L S

.

M-721-A
N

3

3

-

-

COMPRESSED AIR
CIRCUIT BREAKER

" Indoor Type“CA

August,, 1951

® 6 6 o o o

WESTINGHOUSE

ELECTRIC

CORPORATION

Switchgear Division e East Pittsburgh Plant, East Pitisburgh, Pa.

I.B. 33-680-C2A

Prinled in US.A






</

“

4

- L

N

INDEX

Description
Gonerlllnfomtion‘...o...-...--o......
High Voltage Cospartment . « « o+ ¢ ¢ o o ¢ 0 o ¢ o v « o o
Wrnnt“ﬂ'ﬂnihﬂl--................
Insulation LOVelB . s « ¢ « s o ¢ o ¢ o 0 0 0 0 0 00 e
'Ochwislwmnt...................
Mechanical Operation . . . . « s o o o o o o 0 0 0 0 & o o
Mnlnl or 'l'l'iDDiM Woutioll N e o 0 0 0 o 0 0 0 0 o
closin‘ wentlw (] [ (] . [ . L] L L] L) L] L) L] L] L] (] L] *» = (]
Arc Chute and Arc Intermt‘m I EEEEEEEEE D
Auxiliary Devices . . . . o s . o - ¢ ¢ o o o s 0 0 n 4o
Compressed ALr BUPPLY « + + ¢ ¢ « o « o o o s o o s s Mo o

Receiving, Handling and Btoring
Recodving . . . ¢ ¢ ¢ v v o ¢ 0 0 0 0 oo AN s Do o o
Hu‘dlin‘tt-0‘..'!'00000!'-~00l'000..
eringonuotoln..tl!lv..l.00000!!0

Installatjon

-
Asseably . . . . . . o o v v 0 P M - e e e e e e
Alr Coanections . , , , ., e Qe ¢ 0 0 o v 0 e e e
'11‘1“'..- o o 0 0o 0 0 ofe N e WD e 0 e 0 0 0 e 0 s e 0
'l‘rlalmeratlon..«. o 4 efie Ve 0 0 0 0 4 v e 00 e
Ail‘&lpplymit o o of 0 o e el e 0 0 0 0 0 0 9 9 0 o o 0
Operation and Maintenance
Qeneral . . . . . /. % .. ... o« v e e s o 0w
Devices Operated by Compressed Air e s e e e e e e e
Reservoir, Ais Lines{ Safety Valve and Pressure Gauge . .
Pneumatic, Mechanism and Megnet Valves . . . « « . . . . .
Blast Valvew, . "¢, . . .. T
Pressure,B8witches . . v 8 4 s e e e e e s e e
Control Scheme,and Control Panel . . . . . +s ¢ ¢ ¢ o v o &
Bhock Absorbers . . . . . . . . . .. .. e e s s e e v e
Hand Operating Lever
Mechanism Interlock . . . . .
Pole lnit Assembly . . . . . . . . . v v v 0 0 v o 0 o o
Arc Chute and Arc Chute Re-oval N .. ..
Btationary Contact (upper terminal and contoct ttuers) .
Moving Contact . . . . . v ¢ ¢ . 4 v e e e e e e e e e
operating Rod, Blast 'mbemdmpporta S o e 0 b e e v .
Door Interlocks . o . . . ¢ ¢ ¢ ¢ o s.0 1 s 0 0 0t e 4 e e
Il\aoeotionﬂleokbist..................'.
lenelall'artﬂ..~......-............-.

e o * o

e [ e © o a

® e © 8 e e o @ © o o o o

e e o © o o

e o o o ¢« ®© o © o ©

* ® o e e

.

L I N ORI C C

10
10
10

12
12
13
13
13

156
16
16
16
17
18
19
a1
a1
a
22
22
a3
23
24
24

a4






H

ILLUSTRATIONS

Figure Page

Prontispiece View of a 1,500,000 Kva Compressed Air Circuit Breaker , . . i1

Breaker Side View showing Current Path . . . . . . , .
Breaker Side View showing Compressed Air Flow , . , .,
Breaker Pole Units with Arc Chutes Removed . . . .
Interruption Action of Cross Blast Air Breaker
Arc Chute Cooler Assembly . ., . + . o o+ &
Breaker Mechanism Compartsent . . . , . ,
Sectional View of an Air Line Pitting . .,

Do

v o a o o
v @€ o ®© o © o e

Sectional View of a Magnet Valve . . ,
Bectional View of Pneumatic Mechanism
10 Sectional View of Blast Valve . . . .
11 Penn Electric Pressure Switch , . . .0 .
12 Breaker Wiring Diagram . . . . . ., . .
13 Sectional View of shock Absorber . % . "
14 Bide View of Pole Unit Assembly with Arc
Chute Bide Plate Removed .\ 0. ™0 . . . v s o o o o s 0 o s 33
15 Stationary Contact Removal, with'Special wrench . ., . . , « . « & 34
16 Arc Chute Resoval . . . . e WD 4 s s e b e s e e e e e 36
*

-

DO e W -
e ©® g e ©®© g e g & e
Y]
-3






=

FRONTISPIECE

View of a 1,600,000 Kva Compressed Air Circuit Breaker

Photo 324974

114

33-680-C2






N

DESCRIPTION

GENERAL INFORMATION

A circuit breaker is a devico capable of repeatedly interrupting the flow of current in
an electrical circuit. The Type 150 CA-1600 compressed air circuit breaker is a device de-
signed to operate in air with a normal current carrying capacity of 2000 amperes at 15,000
volts a-c but capable of interrupting fault currents as high as 62,500 amperes»at 13,800
volts a-c. This indoor breaker is normally used for power house and substation service and
18 Just one’of a 1line of air insulated and air operated breakersyfor nominal service voltages
of 16,000 to 69,000 volts with interrupting ratings of 1,000,000 kva, to=3, 500,000 kva.

Utilizing compressed air at a pressure of 150 pounds per square ‘inch as a means for me-
chanically opening and closing breaker contacts as well as for, extinguishing a power arc, the
Type CA circuit breaker is essentially electro pneumatic in operation. The breaker operating
mochanism and control equipment is located near the floor,in“the mechanism compartment while
the contact structure and arc chute, which is at a potentialyof 13,800 volts, is located in
the high voltage compartment as shown in Pigure 1.

HIGH VOLTAGE COMPARTMENT

Moving contacts, upper and lower terminals and arc chutes comprise the chief components
in tbe high voltage compartment. This compartmentis isolated from the mechanism compartment
underneath by a three eighths inch thick grounded) steel plate and, in addition there is ample
rooa above the high voltage compartment for thefexpansion of gases discharged from the arc
ohute during interruption. A one eighth inch sheet steel plate acts as a barrjer between the
high voltage compartment and the spacé ubove the arc chute in order to prevent the possibility
of any gases from the top of the.arc ‘chute returning to the contact structure below. Metal
barriers are also placed between phases to isolate each pole unit.

Current Carrying Path

The actual current path thirough the breaker is indicated in Figure 1 by means of arrows.
This fligure shows only one ‘pole/of a three pole breaker in order to clarify the illustration.
The current 1s assumed to be,entering the upper terminal and then tlows into the contact fin-
gers which are designed to gilve good contuct pressure as well as long wear. From this point,
the current passes to the meving contact arm. A break is indicated between the contact fin-
gers and the moving contact arm to show the point of uctunl parting of moving and stationary
contacts althoughtno such gap will exist whean the breuker is closed and carrying normal load
current. The currentithen passes from the woving contact arm to contuct bridges which are
mechanicully held in pluce in such a munner as to allow the woving contuct to rotute freely
about the hinge 'pin and still provide an excellent current path from the contact bridees to
the lower (breaker terminul. Four contact bridges nre used i the 2000 ampere breunker.

During aré interruption. the current tollows exactly the same path as just described ex-
océpt that duo to the maguetic ¢ffect of the louped current puth thyough the breuker plus the
action of 'the comprassed air blast. the sic woves upwurd tfrom Lhe contuct ringers Lo Lhe arce
tip diréctly ubove them. Thu conluct tip 15 clectricully a purt of the upper terminal casting.

This tip is highly arc roesistant and withstands the burning action of the arc thus eliam
inating burning on the contact ringers which then remuin in good coundition to carry normal
load current. On the moving contact, the sume uction takes place und a similar piece of arc
resistant motnl is used on the tip of the moving arm at Lhe point where contacta purt. The
arc then moves upward uto the are chute whore it 18 extinguished.
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Insulstion Levels

The high voltage compartment is designed and constructed in such a manner that it meets
all voltage requirements. While the breaker is rated for 15.000 volt services dadequate space
around live parts is provided to withstand 50 000 volts r.m.s. for one minute and an impulse
voltage of 110.000 volts for a 1/2-40 micro second wave.

MECHANISM COMPARTMENT

The ajr reservoir, blast valves. pneumatic mechanism and all partsmoperating at or near
ground potential are located in this compartment. Figures 1 and\6 show_this compartment and
the srrangement of enclosed parts The electro-pneumatic valves control the flow of compressed
air into the pneumatic mechanism which in turn actuates the breaker moving contact arm. The
260 volt d-c control voltage is kept separate and isolated from/the 13,800 volt a-c circuit in
the high voltage compartment.

MECHANICAL OPERATION

As shown in Figure 2, a single pneumatic mechanism operating through a single shaft syn-
chronizes the operation of the blast valves and threé contacts so that blast air is always
available for arc extinction when contacts part.) Arrows indicate flow of the compressed air
out of the reservoir. Mechanical operation of the“'breaker by hand through use of a hund oper -
ating lever is also possible. However. hand“operation of the breaker must never be attempted
if the 250 volt d-c control cjrcuit is energized. or if the breaker terminals are energized.
Also, the reservoir should be emptied oficompressed air before attempting to use the hand op-

erating lever. .

Opening or Trippang Operation

A pneumatic mechanism consisting of a brass cylinder enclosed on each end, with a piston
inside the cylinder is mountedjun the mechanism compartment as shown in Figure 2. When com-
pressed air flowing from theWreservoir through piping to the pneumatic mechanism is admitted
on the upper side of the mechanism piston. the piston moves downward causing the shaft cam to
rotate and the operating rod toypull open the moving contact arm Arrows indicate the flow
of compressed air from_the reservoir to the mechanism for a breaker opening operation.

Rotation of the shafticam causes vuarious levers to open the blast valve thus allowing
compressed air to (passhfrom the reservoir up the blast tube and between the separating con-
tacts. The compressed air. after aiding in extinguishing the arc, passes up through the arc
chute coolers and,out®the top of the urc chute. Arrows in Figure 2 indicate flow of the com
pressed air from the reservoir up the blast tube into the arc chute. The moving contact arm
continues to move) away from the contact fingers until it reaches its full open position as
shown in Pigures8. The shaft cam allows the blast valve levers to drop off the cam and the
blast valve'récloses atter circuit interruption

Cloaing Operation

The closing operation is just the reverse of the opening operation. First, the compressed
air, “in flowing from the reservoir to the pneumatic mechanism, flows in the bottom of the mech:
anism and underneuth the piston thereby causing the piston to move upwards. instead of down
wards as in the opening or tripping operation. This flow of compressed air is controlled by
the opening and closing of the magnet valves on the pneumatic mechanism as shown in Figure 2.
During a breaker closing operation the magnet valve on the bottom of the pneumutic mechanism
is open thereby allowing compressed air to tlow in underneath the mechanism piston while the

‘magnet valve on the top of the mcchanism 18 closed. The piston. in moving upwards. causes the

operating rod to push the moving contact arm up. The moving contact engages thae contact fingers






thus completing the current path from the lowe: breaker terminal to the upper breaker terminal.
Becond, 1in closing the breaker, the shaft cam rotates clockwise but the blast valve/levers are
80 designed that the blast valve does not open. Due to the speed of the moving contact arm,
eir blast on closing is not required.

ARC CHUTE AND ARC INTERRUPTION

During a breaker opening operation, an arc is drawn between the arc tip ondthe moving
contact arm and the arc tip above the contact fingers. At the same timema blast of compressed
air from tbe ‘reservoir passing up the blast tube causes the arc to,be forced up into the arc
ohute. Pigure 23 indicates tbe location of the arc between the moving,contact grm and contact
fingers and, arrows show the path of the compressed air blast. Details‘of the arc chute are
shown in Pigure 4 while Figure 5 shows the detail of a cooler assesblyfrom an arc chute.

The arc chute consists of fibre plates and cooler assemblies.), The hot arc is blown up-
wards against the fibre splitters, by the compressed air blasty, The diffusion of the hot arc
gases with the fibre gases thus generated and the turbulence created by the compressed air
act to de-ionize the hot gases. At the following zero in'the current wave, de-ionization has
progressed to the point where the air blast itself removes the residual products of ionization
and changes the space hetween the contagts from a,conductor to an insulator. Further motion

‘of the moving contact inserts an air gap capable of'withstanding circuit voltage. Hot arc

gases blown through the arc echute during the .interrupting process are de-ionized by the cooler
easemblies.

.
.

Pigure 14 shows a view of the arc chuteé with,the side plate removed and shows the rela-

tipaship of moving contact with arc chute.

AUXILIARY DEVICES

Certain auxiliary devices are used in order to make breaker operation as completely au-
tomatic and as safe as possible. These devices, which are included in a standard breaker,
are listed and described brieflylas follows:

Control Panel - The 250 volts”d -c control panel makes opening and closing operations cf
the breaker entirely automatic once the operator has moved the control switch to either close
or trip the breaker., The control relays automatically govern the flow of compressed air op-
erating the pneumatic mechaniem and de--energize all magnet valve coila and relays after a
cloaing or opening operation has been completed.

Pressure Switches and Safety Valves - Pressure switches are adjusted and connected into
the electrical gontrol scheme 80 as to allow operation of the breaker only so long as the com-~
pressed air pressure does not fall below 112 pounds per square inch. BSafety valves relieve
the pressureg”if) it exceeds 165 pounds per square inch. Normal operating pressure is 150 pounds
per square inch.| An alarm pressure switch is set to close its contacts when the pressure falls
to 118 pai thua‘llrnlns the operator that the pressure is low. The alarm device that connects
to the preasure switch is not supplied by Westinghouse Electric Corporation.

Pressure Gauge. Position Indicator and Counter -~ A gauge to indicate air preasure in the
breaker reservoir 1s mounted on the front of the breaker where it is visible at all times. A
green and red flag indicator is also mounted on the front of the breaker so an operator can
tellPat a glance whether the breaker contacts are closed (red flag visible) or whether the
breaker contacts are open (green flag visible). A counter, mounted beside the indicator, re-
cords each breaker opening operation.

Hand Operating Lever - This lever can be used to open or close the breaker by hand in
order to check breaker mechanical operation.
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CAUTION® This lever shouid noc be used until air is exhausted from reservoir, until_the%250
volt d-c control switch on the control panel is open or until the 13,800 volt circuit is) de-
onergized.

Interlock - A plunger type interlock. when pushed, engages a projection on‘the breaker
sbaft locking the breaker in the contacts open position. The bhreaker cannot be closed until
the interlock plunger is released. A key type mechanism attached to the interlock also causes
the breaker to be locked open electrically by opening a contact in the hreaker<electrical
oclosing circuit.

Check Valve, Drain Valve and Cut Off Valve - A check valve is located in the air piping
between the incoming air line and the breaker reservoir so that asbreakyin the incoming air
line will cause the check. valve to close thereby preventing air from flowing out of the break-
er reservoir. This assures an adequate supply of air for breaker ‘opération until such time
a8 the break in the air system can be repaired. A drain valve is)supplied to drain off any
moisture that may have collected in the bottom of the breakeriyreservoir. A cut off valve is
also supplied between the incoming air line and the check valve to isolate the breaker from
the supply line.

Arc Chute Removing Device - An arc chute removing/device consisting of a bracket to be
bolted to the top of the arc chute and a hlock anditackle for attachment between the bracket
and the top of the breaker cell structure 1s,supplied:» It is not necessary to remove the arc
chute when routine inspection of breaker contacts™is made.

L ]

Door Interlocks - Door interlocks are'supplied to prevent unauthorized personnel from
opening the doors to the bigh voltage compartment. The doors may be opened by unlocking the
high voltage compartment center door with,thevproper key. The center door, upon being opened,
allows the end doors to be opened by turning’ the door handles.

COMFRESSED AIR SUPPLY

Various types of air supplyjunits are available to supply compressed air for operating
the circuit breakers. BSeparate,instruction books cover the operation and maintenance of the
air supply units
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RECEIVING, HANDLING AND STORING

The compressed air circuit breaker is shipped from the factory as a completely ‘assembled
unit,

RECEIVING

When the circuit breaker reaches its destination the Purchaser should check the material
actually received against the shipping lists to be sure that all parts have been received.
This will avoid delays in installation. If damage is found or suSpectéd, file claims as soon
as possible with the transportation company and notify the nearest representative of the
Westinghouse EKlectric Corporation.

HANDLING

The circuit breaker should be moved as near as possible towthe point of installation be-
fore removing it from the packing case. Care should beytakeniyin unpacking to insure that del-
icate parts are not injured. Use a nail puller.

Examine the apparatus carefully for breakage; distortion or anything else that might
cause improper operation, and see that all packing blocks are removed from the breaker. Re-
move all excelsior, djrt or other foreign matter, and look over the moving parts of the breaker
and its auxiliaries carefully go see that theylare in proper operating condition.

STORING

Compressed air circuit breakers whichjare not to be installed immediately should be
stored in a clean, dry place. Trouble and delay will be avoided by having good storage facil-
ities arranged so that the apparatus will be accessible only to authorized persons and can be
quickly located when required inythe erection program. Crated apparatus will store much bet-
ter if not unpacked., However,hthisymust not prevent the inspection of the equipment as de-
scribed previously, Conditions such as dampness, extreme temperature changes, dust and dirt
should be carefully guarded against. All open air lines should be sealed to prevent entry of
any foreign materials,

Circuit breakers operating without liquid di-electric depend upon the integrity of organ-
ic materials for their ‘nsulation strength. These materials are chosen as the best available
for the purpose)theyjare to fulfill and they are tested befoye leaving the factory to insure
that they meet fixed standards of insulating value, Whether or not they retain this di-elec-
tric value depends upon the treatment accorded them after they leave the factory.

10
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INSTALLATION

ASSEMBLY

The main breaker unit as unpacked is solidly connected to the rear switch compartment.
Instructions for anchoring the complete unit to the floor are contained in instruction books
covering the entire structure. However, the breaker must be firmly anchored to channels or
steel structure firmly imbedded in the floor. Holes in the base of the breaker are provided
for mounting bolts.

The breaker should be entirely cleaned before attempting operation“even™with the hand
operating lever. Remove all wrapping paper covering arc chutes and gole units. A vacuum
cleaner with a long hose attachment is recommended for cleaning the'breaker both inside and
out, After a thorough cleaning, the breaker should be opened using,therhand operating lever.
This lever can be used hy first opening the doors to the mechanism compartment of the breaker
and then inserting the hand operating lever in a bar with a squarewbroached hole, located on
the front right hand side of the unit. An upward pull on the handle will open the breaker.
Wipe off the graphite grease on the moving contact and lower ‘terminal contact bridges that has
accumulated dirt and apply a very thin layer of new graphitejgrease., This grease may be ob-
tained in 1/4 pint cans through any Westinghouse Office ‘hy specifying Style Number 1489698,
Open and close the breaker several times with the hand operating lever to make sure contacts
are free throughout the opening and closing stroke.

AIR CONNECTIONS

Piping connections from an air supply unitjto the breaker may be easily made at the
breaker hy connecting a straight length of 1-1/8 inch outside diameter Chase Type K copper
tubing or its equivalent into each endyof“a/Dresser Company tee fitting located in the front
center portion of the mechanism compartment.““The tubing need not be soldered but need only
be tightened in place with a wrenchJ, See Figure 7. Holes located in the side sheets of the
breaker allow the copper tubing run in‘one side of the breaker, connect to the tee fitting,
and continue out the other side of the, breaker to the next unit. Holes for pipe clamps are
provided in order to hold the copper),tubing securely in place in the breaker unit. A cut off
valve between the tee fitting and the breaker reservoir isolates the reservoir from the line,

CAUTION: All new air piping)should be blown out with compressed air before making connections
to the breaker and againpbefore the valve admitting air to the breaker reservoir is opened.

After blowing out the new line, admit air to the breaker un%il the pressure gauge on the break-

er reads 30 psi. Thenpclose and open the breaker using the hand operating lever. Repeat this
operation once or twice in’order to blow out any dirt that may have accunulated on the blast
valve seat during (shipment or storage. The breaker reservoir may now be charged to 150 psi.

CAUTION: Work safedly. Make a habit of removing the hand operating lever from its socket after

any hand operation/ Pneumatic operation of the breaker with the hand lever in its socket may
result dn senious personal injury. Do not attempt to operate the breaker with the hand oper-
sting/lever when the main power leads are energized or the control circuit switch is closed.

WIRING
i

Control wiring from the station control to the breaker should be installed in accordance
with the wiring diagram supplied by Westinghouse Electric Corporation. Figure 12 shows a
typical breaker wiring diagram. Control voltage is 250 volts d-c. When properly wired ac-
cording to the wiring diagram, closing the two pole switch on the control panel will apply
control power to the breaker operating auxiliaries. Examine relays on the control panel to
make sure all paper blocking has been removed.

12
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TRIAL OPERATION Y

After the breaker unit has been securely bolted to the floor, thoroughly cleaned both
inside and out, graphite grease on the moving contacts and inwer terminal contact bridges re-
moved and replaced with new clean graphite grease, breaker perated by hand with the hand op-
erating lever to check clearances, air connections made (: «r having been blown out to remove
foreign material), breaker opened by hand with 30 pounds : :zure to clean out blast valves
and all wiring connections made, the unit is then ready f: final inspection before a trial
operation is made.

A thorough inspection of the breaker should be made to see if any"parts,have become vis-
ibly loosened due to shipment. It should not be necessary to alter any adjustments as final
adjustments were made at the factory.

Charge the reservoir to 150 pounds pressure by opening the ciit off valve at the breaker.
Close the valve and slowly drain the reservoir by opening the drain valve located at the bot-
tom of the reservoir on the right side and watch the action of the pressure switches located
between the control panel and the mechanism. Remove the overs on the switches to note the
action of the electrical contact inside each switch., Switch #2, the control switch, should
be closed while the pressure is dropping from 150 pounds, down to 112 pounds at which point it
opens whereas the alarm switch ¥1 should be open.as the pressure drops from 150 pounds down
to 118 pounds pressure at which point it closes. “\Pressure switches will automatically reset
when the pressure is raised 15 pounds. After notingithe action of the pressure switches, re-
charge the reservoir to 150 pounds pressure and close, the cut off valve.

After checking to see that the hand operating lever is not in its socket, close the two
pole knife switch on the control panel and operate the breaker electrically by pushing the
close and trip buttons on the control panel. ' After two or three tripping operations, the
breaker control should be inoperative because the control pressure switch should lock open
the electrical control circuits. qRecharge the reservoir to 150 pounds pressure and leave the
cut off valve open. The breaker is“now ready to be put in service. - .

CAUTION: Exposed portions of compressed air breakers in the high voltage breaker compartment
carry line potential. Beforefapplying power to the breaker see that no grounded objects are
touching live parts, and that no ‘tools or other materials have been left on the breaker at
points where they may formja connection across potentials.

AIR SUPPLY UNIT '

See that air 4s shut off from other points in the delivery system where it might cause
injury or damage, and that all valves in the system are set to feed the desired point. It is

recommended that pressure in the delivery system be raised to 150 pounds before admitting air
to the breaker reservoirs.

13
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OPERATION AND MAINTENANCE ¢
GENERAL

The following information on adjustments is given as a guide for maintenance and,to fa-
cilitate reassembling of parts in case they have been removed for any reason or require replac-
ing at any time.

A definite plan of maintenance will be followed in describing the breaker adjustments so.
that a maintenance man may start at the bottom of the breaker and work, towards the top of the
breaker in progressive steps.

DEVICES OPERATED BY COMPRESSED AIR

. Reservoir, Air Lines, Safety Valve and Pressure Gauge

The incoming air supply line operating at 150 pounds pressure is connected to a Dresser
. Company tee fitting. Figure 7 shows the details of this 250 pound fitting which employs a

gasket seal made of natural rubber with a emall brass wound spring at one end of the gasket to
prevent flow of the rubber between the body of the €itting and the copper air line. This fit-
ting absorbs vibration and allows a certain amount of misalignment. Copper tubing should be
clean before assembling in fitting. The gasket{Tetainer cup and armored rubber gasket come
as a unit and spares should be kept on hand. ,Specify copper tubing size when ordering replace-
ments. This fitting eliminates the need for soldering or brazing of copper air line connections.

Figure 2 shows the incoming air supply line connected to a check valve. The purpose of
the check valve is to allow air to flow into the reservoir but to prevent air flow out of the
reservoir in case of a line break between  the breaker and the air supply unit. No maintenance
- or adjustment is anticipated on the check valve or on the compressed air reservoir to which it
is connected. All air connections (Dréesser fittings) should be checked for tightness. Air
piping running across the front of, thejbreaker should be securely clamped in placg on the
blocks provided. Air is stored in the reservoir at 150 pounds pressure. A Bafety valve set
to pop at 165 pounds in case of oyerpressure and a pressure gauge are supplied. Bee Figure 6.
Maintenance men should open the drain valve from the reservoir occasionally to drain off any
accumulated moisture. iy

Pheunatic Mechanism and Magnet Valves

Figure 2 shows the general location of the mechanism which is air operated. Air admitted
undermeath the piston forcdes the mechanism piston upwards which causes the breaker contacts to
. close. Air admitted on top of the piston forces it downward opening the breaker. Figure 9
shows a view of_theimechanism during a breaker opening operation. Air is admitted by the trip
magnet valve, (which) is operated electrically, to the top of the piston and to the top of the
. upper exhaust valve as indicated by arrows. The air pressure forces the piston downward there-
. by pulldng the,breaker contacts open. The piston which is composed of two plates separated hy
shock/washers travels to the bottom of the cylinder stopping against the bottom mechanism cast-
ing where thefshock washers inside the piston plates absorb part of the shock. Shock absorb-
ers connectéd to the breaker shaft absorb the greater part of the opening effort. Air trapped
underneath the piston has a clear path, through openings in the bottom casting as indicated hy
arrows, to the outside atmosphere. The air pressure forcing the upper exhaust valve downward
closes the lower exhaust valve and makes it impossible for air to enter the mechanism under-
neath the piston until the top trip magnet valve coil is de-energized. FEnergizing the close
magnet valve allows air to flow through the close magnet valve and against the head of the
lower exhaust valve. The lower exhaust valve moves upward allowing air to pass in under the
mechanism piston which is then pushed upwards causing breaker contacts to close. The upwrrds
motion of the exhaust valve causes the upper exhaust valve to close the air passage from the
A 2
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trip magnet valve to the upper side of the mechanism piston nd at the same times provides“a
path for air trapped above the mechanism piston to be exhau:::d to outside atmosphere through
ports in the upper exhaust valve casting. The upward motior of the mechanism pistongis stopped
by the piston striking the top mechanism casting. Shock wa::2rs between the piston(plates plus
shock absorbers on the breaker shaft absorb the shock of st:i:ping the mechanism pistonus"After
thousands of breaker operations made on a breaker during s 'ife test, the mechanism parts were
in excellent condition.

In case both trip and close magnet valve coils are e = zed at the samestime, the trip
magnet valve would take control because the upper exhaust valve head isylarger/in area than
the lower exhaust valve thereby pushing the exhaust valves downward allowing air to flow in on
top of the main piston and open the breaker. Air would be prohibited from entering the mech-
anism underneath the piston. because of the lower exhaust valve blocking the air passage between
the close magnet valve and the mechanism piston.

The oilite bearing in the top casting of the mechanism provides®enough lubrication to
keep the guide well oiled. A cover on the lower exhaust valye stem is used to prevent dirt
and grit from entering the lower exhaust valve entrance. If it,is desired to dismantle the
mechanism in case of trouble. It is suggested that the entireymechanism assembly be removed
from the breaker by removing the four long studs, that,support the mechanism, from the breaker
frame after first removing the copper air lines enteringithe magnet valve Dresser fittings.
Dresser fittings connected to the magnet valves @arembrazed in place and should not be removed.
After removing the four studs holding the top and bottom mechanism castings, the cylinder can
be removed and the piston assembly may then be _examined. Care should be exercised in removing
the piston ring in the upper piston plate. The nut ‘underneath the piston plates may be removed
thereby freeing the piston plates and the sheck ‘washers. The guide is swedged to a threaded
stud at the bottom of the guide which contains“the pin holding the mechanism link in place.

To reassemble the mechanism, make sure”the lower and upper exhaust valves are in place before
tightening the four mechanism studs{ All other parts may then be assembled as indicated in
Pigure 9. Maintenance men should, checkito see that the oilite bearing in the top of the mech-
anism is still furnishing adequate lubrication. Exhaust valves should be free to muve when
lifted by hand and no binding should exist between mechanism guide and oilite 'bearing when op-
erated with the hand operating lever., No adjustments are required.

The Ross Operating Company magnet valves mentioned in the preceding paragraph are shown
in detail in Figure 8. “Arrows indicate normal flow of air through a valve with the coil ener-

gized on the right hand sideyof Figure 8. The magnet coil when energized pushes a magnet trip
rod down which causes a“plunger to unseat a ball valve allowing air to flow past the ball and
push down a piston, asjindicated by the small arrows. This causes opening of the lower valve
seat and closing ofgthe upper valve seat which allows air to flow through the valve.

The view shown onwthe left side of Figure 8 indicates the flow of air that is trapped be-
tween the mechanism and the magnet valve when the magnet valve coil is de-energized. Once the
lower valve'seat has closed, the upper valve seat opens thus allowing the trapped air to flow
in reverse through the valve and out through the upper valve seat to the exhaust port in the
valve./ Telvalye has three parts marked IN, OUT and EXHAUST. No maintenance is anticipated
and no adjustments are required. However, in case of electrical failure, a new coil may be
installed byfremoving the top cover and retaining ring. The coil is then readily accessible.
In case of mechanical failure, it might be well to first remove the top cover to see if any
cuttings or foreign material might have lodged between the plunger and the plunger nut located
right beneath the retaining ring. It is not recommended that this be checked as part of a reg-
ular maintenance program as the danger of introducing new foreign matter is greater than any
preventative maintenance that might be accomplished. Trip and close magnet valve coils are
identical and interchangeable.
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Blast Valve

The blast valve allows compressed air from the reservoir to pass up the blast tube past
the contacts on a breaker opening operation. Figure 10 shows a detailed view of the blast
valve and its component parts. Arrows indicate flow of compressed air during a breaker open-
ing operation. During this operation, the breaker shaft rotates counter-clockwise allowing
the shaft cam to engage a roller on lever A causing the lever to rotate clockwise around pin
B. Lever A causes a larger lever C, rotating about pin D, to depress the/blast valve nut
which opens the blast valve allowing air to flow from the reservoir past the valve and up the’
blast tube. The blast valve opening should be nominally 3/4 inch as indicated in Figure 10
but a variation of plus or minus 1/8 inch is permissible. This dist&ncejcan be checked by
measuring the distance the blast valve nut is depressed when operating the breaker with the
hand operating lever. The breaker shaft continues to rotate counter-clockwise on opening un-
til the cam completely clears the rollers and levers A and C drops back to their normal posi-
tion allowing the blast valve to reclose. Air pressure against),the"valve cap plus the blast
valve spring keep the blast valve tightly closed.

The shaft cam and blast valve levers are designed so that, the shaft cam starts to pick
up" the blast valve levers and partially open the blast valve /almost immediately after the shaft
begins to rotate on a normal breaker opening operation. 3By the time the main breaker contacts
have parted, the blast valve is open approximateély=f0 per cent of the full blast valve opening.
The breakers are adjusted so that the full blast,valve opening, as indicated in Figure 10, is
3/4 inches when breaker contacts have parted 1-1/2 inches, This adjustment is made because
arc interruption normally takes place at someypoint“between contact parting and a contact sep-
aration of 1-1/2 inches. Approximately full,blast valve opening is maintained until contacts
have parted 6 inches or more at which time thejblast valve recloses.

During a breaker closing operation,  the breaker shaft rotates in a clockwise direction
until the shaft cam squarely strikesjthe roller on lever A. The shaft cam causes the roller
on lever A to be moved partly downward ‘thereby causing lever A to rotate counter-c.ockwise
about pin B. This allows the shaft cam to pass completely under lever A and-to continue its
motion until the breaker contacts are closed. Lever A, due to spring action, immediately re-
sets itself once it becomes mechanically clear of the shaft cam and is once again ready for a
normal tripping or breaker opening operation. The breaker has now been closed without opening
the blast valve.

The blast valve, Figure 10 effectively seals off air in the reservoir by the action of
the Neoprene seat against the blast valve removable body. A flexible "O" ring seals off the
alr between the removableybody and the reservoir while another "O" ring prevents leakage of
air along the blast valve rod. If an air leak develops, the flexible "0" rings and Neoprene
seat may be easily replaced by removing four bolts located near the blast valve nut and then
withdrawing the rémovable body from the valve casing. Removing the nut and cap from the valve
allows the Neoprene/seat to be removed from the cap. The "0" rings can then be easily removed.
If the seat shows signs of excessive wear, it should be replaced. After replacing the Neoprene
seat, t1ghten the spacer "0" ring and cap in place so that an .008 inch feeler gauge will not
pass betwéen the Neoprene seat and the metal spacer holding the Neoprene seat down. The cap
assembly shoitld then be replaced in the removable body. The valve closed gap should be checked
at this time using long metal strips filed on one end to meet the tplerances .025-.045 inches
specified in Figure 10. It is important that these tolerances be maintained in order that the
Neoprene seat will properly seal off the air and still not be deformed too much on each valve
closing. Reassemble the valve and removable body back in the valve casing and recheck the 3/4
ineh valve opening by measuring the depression of the valve nut as the breaker is operated by
hand. Levers A and C should operate freely and a gap of 1/32 to 3/16 inch should be obtained
between the roller on lever C and the blast valve nut as well as a 1/32 inch minimum clearance
between the roller on lever A and the shaft cam when the breaker is8 in the closed position.
Maintenance men should check the four bolts near the blast valve nut for tightness plus two

17






v

32-880-C2

bolts holding the shaft cam in place and should check lever: A and C to see that all pins and
parts are in place. The valve and removable body need not b« removed for routine maintenance
inspection unless the Neoprene seat 18 to be replaced due to ¢:r~essive air leakage. A Neak
rate of 5 pounds per hour is considered allowable on this type breaker. To determine_the leak
rate on a single breaker charge the reservoir to 150 pounds pressure and turn off the adr
supply at the cut off valve in the mechanism compartment. Allcw the breaker to stand for 30
ainutes and then record the pressure gauge reading. After on- hour has elapsed, read the pres-
sure gauge again and the difference in the two readings will .:dicate the breaker air loss.
All adjustments are noted in Pigure 10 except 1/32 to 3/16 ' : clearance between the roller
on lever C and the blast valve nut and the 1/32 inch miniz’  'earance betWeen the roller on
lever A and the shaft cam when the breaker is in the clos:. ;osition. .

Pressure Switches

The Penn Rlectric Pressure Switch illustrated in Figure 11 employs“a bellows and spring
arrangement to "make" or "break" electrical contacts at predetermined pressures. Bnap action
of the electrical contacts 18 obtained through the influence ,0f,a permanent magnet at the
switch contacts. The control pressure switch contacts are normally closed as long as the
breaker reservoir pressure is between 112 and 150 pounds._which, 18 the proper range of pres-
sure for efficient breaker operation. However. as soon @s ;jthe pressure is reduced below 112
pounds, the control pressure switch contacts open andylock' out the electrical control thereby
making it impossible to close or trip the breaker electrically. As soon as the pressure is
raised 15 pounds the control switch resets and bfeaker ‘operations are again possible.

A second pressure switch, labeled alarm switch. closes its contacts when the pressure
drops to 118 pounds and energizes an alarm device (the alarm device to be supplied by the Cus-
tomer) thereby notifying operators of a low_pressure condition. After the pressure has been
raised 15 pounds the alarm switch opens it8 contacts and de-energizes the alarm circuit. The
difference between the pressure at which, the contacts first operate and the pressure at which
they reset is approximately 15 pounds and is called the switch differential.

Differential adjustment (difference,between the cut -out and cut-in points) is ubtained
by means of the adjusting screw at,theyheel of the switch arm. To widen the differential,
turn the screw clockwise. in effect ‘increasing the distance the linkage must travel before it
picks up the contact arm. Turn the screw counterclockwise to narrow the differential. Do not
force the differential adjusting acrew beyond its’ normal limits. Do not attempt to adjust the
permanent magnet, or the 'magnetic clamp and main contact assembly. If it is desired to change
the point at which the alarmypressure switch contacts close to sound the alarm device. the ad-
Justing disc at the free end of the operating spring may be turned either to increase or de-
crease the operating springipressure Increasing the operating spring pressure raises the
pressure at which the"alarm switch will close its contacts while decreasing the operating
apring pressure will lower the pressure point at which the alarm switch contacts close. This
change will not_affectthe differential adjustment of 15 pounds.

The control switch pressure settings should not be changed without consulting Westinghouse
Electric Corporation unless it is evident that the switch i8 misadjusted. The range 112 to 130
pounds( 18 4 safe operating range and operation of the breaker at pressures below 112 pounds
would belquestionable in case of a high current fault operation.

In order to check the switch settings, pull the knife switch off the control panel and
close the cut off valve in the air line to the reservoir. Remove the pressure switch covers
and observe the action of the switch contacts as the air is drained from the reservoir upon
opening the reservoir drain valve located at the right hand side of the breaker. As each
awitch snaps open or closed, note the pressure gauge reading to see if the valves correspond
to the presasure ranges proeviously given. Pressure ranges are also noted on the breaker wiring
diagram Figure 12.
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Maintenance men should put a small amount of high grade, light, lubricating oil on the
pressure switch moving parts every six to twelve months. In the event of removal or replace-
ment, do not turn the switch by grasping the switch case, nor use a pipe wrench on the bellows
cup, use a wrench on the hexagonal shoulder only. Adjustments may be made as previously de-
scribed.

CONTROL SCHEME AND CONTROL PANEL

The control scheme is shown in Figure 12, The wiring diagram occupiesgthe left side of
the page while the schematic occupies the right side of the figure. The conventional rotary
type, 10 pole auxiliary switch operated by a link from the main breaker operating shaft is
used as shown on the left side of Figures 1 and 6 right above the control, panel. The control
panel is a swinging panel and Figure 6 clearly shows the availability of wiring for checking
on the rear of the panel. The wiring to the pressure switches, magnet 'valves, interlock and
adjacent breakers is carried in a wiring trough large enough in size to,allow easy accessibil-
ity for any necessary maintenance. Type MG-6 relays are mounted onjthe relay panel and are
enclosed for protection against dust and dirt. The relay coils are all the same and are inter-
changeable. Terminal blocks for Customers connections are located on the inside of the left
hand breaker side sheet and are readily accessible after swinging the control panel out of the
way.

The wiring diagram in Figure 12 is drawn looking into “the rear of the panel just the way
a maintenance man would see the panel while checking wiring. The general X-Y-Z scheme of con-
trol is used, the diagram here being shown for the open position of the breaker contacts and
with no air in the reservoir. The purpose of this scheme of control is to insure that, an
operating impulse having been initiated at the control switch, the proper timing and sequence
of valve operations will be carried throughdwithout further reference to the control switch.
Using the schematic, the sequence of operations 18 as follows.

To close the breaker, the control switch at the operator’s desk is turned to "close" po-
sition. This energizes the "X" relay which, through its four contacts, seals in and completes
the closing magnet valve coil circuit@thus’initiating the operation of air magnet valves as
described under "Pneumatic Mechanism®™. “Once the "X" relay has sealed in, an unsuccessful
closing operation due to release'of the control switch handle is no longer possible and the
closing operation continues regardless of the control switch position.

As the breaker operating shaft rotates toward the closed contact position, the "a" con-
tact on the auxiliary switch cleses and energizes the "Y" relay. The "Y" relay picks up and
opens the "X" relay circuityand the closing magnet valve coil. At the same time the "Y" relay
seals in and maintains, the /X" relay in its de-energized state so that in the event of pro-
tective line relay action calling for an immediate automatic opening, an attempt to reclose
can not be made through the control switch handle which has been held in the "close" position
throughout thiserfod. The handle must again be returned to neutral position before a second
closing opetration/can be made.

To /opendthe breaker, the control switch handle is turned to "trip" position which ener-
gizes the "Z" relay. This relay seals in and closes the opening magnet valve coil circuit,
initiatingithe operation of air valves as previously described.

Two pressure-actuated switches, both responsive, to air pressure'in the main breaker res-
ervoir, are mounted on a steel panel. Electrical connections for both switches are shown in
the wiring diagram. The function of one of these switches is to lock out electrical control
when)air pressure in the reservoir has been reduced to a point at which it is no longer ad-
equate for arc rupture. This lockout function is necessary because the breaker may be oper-
ated mechanically with air pressure lower than that at which it is safe to attempt circuit
interruption.
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The function of the second switch is to provide an alarm, either audible or visualefat
some predetermined point before lockout as a warning to the operator that pressure is becoming
low.

When the breaker i1s locked open by the mechanical and electrical intierlock on thewpneu-
matic mechanism, a contact in the closing circuit is opened which prevents closing the breaker
electrically as well as mechanically.

In the event that a tripping impulse is received at some time during & clesing operation, .
the following sequence of operations takes place.

The breaker continues to close until the "a" contacts of the 10/polepauxiliary switch
close. This energizes the Z relay which seals in and closes the trip magnet valve coil on the
pneumatic mechanism thereby initiating a normal breaker opening operation.

In order for the breaker to continue to close during allfconditions, perhaps even against
a high fault current, the mechanism must be sufficiently strong to“insure proper closing. This
has been amply demonstrated in the High Power Testing Laboratory,in East Pittsburgh. Further,
since the time to energize the Z coil and the trip magnet valve coil on the mechanism might be
a little less than the time to energize the Y relay, ‘which'then de-energizes the close magnet
valve coil on the mechanism, there is a possibility that both trip and close magnet valves
might attempt to admit air to the mechanism at the same time. This condition is taken care of
by the mechanism exhaust valves which give preference to the trip magnet valve and close the
alr passage from the close magnet valve to themechanism. In addition, it is important that
the blast valve levers are in the proper position to open the blast valve during the opening
operation. This 1is taken care of by adjusting the 10 pole auxiliary switch "a" contacts to be
delayed so as to not complete their circuit until after the blast valve levers have completely
reset and are ready for an opening opération. . These adjustments are all made at the factory
and should not require any changes.

If red and green lights are connected in the control circuit by the Customer as indicated
on the breaker wiring diagram Figure 12; the green light will indicate the breaker open posi-
tion and the red light will indicate the breaker closed position. In addition, the red lamp
circuit supervises the trip coeil, ("Z" coil and coatrol pressure switch #2. If the breaker 1is
closed with the red lamp lighted,{\then the circuit through the red lamp, trip coil, "Z" coil
and pressure switch 1s complete,dndicating that all devices in the trip circuit are in condi-
tion to trip the breaker. Ifythe breaker i1s closed and the red lamp is not lighted, then
either the red lamp, Atripicoil, Z coil or pressure switch is mot functioning properly and the
breaker may not trip.” “If the pressure switch i1s open due to a low pressure condition, the red
lamp would frail to Aight. “However, the alarm indication received from alarm pressure switch
#1 should indicate ‘low pressure. If the air pressure is normal (150 pounds) while the breaker
is closed and th@é"red lamp is still not lighted, then an inspection of the trip circuit should
be made to, determine whether the trouble is in the red lamp, trip coil or Z coil.

Maintenanteymen should check the control panel, relay contacts, pressure switch contacts
and interlock contacts to see that they are clean. The breaker should also be operated elec-
trically a few times with the cut off valve to the breaker reservoir closed in order to test
all electrical circuits plus checking to see that the control pressure switch locks out the
electrical control when the pressure drops below 112 pounds. Adjustment or setting of the 10
pole auxiliary switch should be checked as follows. With no air in the reservoir, slowly close
the breaker by hand and after the blast valve levers reset or snap into position right before
the\breaker closing operation i1s completed, attempt to "light out" the "a" contacts on the 10
pole auxiliary switch in the Z coil circuit (contacts 1 and 3 on the 10 pole auxiliary switch
when counted from the lever end of the switch). These contacts should still be open. A slight
continuation of the breaker contacts towards the close position should cause the contacts to
"make"” and the circuit should "light out". This check insures that the blast valve levers are
in position to open the blast valve before the trip circuit is "made up" for a normal tripping
operation.
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SHOCK ABSORBERS .

Four Gabriel Company single acting airplane type shock absorbers are used to controlwthe
speed of the moving contact arm during both opening and closing operations. The shock absorb-
ers are located above the reservoir with one end being attached to the steel mountinguplate
directly above the reservoir that separates the high voltage compartment from the mechanism
compartment. The other end of each shock absorber is attached to a steel bracket on the main
breaker shaft. During a breaker closing operation, compressed air under the mechanism piston
imparts an upward push on the piston which causes the breaker shaft to rotatemin a direction
to close the breaker contacts. Rotation of the shaft also moves the shock absorbers through
a compression stroke during which the oil filled shocks offer practically‘no resistance to
movement. Near the end of the breaker closing operation, the bracket onjthe shaft connected
to one end of the shock absorbers goes over center and direction of motion in the absorbers

Lo actually changes from compression to recoil. The shock absorber recoil stroke is where the
v greatest resistance to motion is encountered. This reduces the ‘speed of the moving contact
during the last few inches of travel thereby reducing closing impact.

Figure 13 shows a sectional view of a shock absorberi® Arrows indicate flow of the oil
during a recoil stroke which lengthens the shock absorbers/andrprovides the greatest resistance
to movement. The recoil valve disc controls the resistance to movement when the absorbers are
lengthened. When the absorbers are shortened in length, %eil flows through the compression
valve, which has no restriction whatsoever, and“therefore provides practically no resistance
to motion.

Action of the shock absorbers on a breaker opening operation is just the same as on break-
er closing. At the beginning of the breakeryopcning strokc, the compression stroke of the ab-
sorbers does not hinder the moving contact in ‘gaining the high speed necessary for efficient
interruption. However, as the brackeéton the shaft connected to the absorbers again goes over
center but in the opposite direction, the shock absorber action changes from compression to
recoil which, due to the lengtheningy0f the shock absorbers provides high resistance to motion.
The moving arm is then brought to aygradual stop with very little rebound. The maximum allow-
able rebound on opening is 20% offthe ‘breaker opening stroke. A spring over each of two ab-
sorbers holds the breaker in the closed or opened position by maintaining the shock absorber
shaft bracket over center. .

The shock absorbers are oilffilled and then sealed so that refilling, servicing or ad-
Justing is never requireéd. “The low cost of the absorber is such that replacement of a defec-
tive absorber is chéaperithan rebuilding the absorber. Maintenance men should inspect for
loose cotter pins and ‘signs’of oil leakage. If any leakage is noticed, the defective shock
absorber should befreplaced. The absorber is mounted on the breaker with the heavy end or end
with the protective, dust tube cylinder attached to the breaker mounting plate while the small
v end is attached”to)the shaft bracket. No adjustment is required.

HAND OPERATINGuIEEVER

A hand operating lever is supplied with each group of breakers in any installation. De-
signed toybedinserted in a linkage connected to the shaft, it permits opening and closing the
contacts for maintenance purposes. This handle should not be used gor breaker operation when
the main contacts are energized from a power source when the control circuit is energized and
extremefcare should be observed in its use with air in the breaker reservoir.

MECHANISM INTERLOCK

A mechanical and electrical interlock is mounted in the mechanism compartment. The me-
e chanical interlock consists of a plunger which, when pushed, interferes with a projection on
the breaker shaft and prevents the breaker from closing. A key in the electrical interlock
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when turned causes a rod to engage the plunger in the mechaliéal interlock and permanently
locks the breaker open. Turning the key also opens a contact in the electrical closingicir-
cuit which effectively locks the breaker open electrically 45 well as mechanically:

Turning the electrical interlock key in the opposite diFection closes a contact in the
electrical closing circuit and releases the mechanical inteflock plunger This allows the
breaker to close mechanically and electrically when an 6peFitor energizes the proper control
circuit or when the "close® push button on the control panél is pushed. /fhe.interlock is de-
signed to prévent the breaker from closing and is inopeftive if the‘breaker is already in
the closed position. No maintenance and no adjustment should be required.

POLE UNIT ASSEMBLY

The arc chute, upper terminal, contact fingers, moving cofitact arm, contact bridges. low-
er terminal and blast tube as shown in Figures 1, 3 and 14 are,thewprincipal parts of the pole
unit assembly. Figure 1 is a sketch showing the location of the'parts listed above whereas
Pigures 3 and 14 are photographs of the same parts. The_arc chute side plate in Figure 14 was
removed in order to show the inner parts of the arc chute.

Arc Chute and Arc Chute Removal

The arc chute as indicated in the sketch,Figure 1“and photograph Figure 14 is the inter-
rupting device used to aid in extinguishing thejhigh“current arcs.

It should not be necessary to disassembleithe arc chute completely unless the slots in
the splitter plates have eroded excessively as, a result of interrupting many faults.

Internal materials of the chute against®“which the arc impinges are chiefly hard fiber
which has the property of being self.-cleaning under arc action, and the air blast at each open-
ing of the breaker should keep the, interior of the chute free from loose dirt.

.

The fiber splitter plates/fanning out lengthwise of the chute, will be the first to show
erosion under arc action although these plates should show relatively long life under average
switching conditions. Eachisplitter has a notch or slot cut in its lower end, these notches
lining up into a groové through /which the moving contact passes.

Splitter plates are held” in position in the chute by a row of parallel grooves in the
fiber block at the bottomief the chute, and by studs passing through the arc chute sides at
the upper end of the splitters. They are disassembled by removing the one stud in each split-
ter and pulling out from the upper end of the chute. The cooler assemblies carrying the cooler
plates and screens)are disassembled in the same manner. While it is possible to replace one
splitter platé at a time without a general dismantling of the chute, it is advisable on replac-
ing any splitter to dismantle the remainder of the chute for inspection. This work is best
done with theychute removed from the breaker.

The notch cut in the lower end of each fiber splitter plate is 1-1/4 inches deep when néw.
Action ofythe arc over extended periods of time and high current interruptions will cause this
glot to burn deeper When the slot exceeds 2 inches in depth, a new splitter plate should be
ordered and installed at the next convenient inspection. The rate of the erosion of the split-
ter plates is such that for normal power house usage, replacement should not be necessary until
after 15 or 20 years of service.

The arc chute may be easily removed from the breaker by first removing the interphase
barriers separating the phases in the high voltage compartment Removable covers, as shown in
Figure 16. are unbolted from the space above the arc chute on the front of the breaker struc-
ture. A removable steel frame angle located in front of each arc chute is then removed. A






steel bracket is then bolted to the top of the arc chute and a block and tackle is placed“be:-
tween the top of the arc chute bracket just bolted in place and the top of the breaker €ell.
Three bolts holding the arc chute in place on the breaker are removed and rubber gasket mate-
rial at the top of the arc chute is removed. The chute can then be moved forward towards the
front of the breaker about 1 inch by grasping the top and bottom of the chute at the ‘front
edges and moving the chute up and down and pulling forward at the same time. The chute may
then be lifted clear of the contacts with the block and tackle and lowered to the ground.

To replace an arc chute the reverse procedure is followed with the exception that the
cover casting located above the contact fingers on the upper terminal ‘must'be loosened by re-
moving the four bolts holding the cover casting in place. This allows_theyarc chute to slide
into place. The cover casting is then pushed tight against the arc chute,and the bolts tight-
ened after the three bolts holding the arc chute in place on the breaker have been replaced.

Ma intenance men should inspect the depth of the slots in the,fibre splitter plates. The
arc chute need not be removed for this inspection as a visualgdetermination is accurate enough.
No adjustments are necessary

Stationary Contact (Upper terminal and contact fingers)

The stationary contact structure consists of the‘'contact fingers bolted to the upper ter-
minal as shown in Figure 15. The contact finger8®receive the moving contact arm at the open
end of the fingers which causes the contact fingersihto open slightly when the moving contact
enters. The contact fingers acting like a tuning, fork hold the moving arm tight due to the

¢ action of the fingers in trying to resume their normal position. The contact fingers make a
line contact instead of a flat surface contact on all six fingers. Experience has proven that
silver plated contact fingers with line contuct,will carry the normal load current of 2000
amperes equally as well as a flat surface contact

Figure 15 shows the method of ‘boltdng the contact fingers to the upper terminal in case
of replacement. A special wrench“made of 3/8 inch hexagonal steel bar and approxim.tely 18
inches long welded to a short handle ‘partially hidden in the workman’s hands 4n the illustra-
tion 18 used for tightening the /Allen head bolts holding the contact fingers to the upper ter-
minal casting. The arc chute must be removed in order to change or replace contact fingers.
Depending on service requirements, these fingers should have long life and should not require
replacement for a periodbof 15 to 20 years .

Maintenance men_ in replacing contact fingers should allow the moving arm to align the
contact fingers before,tightening the bolts holding the contact fingers in place. No adjust-
ments required exceptvtheyaligning method just mentioned

- Moving Contact

The moving)contact, as shown in Figure 1. rotates about a hinge pin. The upper end of
the contact engages the contact fingers and the lower end furnishes a surface for one end of
the contact'bridge to ride on Figure 3 shows all three moving contact arms while Figure 14
shows thefdetadls of the contact bridge construction at the lower end of the moving arm. All
contact surfaces are silver plated and in addition, an arc tip composed of silver tungsten,
an arc resistant material 1is brazed in the upper end of the moving ‘contact. Current is nor-
mally carried on the silver plated faces at the upper end of the no€1n¢ arm where it makes en-
gagement with the contact fingers During current interruption, the arc is transferred from
the normal current carrying surfaces to the arc tip and remains there until interruption takes
place This allows the normal current carrying surfaces to remain in good condition to carry
load current At the lower end of the moving arm the contact bridge. which consists of a hard
copper bar with silver hlocks brazed on each end rides on the curved silver plated surface of
the moving contact Springs pushing the contact bridge against the moving armand lower terminal
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maintain high contact pressure. The silver plated lower terminal makes contact with theWsil-
ver block brazed on the contact bridge to complete the current path from the movingfcontact
amm through the contact bridge to the lower terminal. Four contact bridges are used on the
2000 ampere breaker although only a side view of only one is visible in the illustration,
Figure 14. A thin layer of grabhite grease should be applied to each end of the cupalloy mov-
ing arm for lubrication purposes.

Maintenance men should check the alignment of the moving contact arm as ityenters the
contact fingers at the upper end of the moving arm. Wipe off the old graphite grease and ap-
ply a thin layer of new graphite grease at both the upper and lower endsgof, the moving arm.
Any roughening of the silver contact surfaces at the upper end of the moving contact such as
deep scratches may be smoothed out with a fine and very flat files, Care must be observed as
the silver plating is only .003 inch thick. Sandpaper, emery cloth or,steel wool is not rec-
ommended for this purpose. 'No adjustments required.

Operating Rod, Blast Tube and Supports

The operating rod connects the moving contact arm to,the breaker shaft as indicated in
Figure 2. The rod is made of a high grade wood Micartajwith wire wound metal rod ends on each
end. Bufficient creepage distance along the surface of the Micarta is allowed to properly
protect against voltage breakdown between parts atyl3,800 volts and parts at ground potential.

The blast tube is made of paper Micarta selected for its excellent dielectric qualities
plus its resistance to mechanical shock. The paper Micarta posts to the rear of the blast
tube aid in supporting the weight of the arc chute and also provide additional support for
the upper terminal casting.

-

Maintenance men should keep all insulating materials free from accumulations of dirt and
dust. Loose dust may be blown off with dry compressed air, cleaned with a vacuum cleaner or
wiped with a clean dry cloth. (Steam waste is not recommended for this purpose due to its tend-
ency to leave a residue of limt onfinsulation surfaces. The nut on the lower end of the oper-
ating rod should be checked foritightness. No adjustments required.

DOOR INTERLOCKS

Door interlocks, are supplied to protect personnel from opening the doors to the high
voltage compartment withoutsfirst having opened the disconnects and obtained a key to the
doors. Upon obtaining the, proper key, the center door to the, high voltage compartment may be
unlocked and opened. ““After opening the center door, each ehd door may then be opened.

Oonly the c¢enter door has a lock while locking bars connecting each end door to the center
door keep the end doors locked.

Maintenance men should oil all pins on the interlocking bars. No adjustments required.
INSPECTIONYZCHECK LIST

Periodic inspections of the circuit breaker should be made and the frequency of these in-
spections should depend on the severity of the service to which the breaker is subjected. It
should be borne in mind that to secure the protection for which the breaker is installed, the
mechanism must be kept in the best of operating condition at all times and it should be given
something more than perfunctory inspection. As some exposed parts of the breaker are at line
potential, the circuit should be so arranged as to permit isolating the breaker for inspection
purposes in order that a complete check may be made.






The frequency of inspection, cleaning, etc., will depend upon the activity and”the, duty
to which the breaker is subjected, and upon the cleanliness of the atmosphere and surroundings
of the breaker. For compressed air circuit breakers it is recommended that a preliminary of

P ' visual inspection be made every two to three months. A complete inspection, including remov-
al of the arc chute for inspection and cleaning, should be made every nine to twelve months.
When breaker activity is high or where atmospheric conditions are dirty, inspections should
be made more frequently, When a breaker has been subjected to automatic openings on unusual-
ly high short-circuit currents, it should be given a preliminary inspection.

On any inspection the following points should be noted in particular:

1. Inspect the breaker structure in general to see that all bolts,%nuts and set screws are
tight; that all cotters are in place, etc., as well as to note evidences of excessive
wear or of improper operation .of the various parts.

A light application of lubricating oil to the pin connected” joints will result in smooth-
er operation of the moving parts, and materially réduce wear oh the pins. Zerk fittings
.’ are provided for greasing the breaker shaft bearings.

2. Check Dresser Company fittings on all air lines for tightness.

3. Examine pneumatic mechanism for loose bolts,at\both top and bottom. Guide should be
checked for lubrication. Exhaust valves (Figure 9) should be free when moved by hand.
Oilite bearing should be flush with the“top of mechanism casting. There should be no no-
ticeable friction when the breaker is operated with the hand closing lever.

4. Observe wiring to see that tne insulation has not worn where the wiring from the control
panel, pressure switches, magnet valves or interfock enters the wiring trough. Check
‘=;/ control panel to see that 4all relays are operating properly. Control voltage is 250 volts
d-c. Minimum "pick up" value/of relays is 90 volts d-c or lower. Conduit fittings
should be checked for tightness.

5. shock absorbers should/be/examined for leaks. Replace leaking shocks.

6. Ten pole auxiliary [switch cover should be removed and contacts on poles Number one and
three from the rightyhand or lever end should be checked as follows: Slowly close the
breaker with thé hand operating lever and notice when the blast valve levers have com-
pletely reset,sojas to be ready for an opening operation, At this point, contacts on
poles one andthree on the auxiliary switch should still be open. However, any addition-
al movement of the breaker towards the breaker closed position will cause contacts on

N " poles oneland three to close.

NOTE:, Breakermain contacts may close before the blast valve levers reset.

T.4 Open and olose the breaker with the hand operating lever and watch the operation of the
blast yalve linkage (Figure 10). See that a minimum clearance of 1/32 inch between the
shaft cam and the roller on lever A exists as well as 1/32 inch to 3/16 inch clearance be-
tween roller on lever C and the blast valve nut when the breaker is in the closed position.
The blast valve opening should be 3/4 inch plus or minus 1/8 inch as measured by the move-
ment of the blast valve nut after main breaker contacts have parted 1-1/2 inches. Blast
valve should close after main breaker contacts have parted 5 inches or more.

8. Examine moving contact arm for evidences of undue burning on the surfaces making contact
with the stationary contact fingers at the upper end and the contact bridges at the lower
end (Figure 1). A fine file may be used to dress or smooth the contact surfaces but care
should be observed as the silver plating is only .003 inches thick. All moving contacts

(\
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should touch the stationary contact fingers upon breaker closing within 1/8 inch of each
other and should enter the contact fingers 2-1/4 to 2-1/2 inches. Contact separation in
the breaker open position is 13 to 15 inches. 8tationary contact fingers may be_examined
for undue burning with a flashlight through the open slot in the front of the arc chute.
Contact bridges at the lower end of the moving arm should be examined to see that, they
are still in their proper position.

9. Arc chute should be examined to determine how deep the fibre plates have burned as ex-
plained in the section on arc chutes in Part Four.

10. Door interlocks should be tested to make sure that the end doors willynot“open unless the
. center door is unlocked and opened.

) 11. Fill the reservoir with.compressed air. After making sure thethandwoperating lever has
* been removed from the breaker, operate the breaker electrically hy» pushing the buttons
marked "close" and "trip" located on the control panel. Onpa nommal closing operation,
the pressure gauge should drop from 150 down to 148 pounds pressure. On a normal trip-
. ping or opening operation, the pressure gauge should drop%from 150 down to 125 pounds.
A variation of plus or minus 5 pounds is allowable on a tripping operation and plus or
minus 2 pounds on'a closing operation. This is{the best /indication of overall breaker
performance.

I

12. Observe moving contact arms for excessive bounce on‘an opening operation. No bounce is
the most desirable condition but a bounce up,to 20% of the total opening stroke is per-
missible.

13. With air in the reservoir, check the safety valve, which is on the same air line as the
pressure gauge, hy pulling the stem several times to insure that it is working properly.

14. Remove the covers from the alarm,and control pressure switches and exhaust the air from
the reservoir slowly. The cutyoff valve on the breaker should be closed and th drain
valve located on the right side of the breaker at the front should be opened. ‘'Note the
gauge pressure at which the/contacts make or break. The alarm switch should close its
contact when the pressure has/dropped to 118 pounds while the control switch should open
its contact when the pressure has dropped to 112 pounds. Contacts then reverse their
motion when the pressure)is raised 15 pounds. Switches should be readjusted if required
as explained in the section on pressure switches in Part Four.

15. Open the reservoir,drain valve to remove any moisture thdt may have collected.
16. Again operate ithe breaker several times with air to see that all parts are working properly.
17. An air leak tést as explained in the section on blast valves in Part Four may be made if

desiredyin‘order to detect leaks greater than 5 pounds per hour. This test is not neces-
sary 1if th9 air supply units have not been operathg over 10 minutes per hour.

*

¢
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FIG. 14

Side View of Pole Unit Assembly with
Arc Chute Side Plate Removed
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RENEWAL PARTS .

- Recommendations for a 1ist of parts to be carried as renewals for circuit breakers de-

o scribed in this book may be obtained by application to the nearest District Bales Office.(The
1ist so obtained will be offered as a suggestion and need not necessarily be considered as
final.

In ordering a stock of spare parts, due consideration should be given to a number of
factors: for instance, the severity of the service to which the breaker will¥be subjected;
the relative importance of maintaining the breaker in uninterrupted service;sthe duration and
frequency of the periods cduring which the breaker may be expected to be normally out of serv-

- ice and available for minor repair work; the length of time required t6 procure new parts
from the factory, and such other conditions as may be peculiar to the particular application
in question.

[

When ordering renewal parts, give the Stock Order Number of theycircuit breaker as shown
on its nameplate. For parts which carry nameplate, specify the Style Number or Stock Order
4 Number which appears on that nameplate. Parts carrying no nameplate may be specified by the
name used in this book, but the stock order number stamped onithe breaker nameplate should
always be given.

A J
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