers should have 8 inches Clearance between Metallic parts
Breakers below 1200 Amperes with barriers should have 5 inches Clearance between Metallic parts
Breakers abave 1200 Amperes without barriers should have 12 inches Clearance between Metallic parts
Breakers above 1200 Amperes with barriers should have 714 inches Clearance between Metallic parts
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INSULATION CLEARANCE
Between live parts and ground

Creeping Voltage Striking
Distance Distance
1 inch 125 L4 inch
114 inches 250 34 inch
2 inches 600 1 inch
24 inches 750 114 inches

Transferring Circuit-Brealers

A prolific source of trouble with carbon
circuit-breakers is the transfer of the
breaker from the base on which it was
mounted in the factory to a panel of a
switchboard. Most earbon circuit-break-
ers depend on the base to hold some of
the parts in proper relation to each other.
Type CL carbon circuit-breakers, how-
ever, are provided with one piece frames
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and may, therefore, be moved from one
panel to another with much less difficulty
than breakers with two piece frames
which are held in alignment by the panel.
Tt is, of course, necessary to align one
pole with respect to another in order to
obtain proper operation of common trip
and common closing bars. Each pole
unit, however, with its one piece frame
retains shaft alignments independently
of the panel.

When mounting multipole circuit-
breakers it is very important that the
pole units be lined up properly with
respect to each other, so that the com-
mon trip and common closing bars
operate freely. To check this, take a
shaft as long as the total width of the
breaker (not pole unit) and of the same
diameter as the handle lever fulcrum
shaft and push it through the holes in
the frames from which the handle lever
fulcrum pins have been removed. This
should be done before tightening the
frame mounting bolts, See that the
shaft turns freely and then tighten the
frame mounting bolts. The shaft may
then be removed and the breaker as-
sembled with assurance that the pole
units will be in proper alignment.

Turn screw to refease clamp on pin
before turning eccentric shaft (o
adyust contact pressure

_Turry eccentric shaft to get
proper eontact pressure
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When clamping the upper stud in
place, do not clamp so tight as to
distort contact surface, Be sure to see
that it is inproperrelationto themoving
parts such as carbon arm, brush and
secondary contacts.

When clamping the bottom stud of
overload breakers in place, care must
be used not to twist coil so as to short
out turns or short coil by turn of coil
touching frame.

Trip-Free Circuit-Breakers—When an
operator closes a non-trip free circuit-
breaker by hand, he can hold it closed
even though an overload exists on the
line. TFor this reason a knife switch is
usually supplied in series with each cir-
cuit-breaker. This switch is intended
te be opened by the operator after the
breaker opens and closed again after the
breaker is closed. In this way the
breaker is free to open if there is an
overload on the line thus giving the
desired protection,

In the trip-free circuit-breaker the
closing handle is latched to the closing
toggle in such a manner that the closing
toggle trips free of the closing handle
when the breaker is being closed inon an
overload. The breaker therefore opens
independently of the closing handle and
cannot be held closed.

This same trip free feature can be
ohtained with multi-pole instantaneous
trip non-trip-free circuit-breakers by
having separate closing handles. After
one poleisclosed, an attempt to close the
other pole, when an overload exists, will
trip out the first pole. This scheme
works well with two-pole circuit-breakers
which protect a single circuit but it is
usually necessary to have common closing
handles on three-pole circuit-hreakers
particularly when they are used in pro-
tecting three-phase circuits. In the lat-
ter case it is of course necessary to have
the trip-free pole units in order to get
the trip-free feature.

Tripping Devices and Attach-
ments

Instantaneous Trip (See Figure 7)—
The instantaneous trip device is used
to trip a circuit-breaker whenever the
current in the circuit which the breaker
protects exceeds a certain predetermined
safe value. It consists of a coil in series
with theline, the ampere turns of which
act on a magnetic circuit consisting of a
stationary portion and a movable iron
armature. When the ampere turns of




the series coil are great emough or in
other words when the current through
the series coil reaches a certain value the
magnet armature is attracted to the
stationary portion and this movement
serves to trip the breaker latch. The
instantaneous trip device will trip
the circuit-breaker on any owver-
load above its setting. The amount
of current required in the series coil
of a given overload trip device to
cause it to trip the breaker is necessarily
dependent upon the air gap hetween the
movable armature and the stationary
magnet, Various tripping peints can be
obtained by varying this gap and it is
by this means that all CL carbon circuit-
breakers are calibrated for owverload.
The standard range of calibrationis 1009
to 2009, of the normal current rating
of the circuit-breaker. The five main
points, 100%,125%, 150%,,175%,, 2009,
are stamped on a suitable scale plate.
The means of adjusting the air gap are
shown in Figure 7. Of the total travel
of the overload magnet armature, that
part used to move the breaker trigger,
should be just enough to trip the trigger
free of the latch lever, When so ad-
justed the maximum amount of the
armature travel is being used to obtain
momentum for tripping the breaker and
the magnet is being used at its best
efficiency. This applies to any auto-
matic tripping device.
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It sometimes happens that even
though the current flowing is very much
less than the overload setting of the
circuit-breaker, the breaker will trip
out. Unless the breaker is tripped open
due to some excessive vibration or
shock the trouble can invariably be
traced to some other attachment such
as an undervoltage release or auxiliary
relay. (See Undervoltage Release At-
tachment)., It rarely, if ever, is due
to faulty operation of the overload trip.
Powerful stray magnetic fields do affect
the calibration points to some extent
on the larger breakers and where the
bus arrangement of the switchboard is
known the breakers are calibrated at
the factory with this same arrangement.
By this means the effect of the stray
flelds due to the bus-bars is taken into
account.

For direct-current service the overload
magnet is solid. Any attempt to use
this on alternating-current except in the
12,5 to 800 ampere breakers, will result in
overheating of the circuit-breaker since
the eddy currents set up in the magnet
will make it very hot. Laminated mag-
nets are always provided in circuit-
breakers above 800 amperesin capacity.,
Even then, due to the eddy currents set
up in the copper conducting parts,
breakers above 800 amperes in capacity
must have an A-C. rating materially less
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FIG. 7—INSTaNTANEOUS TRIP ATTACHMENT

than their D-C. rating; this difference
increasing with increased capacity.

All of the overload trip devices reset
themselves automatically, that is, after
tripping, they automatically return to
their original position.

Inverse-Time-Limit Attachment (Fig-
ure 10)—The inverse-time-limit attach-
ment will not trip breaker on shors time
overloads. This attachment is calibrated
without oil in pot. With current flowing
through breaker same as calibration set-
ting the inverse-time-limit attachment
with oil in pot will not trip breaker.

The inverse-time-limit attachment
used on type CL breaker is of the sucker
type. The sucker which is a smooth
surfaced metal disc is attached to the
overload armature and normally rests on
the smooth bottom surface of a pot con-
ing a small quantity of oil (approximately
14" deep). The resulting sucker action
retards the starting of movement of the
overload armature and unless the over-
load which occurs is very heavy, a
considerable time will elapse before the
armature can move.

Tor breakers above 400 amperes in
capacity, the amount of surface in
contact between the sucker and pot
can be varied, thus providing variation
in time Hmit. Turther variation can be
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Fra. 8—CHARACTERISTIC CURVES OF INVERSI-
Time-LiMiT DEVICE

759, Setting will be Approximately 757
of readings.

509, Setting will be Approximately 507
of readings.

259, Setting will be Approximately 257
of readings.

09, Setting will be Approximately 20, of
readings.

T1g. 9—3000 Amps., D-C., 3-Pore, Tyee CL Trip-FrREE CARBON
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obtained hy using oils of different

viscosities.

To keep the inverse time limit in
eood working order it is necessary that
the oil be kept clean. A single particle
of dirt between the two contact surfaces
will sometimes greatly reduce the time
lag. If imperfections appear in the
contact surfaces due to bruising or other
causes all high spots should be removed
with a scraper.

Care Should ke Taken not to Inter-
change Overload Details

Removing or Replacing Oil
Dash Pot, on 600 and 800 Ampere
Breakers

1. Loosen both knobs on the over-
lnad dash pot.

2. Place both knobs straight to the
left hand side of the breaker,
facing the brealer.

3, Turn both knobs in unison to the
extreme right, looking at the
bottom of the oil pot, and con-
tinue the lower knob to the right
unit it hits the panel.

4, Then, holding the lower knob
against the panel, turn the upper
knob to left until the two knobs
are 180° apart.

5. Pull the lower portion, onto which
the lower knob is attached, down-
ward approximately 14"

6. Turn the upper knob to extreme
right as far as possible and then
turn the lower knob to the left
until it is directly beneath the
upper knob.

-1

Remove the lower oil pot
pulling straight downward.

by

8. To replace the dashpot it is merely
necessary to reverse the above
procedure.

Undervoltage Release Attachment (Fig-
ure 11)—This is a device for use in auto-
matically tripping a cireuit-breaker
when the supply voltage drops to a
predetermined value. The mechanism
consists of a solenoid type of magnet, the
movable core of which is held to the
stationary core against a strong spring.
When rated voltage is applied to the coil
of the magnet, suflicient current flows
through it to hold the movable core
against the resistance of the spring but
when the voltage drops to less than 609
of normal the pull of the magnet is no
longer great enough and the spring
propels the movable core upwards thus
tripping the breaker.

For use on direct-current the magnet
is made of solid iron but for alternating-

current  gervice the iron  parts are
laminated.
In the direct-current undervoltage

wagher s
placed between the movable and station-
ary cores. 1t is evident that the voltage
at which the undervoltage mechanism
releases may be varied by putting in
washers of different thickness, since the
length of the air gap and consequently
the strength of the pull between the
cores, depends upon the thickness of the

mechanisms a thin brass

Liamping Screw

/

Tube comected (0
—Magnet Armatire
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intervening washer. This adjustiment
while probably not so convenient as
some, is very simple and effective.
It is in addition to that obtainable by
changing the movable core spring
pressure and also by changing the re-
sistance supplied in series with the coil.
The last two methods have their limita-
tions, however, since the spring pressure
cannot be reduced below that value re-
quired to trip the breaker and too great
a reduction in theresistance in series
with the coil will allowa current toflow
which is greaterthan the coil capacity.

In the alternating-current under-
voltage mechanisms no washer is placed
between the movable and stationary
cores and so the only adjustment avail-
able for a given coil and resistance is in
the spring pressure, Unless the coil
impedance is only a small portion of the
combined coil and resistor impedance
the coil should be cut out of circuit
when the mechanism is in the tripped
position. This follows because the coil
impedance i3 considerably less for open
gap than for closed gap between the
cores and sufficient current would flow
to burn out the coil. In this case an
automatic reset attachment should be
used.

Mg,
Bo/lt

Mt
Bolt

M
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Hand Reset -After this mechanism
trips, the magnetic force set up between
the movable and stationary cores by
re-establishment of normal voitage, is
insufficient to pull the movable core
downward against the spring, IHence,
when automatic operation is not re-
quired a knob is provided for resetting
this device by hand. It should be noted,
however, that the coil should be cut
out of circuit when the breaker opens.
The breaker will have to be reclosed,
before  the undervoltage mechanism
can be reset.

Automatic Reset —There are occasions,
however, when automatic reset is re-
quired, particularly for remote control
apparatus and for electric operated
breakers, For this service a Iink
and reset  spring are  provided
which are actuated by the opening
mofion of the circuit-breaker to reset
the undervoltage mechanism, This re-
set should he checked so that when the
brezker opens the undervoltage mov-
ing core is pushed down until it al-
most touches the stationary core, Then
if normal voltage is on the coil its ampere
turns will be sufficient to hold the mov-
able core against the tripping spring.

All Continuous Voltage Coils-—Hor
coils that are in circuit continuously
it is important that the voltage across
the coils shall never be more than 5%,
greater than rated voltage for any ap-
preciable length of time. An excessive
voltage will cause overheatling of the
coil and subsequent hreakdown or short
circuit.

Shunt Trip Attachment (Figure 12)—
The shunt trip attachment is {for use
in tripping a circuit-breaker by means
of a push butlon from some distant point
or is sometimes wused with circuit
closing relays for tripping the breaker.

The shung trip magnet is of the sol-
enoid type, the movable core of which is
pulled towards the staticnary core when
the shunt coil is energized. Movement
of this core trips the circuit-breaker
and the coil is immediately cut out of
circuit by an auxiliary contact on the
circuit-breaker when the latter opens.
This s necessary since the shunt trip coil
is short time rated and would soon
burn out if the voltage were applied
for any length of time.

The total movement of the trip
magnel core or that part which is used

Breoker Closing
Lever shown in
¢c/osed position

Anob
Auto Reset
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to move the trigger of the breaker should
be just enough to trip this trigger free
of the latch lever. This adjustment
should be taken care of when mounting
the attachment on the panel.

A brass washer is placed between the
movable and stationary cores to pre-
vent “freezing”. This permits the
moving core to return to its normal
position after the coil is de-energized
and it is then ready to again perform
its tripping function. Absence of this
brass washer will permit sufficient
residual magnetism to hold the movable
core against the stationary core, even
after the coil is de-energized, and it
will then be impossible to trip the
breaker open by means of the shunt
trip until the movable core is forcibly
retrieved, or until the residual magnet-
ismn disappears and the core drops back
of its own accord,

The standard range of coil voltage
over which the shunt trip mechanism
operates is 56% to 112% of normal
rated coil voltage.

Reverse-Current Trip (Figure 13)—
This device is used to protect a circuit
against reversal of power or reversal
of current.

The reverse-current mechanism con-
sists of a stationary magnet energized
by a series coil and a movable iron
armature energized by a shunt coil, or
vice versa. For a given shunt coil
voltage the armature acts in a way
similar to a permanent magnet. This
armature is pivoted midway between
two pairs of poles on the series magnet
and will be attracted to one pair or the

e

Fig. 12—SxuNT TRIP ATTACHMENT

other depending upon the relation of
shunt and series ampere turns. When
the series current is flowing in the
normal direction the armature is at-
tracted to one pair of poles against an
adjustable cam. When the current re-
verses; the shunt coil current still re-
maining the same in direction; the
armature is attracted to the other pair
of poles and if the reversal of current
is as large or larger than the setting,
the armature will move over and trip
the breaker. The amount of current
reversal required depends upon the
ait gap relation between the stationary
and armature poles. This relation may
be varied by means of an adjustable
cam. The standard calibration range
of 5%-109,-15%-20%,-25% of normal
breaker rating marked on the scale
plate is obtained in this way.

It is evident that voltage must be
applied to the shunt coil in one particular
direction. When the coil is incorrectly
connected the reverse-current attach-
ment will trip the breaker open when
current flows in the normal direction,
In this case the leads should be reversed.

The armature of this device is retrieved
by means of a light spring after trip-
ping. However, the shunt coil must
be cut out of circuit to accomplish this,
when the breaker opens. This is done
by means of an auxiliary switch on
the breaker.

Two screws, one at each end of the
calibration scale, prevent moving the
calibrating cam beyond its range.

Solenoid Closing Mechanism (Figure
14)—Circuit-breakers for electrical re-

1¢

T Movrny Core

Mowing Core Syoor? Bracket

mote control are equipped with our
standard closing solenoid and shnut
trip attachments. The closing solenoid
coils have a short time rating and in
order to avoid burning them out must
he et out of eircuit as soon as the breaker
is closed and latched. This is ordinarily
done by means of a hesitating switch,
control drum switch and a small contac-
tor which is connected in series with the
closing coil. When the control drum
switch is turned to the *‘on’’ position,
the contactor closes and energizes the
closing coil.  After the breaker is closed
the operator cuts off the closing coil by
allowing the control drum switch to
return to neutral position, This releases
the contactor, which in turn opens the
closing coil circuit. Telescoping closing
links are provided with non-trip free
breakers, which permit the closing
magnet mechanism to retrieve by gravity
after the breaker is closed.

Trip free breaker links do not retrieve
when breaker closes, springs are pro-
vided to retrieve links when breaker
opens.

The closing coil is designed so as to
close the breaker on which it is applied
over a range of 729% to 1049, of normal
rated coil wvoltage, Voltages much
higher than 104% should not be ap-
plied since the resulting slamming
action of the breaker will tend to break
the carbons.

When transferring a solencid operated
breaker from one panel to another, care
should be taken to see that the station-
ary core of the closing magnet is ad-
justed so as to give a slight overtravel




on the breaker latch when the breaker
is closed electrically, This adjustment
may be made by adding or removing
washers under the supporting plate of
the stationary core, See Figure 14.

Field-Discharge Attachment (Figure
15)—T'ield-discharge circuit-hreakers are
used to protect the shunt felds of
large separately excited generators. The
standard arrangement consists of a
single-pole or two-pole, non-trip free
hand or operated carbon
circuit-breaker without overload trip
but equipped with shunt-trip, auxiliary
switch and field-discharge attachments.

solenoid

Jeries (oif

Type CL Carbon Cirouit-Breakers

The feld-discharge attachment, when
the breaker opens, connects a resistor
across the generator shunt field and thus
discharges whatever voltage may have
been induced in this winding when it
was disconnected by the breaker from
its normal voltage supply. If this
were not done, the excessive voltage in-
duced in the field winding would break
down its insulation.

The type CL field-discharge attach-
tment is nothing more than a knife
switch opcrated by the circuit-
breaker. It is not connected directly
to the circuit-breaker by a rigid member,

but is equipped with a ratchet device
which permits a certain amount of lost
motion between the two. The links
connecting the breaker to this ratchet
device are adjustable and care should
be taken when transferring this at-
tachment from one panel to another,
to make such adjustment on these
links as to give the following operation.

When the circuit-breaker is opening,
the discharge switch should make con-
tact an instant before the carbons part,

When the circuit-breaker is being
closed the discharge switch should part
contact before the carbons touch.

Stationary Magret Lore
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Make these adjustments by slowly
opening and closing the circuit-breaker
by hand.

Care should be exercised in closing the
breaker so the sequence of operation of
the field switch is not destroyed. If
the breaker is partially closed and al-
lowed to open, the failure of the spring
pawl to latch on the switch ratchet will
disrupt the sequence of operation and
the breaker must be closed and opened
again to establish the correct relation-
ship.

Electric Lockout {Figures 16 and 17)
There are times when it is desired to
tock & breaker in the open position when
certain conditions exist. For this pur-
pose a lockout attachment is provided
which either latches the breaker open,
or else interposes an arm which opposes
the movement of the brush. Depending
upon requirements the coil may lock
the breaker open when energized, or it
may be so arranged as to lock the breaker
open when de-energized.

—m—
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Type CL Carbon Circuit-Breakers

e ——
Bunger Rod | |
|
I
— .
L \
ﬂl Pluniger
Spring . :
L ﬁL Contact Studs
Chr.=Counter-bore
!;i] Fra, 18—8.P., D.T. AUXILIARY BwITCH
7
— ;‘;3
Moving Core snger F—/fg’
Spring e if —~
— —= 5]
oAl i

. \,J_i U Terminal Studs

Chr = Counter-bore

Blunger Rod L

Fig, 19——D.P,, D.T. AUXILIARY SWITCH

Auxiliary Switches (Figures 18-1¢ ‘
and 20} —Auxiliary switches are used ‘
for signal lamp purposes, shunt trip ‘
cut outs, electrical interlocking and |
similar applications, |

P1g. 17—ELECTRIC LOCKOUT ATTACHMENT
Plunger type are either S.P.D.T. or

D.P.D.T. and are mounted as a rule ‘

]
ffi—
i

Do not tighten nutbs against panel

Fig. 20—TveE W RoTaky Switcd

14




Type CL Carbon Circuit-Breakers

directly under the circuit-breaker brush. / ™~
A push rod extending through the S 7

panel operates the switch when the L

circuit-breaker is open or closed. Rotary Breaker Closing o 4 Tripping Lever

type switches are simple and positive Lever

in operation and are mounted on front T;,bp;;ng i
110 i

of panel. The switch is connected to
an operating link by means of a crank
on the end of a rotor. The operating = ol | T e B
link should be adjusted so that with Breaker frame - ﬂ
breaker open the center of the moving
break contact should be making con- Link
tact with stationary contact and with
! breaker closed the center of the moving
malke contact should make contact with
stationary contact. These switches p . N Switch
should be inspected occasionally to see s y Plunger
that the contact springs are in good r—{ —// . =1 = '
working condition, -l "

Aux.

Bell Alarm When Breaker Trips From )
Overload (Fig. 21)-—By the ringing of 'f )

e

a bell or by & signal lamp, this deviceis /] - L b= 2 A .
used to indicate which breaker tripped mem Spring S/l Wiring
! Connection
from overload. g Bolts '
It Consist§ of tv.vo auxiliary switch.es e Aok Switch Aux. Switch
connected in series, a shoulder pin
screwed to the breaker closing lever that
operates the link and latch, by the =
opening or closing of the breaker. A trip FiG. 21—BELL ALARM WHEN BREAKER TRIpPs FROM OVERLOAD
knob and rod for breaking the circuit
of the bell alarm. Rod should be adjust-
ed so that the auxiliary switch makes
contact when the breaker is closed and
breaks the contact when the trip knob Stationary
is pushed towards the panel and the Conlact -S1ae Plate
latch engages the metal sleeve on the Y .
switch plunger, Operating
Lever Spring
Link should be adjusted to release the .
} tatch when closing breaker and to en- | dperaling
| gage the latch when trip knob trips Lever
| the breaker. | Hoving
When breaker trips from overload the Contact Arm
auxiliary switch under brush completes Hoving
circuit for bell alarm, (see diagram for Contoct
connections) . Ta stop bell from ringing Stationary
push the trip knob towards the panel T Cortact
until latch engages metal sleeve on
the switch plunger. Lafch
Hesitating Switch (Fig. 22) Hesitat- Lever
ing switches are used in the solenoid || lafch
circuit to cut off the closing current just { ever Spring
before the breaker latches.
These switches are operated from the
solenoid operating lever for trip free
breakers and the breaker closing lever

for the non-trip free breakers. They
should be adjusted so that the contact

breaks, just as the breaker latches and LJ\\_S » dj—/fu e 5[‘(10’5*//{{;

should have available overtravel at each
end of the stroke. Fi1c. 22—HESIPATING SWITCH

15




Type CL Carbon Circuit-Breakers

DIAGRAM INFORMATION

TYPE 'CL"CARBON BREAKER ACCESSORIES

AUX. SWITCHES SHOWN FOR OPEN POSITION OF BKR,

HESITATING SWITCH
DIAGRAN MAN : SHOW ONLY

Q % THAT CONTACT WHICH IS
5| on BE/NG USED IN THE CONTROL
% ¢ SCHEME THUS:

3

B

FOR  FOR
MAKE _ BREAK

PUSH TYPE AUX. SW.

D.ROT S.poT

CONNECTIONS FOR
REVERSE CURRENT ATTACHMENT

USE RESISTOA FOR VOLTAGES ABOVE 125V,

LINE
t 1l aux.swde 7ree
o "CL"
BKR.

o.L.COIL

"~ REV.CUA.

LOAD SER.COIL

ROTARY TYPE (W) AUX. SW.
1374 3RO-5EGMENTS FAOM LEVER
END HAVE LONG CONTACTS

AL
LEVER p—3P —1 1 T |

— 4P i
END ;;'l
.‘.———_

e "e -
BELL SHUNT TRIP
CONNECTIONS CONNECTIONS
USING
AUX.5W. AUX. SW. l
Lo o

T

SHUNT
TRIF

aeLL LT Zﬂ_\

TRIPPING

CONTACT
e | +

BELL~ CLOSES WHEN

BKR.CLDSES

+| ~1 AND REMAINS
CLOSED W/IEN
BHR.TRIPS
AUTOMATICALLY,
OFPENS WHEN
BKR.1S OPENED
BY HAND

FOR OTHER BELL CONNECT-
JIONS SEE PAGE 17

UNDER VOLTAGE RELEASE CONNECTIONS
LINE LINE

—
[

LOAD |
LOAD REL. [ UV,
7 REL.

oL
) g )

RES,
LU, V. r

RIPPING CONTACT
WHEN USED

U.V, RELEASE COIL UV, RELEASE COIL

W/TH AUTOMATIC RESET  WITH HAND RESET

NOTE! THE AUTOMATIC RESET RESETS THE
U.V. RELEASE CORE SIMULTANEQUSLY WITH THE
OPENING OF THE BKA, .V, RELEASE GOIL WITH
AUTOMATIC RESET MUST BE CONNECTED 70 THE
LINE SIDE OF BMR. UV RELEASE COIL WITH
HAND RESET MUST BE CONNECTED TO LOADSIDE
OF BHKA.

RESISTOR TQ BE SHOWN FOR:
ALL A-C.& D-C.COILS EXCEPT /[0 V.60 CY. UNDER-~
VOLTAGE USED WITH 1221 TO 400 AMP BHRS.

ALL AC. COILS WHEN USED WITH SHORT
CIRCUITING TRIPPING CONTACT

16




Type CL Carbon Circuit-Breakers

DIAGRAM INFORMATION-—Continued

TYPE'CL" FIELD-DISCHARGE CARBON CIRCUIT BREAKER

+
EXCITER LINE _ _
|
2 R CARBON BHR.
AUX. SW. N el
o FIELD DISCHARGE
SWITCH CLOSES
3 WHEN BKR.GPENS
TRIP FLD. DISCH.
coiL : RESISTOR

SHUNT FIELD
OF GENERATOR

c | CONTROL
T SW.TRIP

="+
CONTROL SOURCE

BELL CONNECTIONS

USING "FLOATING CONTACT
CONTROL Sw.

"CL"
Lo sk, .

BELL BUS
/P 9 CLOSE TRIP

e — snm—

1
AUX, 5w, CLOSE__eo Ol ‘et
TRIP em2 |l
—1Eko? [] o~

a 8

CONTROL SW,TYPE w

S*51933/ ComaTiG (8eLL
SHOWN AS VIEWED FRON
ABOVE HANDLE END AT w
THE TOP

NOTE:

SEGMENT 7-8 CLOSES WHEN HANDLE
1S TURNED TO CLOSE POSITION AND
REMAINS CLOSED UNTIL THE HANDLE
1S TURNED TO TRIP POSITION

17




Type CL. Carbon Circuil-Breakers

DIAGRAM INFORMATION—Continued

TYPE'CL" CARBON CIRCUIT BREAKERS-CONTROL SCHEMES

FOR EL. 0P BREAKERS USING ONE CONTACTOR AND SPRING RETURN CONTROL SWITCH

+ 0-C, EO{VTROL_ (D-C.) X A-C. CONTRGL (A-C)
lc S CLOSE l lc 5 CLOSE | TRIPPING BUS
ISPR!NG €S | SPRING | 30-F
ol rETURN TRIP o RETURN (A7 s
TRIP

30-C

CONTROL SCHEME USING ONE
A-C, CONTACTOR (30-F) WiTHOUT
HESITATING SWITCH

CONTROL SCHEME USING ONE
D-C.CONTACTOR (30-C) WiTHOUT
HESITATING SWITCH

+ . _ (o-c) _ (4-C)
16 5 CLOSE 1 IC 5 CLOSE l TRIPPING BUS
| SPRING | cSs |5PR.'NG 30-F
ol RETURN TTRIP RETURN [ FuSE cs
TRIP
-\-so-c
T
HS 5
YB j
CONTROL SCHEME USING ONE CONTROL SCHEME USING ONE
DaC. CONTACTOR (30-C) AND A-C. CONTACTOR (30-F) AND
HESITATING SWITCH HESITATING SWITCH
LEGEND
8 BREAKER CO/L OF DEVICE
CC CLOSING CO/L

C5 CONTROL SWITCH L CONTACT OPEN WHEN CONTACTOR
T 1S DEENERGIZED

S HE IT
n SITATING SWITCH & 'ann. AUX. SW.OPEN WHEN BHR. IS OPEN

T TAIP COIL 9
BHA. AUX.SW. CLOSED WHEN BKR. IS OPEN
NOTE-

AUX.SWITCHES AND CONTACT ARE SHOWN FOR
OPEN BKA. AND DEENERGIZED CONTACTORS

18




Type CL Carbon Circuit-Breakers

DIAGRAM INFORMATION—Continued

TYPE "CL" CARBON CIRCUIT BREAKERS

CONTROL SCHEMES FOR EL, OF, TRIP~-FREE BREAKERS USING S-| RELAYS
CANNOT BE USEQD WHERE THE CLOSE CONTACT IS GF STAY-PUT TYPE

D-C.LONTROL SUPPLY  + (D-C)

Ic S CLOSE

SPAING
g d LAMP cUTOUT

?

LEGEND

B AREAKER

CONTROL SCHEME FOR EL. OP. TRIP-FREE CC CLOSING COIL
€5 CONTROL SwiTcH

BREANER USING 5-1 CONTROL RELAY
oN D-C. SUPPLY HS HESITATING SWITCH CON-
NECTED TO MECH,

S~1.0 S5-/ CONTROL REL.OPER.COIL
S-1.R 8-/ CONTROL REL,RELEASE CO/L

A-C.CONTROL SUPPLY x (A-C) T TAIP COIL

J’ C 5CLOSE I TRIPPING BUS | vy
o) seainG l c s
RETURN [] FuUSE TRIP Lﬁ ,fp Q COIL OF DEVICE
ouTPUT , CONTACT OPEN WHEN
RECTOX T RELAY IS DEENERGIZED
5  BKR.AUX.SW, OPEN WHEN
9  BKR.IS OPEN
BHR. AUX, SW.CLOSED WHEN
[ BKR. IS OPENED
L 8 B 8
[ X
y NOTE
CONTROL SCHEME FOR EL. 0R TRIP-FREE  (A-C) AUX.SWITCHES AND RELAY CON-

TACTS ARE SHOWN FOR OPEN

BREAKER USING 5-/ CONTROL RELAY
BHR. AND DEENERGIZED RELAY

ON A-C SUPPLY

19




Tvpe CL Carbon Circuil-Breakers

DIAGRAM INFORMATION—Continued

TYPE"CL" CARBON CIRCUIT BREAKERS CONTROL SCHEMES

FOR EL.ORTRIP FREE BREAKERS USING X-Y

CONTACTORS. TO BE USED WHERE THE “CLOSE" CONTACT IS OF

STAY-PUT TYPE OR SPRING RETURN

D-C.CONTROL SUPPLY _ +

1

CONTROL SCHEME FOR EL.ORTRIP-FREE
BREAKWER USING X-Y CONTROL RELAYS
ON D-C.SUPPLY

(0-C)

cS
LAMP
cuTouT

A-C.CONTROL SUPPLY (A-C)
1 l TRIPPING BUS |
| CL03E « — s
LAMP
cuTOUT
Y

CONTROL SCHEME FOR EL. OR TRIP-FREE

LEGEND

8 BREAKHER

cC CLOSING COIL

CS CONTROL SWITCH

HS HESITATING SWITCH CONNECTED
T0 ELECTRIC MECHANISM

TRIP COIL

CONTROL RELAY

AUX. CONTROL RELAY

<%~

CO/L OF DEVICE

4. CONTACT DPEN WHEN CONTACTOR
T /15 DEENERGIZED

& BAR AUX.5W,0PEN WHEN BKR.
? /5 DPEN '

BHR. AUX, SW.CLOSED WHEN BKR.
15 OPEN

BREANER USING TWO A-C. CONTACTORS
(X-Y) ON A-C.SUPPLY

20

NOTE

AUX. SWITCHES AND RELAY CON-
TACTS ARE SHOWN FOR OPEN
BKA. AND DEENERGIZED RELAY




Renewal Parts Data

Recommended Stock of Renewal Parts
TYPE CL CARBON CIRCUIT-BREAKER POLE UNIT
12.5 to 16,000 Amperes—250 to 600 Volts—D-C.—20°C.—Single Pole
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