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FRONTISPIECE 

View of a 1,600,000 Kva Compressed Air Circuit Breaker 
Photo 324974 
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DESCRIPTION 

GBNERAL INFORMATION 

A circuit breaker is a device capable of repeatedlY interruptinc tho flow of current in 

aa electrical circuit. The Type 150 CA·l500 compressed air circuit breaker is a device de­

•ilaed to operate in air with a normal current carryina capacity of 2000 amperes at 15,000 
volta a·c but capable of interrupting fault currents aa hi&h as 62,500 amperes at 13,800 

volts a·c. This indoor breaker is normally used for power bouse and substation service and 
is Just one'of a line of air insulated and air operated breakers for nominal service voltageti 
of 16,000 to 89,000 volts with interrupting ratinas of 1,000,000 kva to 3,500,000 kva. 

Utilizing compressed air at a pret;sure of 160 pounds per square inch as a means for me·· 
chanically openin& 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 
.abanis• and control equiPIIIOnt 1s located near the floor in the aaechan1sm compartment while 

tbe contact structure and arc chute, which is at a potential of 13,800 volts, is located ln 

the bi1b voltaae ca.part.ant as shown in Figure 1 . 

HIGH VOLTAGE COMPARTMENT 

MOvinc contacts, upPer and lower terminals and arc chutes comprise the chief components 
in tbe high voltaae compartmeil\ . This compartment is isolated from the a�chanism compartment 
underoeath by a three eigbths'inch th1ck grounded steel plate and, in addition there is IUIIple 
roo. above the hi1h voltaae comparta�nt for tho exl)ansiou of gases discharged from tho arc 
obyte duriDI interruption. A one e1ghth inch sheet steel plate acts as a barrier between the 
bilh YOltase COIIJ)artiiOnt and the space above the arc chute in order to prevent the possibility 
of any gases fro• the top of the arc chute returning to the contact &tructure below. Metal 
barriers are also placed between phases to isolate each pole unit. 

Current Carryinl PAth 

The actual current path thi·ough the breakoa· is indicated in ft,igure 1 by 111eans of arrows. 

This figure shows only one pole of a threti t)Qle breaker in order to clarify the illustration. 

The current ls assumed to be entortng the upper ter111tnd and then flows into the contact fin­
Jers which are designed to give good contu.ct prm;::�ure tu; well as long woar. !''rom this point , 
the current passes to thu woving contact aru1. A breuk is indicated butwuen the contact flo· 
1era and the mov1� contact arm to show the point of actual parting of moving aut! tJtutlontLrY 
contacts altbou1h no such gap will exist when tho broaktH' is closed 11nd carrying normal load 
current. Tbtt current thun pau;�>ea from the 1110ving contu.ct au·•u to contact bndges which are 
118chanicl&lly held in Jllace in t�uch a 111armer as to allow the uaovinH contact to rotu.te freelY 
about the hince pin and stlll provtde an excel lent current path from the cont.u.ct brtd�es to 
the lowur IJrea&kttr te•·minal. ft�ouJ· cont.�&ct bridges ttre u�od ill the 2000 an•a>ere bre�tker. 

During are intun·uption. thu CUrl'tJUl follow� tJXU.Ct.ly the :illiAO path Uli jUSt de::>cnbud ex· 

oept that duo to thts IIIUHUetJC ctruct 01' the !ou11ed cunont path thlOUt:h thu breaker plus the 
action of the COIIIPftisSt!d air bltu>t. tht� til c lllOVOii upwaa·d f.-om lho coulut:t I lUger:> t.o lllt' arc 

Up dtructh llbovo thew. 'J'hu (:onluct llp w olecll' icdly a part ol 'tho Ul1&1el· lcnu111al Ci.u;tlng. 

Tbis t lP lli highly nrc r11H lHtaut 1111d w1 l.hl:llanda the burning act ion of tho u.rc thus e 1ta1· 
inatlnK burning on the contact flngera which thun ru����&in in tiOOd condition to c11rry uon1al 
load current. On the 1110ving contact, the Hu.tue action takes pl�&ce a&lld n liimllar p1ece of 1\I'C 
resistllut 110td iH uuctl on thu tip of tho PIOYU1K arm tlt lhu point where conttlcts purt. 'fl1t1 
arc then IIOVBI:l upward 1ut.o tho lli'C chutu whore it 1H exllltguu:ilted. 
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Inaulation Levola 

The hiKh voltage co.part.ent is designed and constructed in such a aanner that it meets 
all voltaae require•nts. While the breaker is rated tor 15 .. 000 volt service adequate space 
around live parts is provided to withstand 50 000 volts r ••. a. tor one •inute and an impulse 
woltap ot 110.000 volta tor a 1/2··40 •icro second wave. 

II&CHANISM COMPARTMENT 

The aJr reservoir, blast valves, pneumatic mechanism and all parts operating at or near 

around potential are located in this ca.partment. Piaures 1 and 6 show this compartment and 
tbe arranaeaent of enclosed parts The electro-pneumatic valves control the flow of compressed 
alr into the pneWI&tiC aechanis• which in turn actuates the breaker 110ving contact arm. The 
260 volt d··C control voltaae is kept separate and isolated from the 13."800 .volt a-c circuit in 
tbe hi&h voltaae compartment. 

MBCHANICAL OPERATION 

As shown in Figure 2. a single pneumatic mechanism operating through a single shaft syn­
chronizes the operation of the blast valves and three contacts so that blast air is always 
available tor 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 hllnd oper · 

atina lever is also possible. However. hand operation of the breaker must never be attempted 
it the 250 volt d··o control cJrcuit 1s energized. or if the breaker terminals are enerldzed. 
Also, the reservoir should b8 emptled of compressed air before atteiiiPting to use the hand op .. 
erat1n1 lever. 

Openina or Tripp&nl Operataon 

A pneumatic mechanism consisting of a brass cylinder enclosed on each end, with a piston 
inside the cylinder is mounted 1n the mechanism compartment as shown in Figure 2. When com . . 

pressed air flowing from the reservoir through piping to the pneumatic mechanism is 1U1111tted 

on the upper side of the mechanism piston the piston moves downward causing the shaft cam to 
rotate and the operating rod to pull open the n•oving contact arm Arrows indicate the flow 
ot compressed air from the reservoir to the mechanism for a breaker opening operation. 

Rotation of the shaft cam causes Vllrious levers to open the blast valve thus allowing 
OQIIPreased air to pass from the reservoir up the blast tube and between the separatwg 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 tra. the reservoir up tho blast tubo into the arc chute. Tho moving contact arm 
oontinues to move away from the contact fingers until it reaches ita full open position as 

abown in f'1sure 3 The shaft cam allows the blast valve levers to drop ott the cttm and the 
blaat valve recloses after circuit interruption 

Closing Operat£un 

The closing operation is just the reverse ot the opening operation. First, the compressed 

alr. ln tlow1ng from the reservoir to the pneumat1c mechanism. flo�s in the bottom ot' the mecb .. 

anism and undernellth the piston thereby causing the piston to move upwards. instead of down 

wards as in the opening or tripping o(leration. This flow of compressed air is controlled by 

the opening and closing of the m&Knet valves on the pneumatic mechanism as shown in Figure 2. 
Durtne a breaker closing operation the magnet valve on the bottom of the pneumatic mechan1sm 

is open thereby allow1ng compressed air to flow in undernea th the mechan1sm piston while the 

.M&net valve on tho top of the mechanism is closed. The piston. in moving upwards. causes the 
operating rod to pUHh the mov1ng contact arm up. The moving contact engages tho contact fingers 
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tbus cu.pletina the current path fr011 the lowe::- breaker ter•lnal to the upper breaker ter•inal. 
Second, in cloaiDI the breaker, the shaft c .. rotates clockwise but the blast valve levers are 
ao deataned that the blast valve does not open. Due to the speed of the mvinl contact ar•. 
air.blaat OD cloainl is not required. 

AltC CHUTE AND AltC INTERRUPTION 

Dur1DI a breaker open1na operation, an arc is drawn between the arc tip on tbe movina 
contact ar. and the arc tip above the contact ftnaers. At the sa.e tt.e a blast of compressed 
air troa tbe 'reservoir paasinc up tbe blast tube causes tbe arc to be forced up into the arc 

obute. rtaure 2 indicates tbe location of the arc between the 110vina contact or• and contact 
t1naers aDd, arrowa show tbe path of the COIIPressed air blast. DetaUa of the arc chute are 
lbOID 1D rtaure t wbile Piaure 5 shows the detail of a cooler aase�ly fro. an arc cbute. 

Tbe arc chute consists of fibre plates and cooler aase�l1es. The bot arc is blown up­
wards acainet the fibre splitters. by the coapressed air blast. Tbe diffusion of the hot arc 
��Sea with the fibre aaaes thus aanerated and the turbulence created bY the co.,ressed air 

act to de-ionize the hot aaaea. At the followina zero in the current wave, de-ionization baa 
prQireased to the point where the air blast itself re.ovea the residual products of ionization 
and cbanaea the apace between the cont.u;ts fro. a conductor to an insulator. Purtber 110t1on 

·of tba IIOViRI contact ineerts an air I&P capable of withstand in& circuit voltage. Hot arc 
aaaes blOWP tbrouah the arc chute durina the lnterruptina process are de-ionized by the cooler 
uaellbUea. 

• 

Piaure 14 &bows a view of the arc chute with the s1de plate re.oved and shows the rela· 
Upaabtp of mviDI contact with arc chute. 

-

AUXILIARY DEVICES 

Certain auxiliary devices are used in order to .ake breaker operation as completely aun 
to.t1c and as safe as possible. These devices, which are included in a standard breaker, 
are liated and described briefly as follows: 

Control Panel " The 250 volts d ·c control panel makes opening and closing operat 10ns of 
the breaker entirely auta.atic once th� operator bas .aved t he control switch to either close 

or trip tbe breaker. The control relays auto��attcally aovern the flow of compressed uir op·· 
erat1na the pneu.at1c ��echamia• and de· energize all ��a�net valve coila and relays after a 
cloaina or openina operation has been completed. 

Pre .. ure SwHche• and Safety Valve• .. Pressure switches are adjusted and connected into 
tbe eleotrloal control ache.a so as to allow operation of the breaker only so long as the com" 
pressed a1r pressure does not fall below 112 pounds per square inch. Safety valves relieve 
tbe pressure if it exceeds 165 pounds per square tnch. Noraal operating pressure is 150 paunds 
per square inch. An alarm pressure switch is set to close its contacts when the pressure falls 
to 118 psi tbus warnina the operator that the pressure is low. The alar• device that connects . . 
to tbe pressure switch is not supplied by lestlnahouse Electric Corporation. 

Pres•ure Gauge. PositJon Indicator and COunter • A gauge to indicate air pressure 1n the 
breaker reservoir la mounted on tbe front of the breaker where it is visible at all times. A 

areen and red flac indicator is also mounted on the front of the breaker so an operator can 
tell at 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 openina operation. 

Hand cperatinq Lever - This lever can be used to open or cloae the breaker by hand in 
order to check breaker mechanical operation. 
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CAUI'Iat• 1bia lever ahou&d noc be uaed untd air ia exhausted frora reaervoir, until the 250 
yolt d .. c control aw1tch on the control panel ia open or until tho 13,800 volt circuit ia do .. 
enerahod. 

Interlock .. A plWller ty� interlock. when pushed, en1a1es a projection on the breaker 
abaft lock1na the breaker in the contacts open position. The breaker cannot be closed until 
tbe taterlook plun&er is released. A key type .achanis• attached to the interlock also causes 
the breaker to be locked o�n electricallY by opening a contact in the breaker electrical 
oloe1AI circuit. 

Check Valve, Drain Valve and Cut Off Valve " A check valve is located in_ the air piping 
between tbe inca.ina air line and the breaker reservoir so that a break 1n the incoming air 
Una will cause the check. valve to close thereby preventin& air fro• flowing out of the break·· 
er reservoir. This assures an adequate supply of air for breaker operation until such time 
as tbe break in the air syste• can be repaired. A drain valve is supplied to drain off any 
10isture tbat .ay bave collected in the bottom of the breaker reservoir. A cut off valve is 
also aupplied between the inca�in& air line and tbe check valve to isolate the breaker from 
tbe supply line . 

Arc O.ute n .. ovinq Device .. An arc chute re110ving device consisting of a bracket to be 
bolted to the top of the arc chute and a block and tackle for attachment between the bracket 
and the top of the breaker cell structure 1s suppl1ed. It is not necessary to remove the arc 
chute wben routine inspection of breaker contacts is made . 

.. 
Door Interlocks • Door interlocks are supplied to prevent unauthorized per�onnel from 

openi01 tbe doors to the bilh voltase compartaent. The doors may be opened by unlockins the 
• hi'b voltaae ca.part.ent center door with the proper key. The center door, upon beins opentid, 

allows the end doors to be opened by turn1n1 the door handles. 

ODUPRESSED AIR SUPPLY 

Various types of alr supply units are available to supply compressed air for operating 
tho circuit breakers. Separate instruction books cover the operation and maintenunce of the 
air a.upplJ units 
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HIGH VOL.TAGE -
COMPAR TMENT 
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FIG. 1 

Breaker Side View Showing Current Path 

Photo 326023 
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FIG. 2 

Breaker Side View Showing Compressed Air Flow 

Photo 326022 

L.OWER 
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CHECK VAL.VE 
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FIQ. 3 

Breaker Pole Units with Arc Chutes Removed 

Photo 324973 
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.. 

AIR BLAST 

FIG. 4 

METAL 

COOLERS 

Interruption Action of Cross Blast Air Breaker 
Photo 273878-A 
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:\rc Chute Cuol er A::;semtll v 

Photo 3249GU 
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13-680-c:a 

RE CE IV ING, 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 reqpived against the shipping lists to be sure that all parts have been received. 
Tbis will avoid delays in installation, If damage is found or suspected, file claims as soon 
as possible with the transportation company and notifY the nearest representative of the 
Westin&house Electric Corporation, 

QANDLING 

The circuit breaker should be moved as near as possible to the point of installation be­
fore removing it from the packing case. care should be taken in unpacking to insure that del­
icate p�rts 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, d�rt or other foreign matter, and look over the moving parts of tne breaker 
and its auxiliaries carefullY to see that they are in proper operating condition • 

... 

STORING 

Compressed air circuit breakers which are 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 in the erection program. Crated apparatus will store much bet­
ter if not unpacked, However, this must not prevent the inspection of the equipment as de­
scribed �reviously. 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 materi als. 

Circuit breakers operating without liquid di-electric depend upon the integrity of organ­
ic materials for their insulation strength. These materials are chosen as the best available 
for the purpose they are to fulfill and they are tested be(o�e leaving the factory to insure 
that they meet fixed standards of insulating value, Whether or not they retain this di-elec­
tric value depend& upon the treatment accorded them after they leave the factory. 
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FIG . 6 

Breaker Mechanism Compartment 

Photo 324977 
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33-680-C2 

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 flQOr, 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 pole units, A vacuu11 
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 the hand operating lever, 
This lever can be used bY first opening the doors to the mechanism compartment of the breaker 
and then inserting the hand operating lever in a bar with a square broached 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 graphite grease, This grease may be ob­
tained in 1/4 pint cans through any Westinghouse Office bY 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 CONNE CTIONS 

Piping connections from an air supply unit to the breaker may be easily made at the 
breaker bY connecting a straight length of 1-1/8 inch outside diameter Chase type K copper 
tubing or its equivalent into each end of 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 wrench, See Figore 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 pt� c1amps 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 res�rvoir 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 again before the valve admitting air to the breaker reservoir is opened. 

After blowing out the new line, admit air to the breaker until the pressure gauge on the break­

er reads 30 psi. Then close 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 accumulated on the blast 

valve seat during shipment or storage. The breaker reservoir may now be charged to 150 psi. 

CAUTION: Work safely. 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 in se�ious personal injury. Do not attempt to operate the breaker with the hand oper­

ating lever when the main power leads are energized o� the control circuit switch is closed. 

WIRING 

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-e. 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, 
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TRIAL OPERATION • 

After the breaker unit has been securely bolted to the floor, thoroughly cleaned both 
inside and out, graphite grease on the 1110ving contacts and l•Jwer terminal contact bridges re­
moved and replaced with new clean graphite grease, breakey perated by hand with the hand op­
erating lever to check clearances, air connections made (;· t'r having been blown out to remove 
foreign material), breaker opened by hand with 30 pounds r 1ure 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 thoroulb inspection of the breaker should be made to see it 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 cut 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 covers on the switches to note the 
action of the electri�al contact inside each switch. Switch 12, the control switch, should 
be closed while tbe pressure is dropping from 150 pounds down to 112 pounds at which point it 
opens whereas the alarm switcb U 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 noting the 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. Recharge the reservoir to 150 pounds pressure and leave the 
cut off valve open. The breaker is now ready to be put in service. 

�ION: E«posed portions of compressed air breakers in the high voltage breaker compartment 

carry line potential. Before applying power to tb� 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 form a connection across potentials. 

AIR S UPPLY UNIT 

See that air is 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 • 
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33-880-C2 

• 

OPERATION AND MAINTENANCE • 

GENERAL 

The following information on adjustments is iiven as a guide for maintenance and to fa­
cilitate reaas81bl ins of parts in case they have been removed for any reason or require replac­
inl at any time. 

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

DEVICES OPERATED BY COMPRESSED AIR 

Reaervoir, Air Linea, Safety Valve and Preaaure OaJge 

The incoming air supply line operating at 150 pounds pressure is connected to a Dresser 
Co•pany tee fitting. Figure 7 shows the details of this 250 pound fitting which eqJloys a 
gasket seal ��&de of natural rubber with a 8111all brass wound spring at one end of the paket to 
prevent flow of the rubber between the body of the fitting 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 retainer 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. Al l air connections (Dresser fittings) should be checked for tightness. Air 
piping running across the front of the breaker should be securely clamped in place on the 
blocks provided. Air is stored in the reservoir at 150 pounds pressure. A lafetY valve set 
to pop at 165 pounds in case of overpressure and a pressure gauge are supplied. See Figure 6. 
Maintenance men should open the drain valve from ,the reservoir occasional ly to drain off any 
accumulated moisture. 

Pneumatic Mechani� and Ma�net Valvea 

Figure 2 shows the general location of the mechanism wtitch is air operated. Air admitted 
underneath the piston forces 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 the mechanism 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 pulling 11\e breaker contacts open. The piston which is composed of two plates separated 1::\Y 
shock washers travels to the bottom of the cylinder stoppins against the bottom mechanism cast­
ing where the shock washers inside the piston plates absorb part of the shock. Shock absorb­
ers connected 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 ny 
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 val ve coil is de-energized. Energizing the cl ose 
magnet valve allows air to flow through the close magnet valve and apinst the head of the 
lower exhaust valve. The lower exhaust valve moves upward allowing air to pass In under the 
•echanism piston which is then pushed upwards causing breaker contacts to close. The upwr.rds 
.ation ot the exhaust valve causes the upper exhaust valve to close the air passage from the 
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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 exbaw ' :d to outside atmosphere through 
ports in the upper exhaust valve casting. The upward motion of the mechanism piston is stopped 
by the piston striking the top mechanism casting. Stock wll· '<era between the piston plates plus 
shock absorbers on the breaker shaft absorb the shock of st tolng the mechaniBRI piston. After 
thousands of breaker operations made on a breaker during a 'ife test, the mechanism parts were 
in excellent condition. 

In case both trip and close ma�Qet valve coils are �r 1.ed at the aa.e time, the trlp 
magnet valve would take control because the upper exhaust valve head is larger in area than 
the lower exhaust valve t�ereby 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 paasage 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 valve 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 entire mechanism 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 entering the magnet valve Dresser fittings. 
Dresser ftttings connected to the magnet valves are brazed 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 re10ving 
the piston ring in the upper piston plate. 'lhe nut underneath the piston plates lllaY be reDJOved 
thereby freeing the piston plates and the shock washers. 'lhe 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 
Figure 9. Maintenance men should check to see that the oilite bearing in the top of the •ech­
aniam is still furnishing adequate lubrication. Exhaust valves should be free to �ve when 
lifted bY hand and no binding should exist between mechanism KUide and oilite

-·bearing when op­
erated with the hand operating lever. No adjustments are required. 

The Ross �erating Company magnet valves men'lloned in the preceding paragraph are shown 
in detail in Pigure 8. Arrows indicate normal flow of air through a valve with the coil ener­
gized on the right hand side of 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, as indicated by the small arrows. This Jauses opening of the lower valve 
seat and closing of the upper valve seat which allows air to flow throuib the valve. 

'Ibe view shown on the 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. The valve has three parts marked IN, OUT and EXHAUST. No maintenance is anticipated 
and no adjustmenta are required. However, in case of electrical failure, a new coil may be 
installed bY removing 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 foreian material might have lodged between the plunger and the plunger nut located 
right beneath the retaining ring. It is nat 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. Pigure 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 depreas 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 distance can be checked by 
measuring the distance the.blast valve nut is depressed when operatin1 the breaker with the 
band operatin1 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 nonnal posi­
tion allowing the blast valve to reclose. Air pressure against the valve cap plus the blast 

valve spriDI 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. 1\Y the time the main breaker contacts 
have parted, the blast valve is open approximately 50 per cent of the full blast valve opening. 

The breakers are adjusted so that the full blast valve opening, as indicated in Pigure 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 some point between contact parting and a contact sep­
aration of 1-1/2 inches. Approximately full blast valve opening is maintained until contacts 
have parted 5 inches or more at which time the blast valve recloses. 

During a breaker closing operation, the breaker shaft rotates in a clockwise direction 
until the shaft cam squarely strikes the 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��ckwise 
about pin B. This allows the shaft cam to pass completely under lever A and-4o cdhtinue 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. �e 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. � flexible "O" ring seals off the 
air between the removable body and the reservoir while another "O" ring prevents leakage of 

air along the blast valve rod. If an air leak develops, the flexible •o• rings and Neoprene 
seat may be easily replaced by removing .four bolts located near the blast valve nut and then 
withdrawing the re1110vabl e body from the valve casing. �amoving the nut and cap from the valve 
allows the Neoprene seat to be removed from the cap. The "O" rings can then be easily removed. · 

If the seat spows signs of excessive wear, it should be replaced. After replacing the Neoprene 
seat, tighten the spacer "0" ring and cap in place so that an . 008 inch feeler gauge will not 
pass between the Neoprene seat and the metal spacer holding the Neoprene seat down. The cap 
assembly should 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 
apecUied in fl'lgure 10. It is important that these tolerances be maintained in order that the 
Neoprene seat will properly seal ott 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 
inch 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 is in the closed position. 

Maintenance men should check the four bolts near the blast valve nut for tightness plus two 
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bo l ts hold ing the shaft ca• in place and should check lever!; A and C to see that a l l  pins and 

parts are in place. The valve and removable body need not b� re.oved for rout ine .aintenance 

inspection un less the Neoprene seat is to be replaced due to t' ; cess he air leakase. A �oak 

rate of 5 pounds per hour is considered a l lowab le on this type breaker. TO deter•ine the leak 

rate on a s ing le breaker charse the reservoir to 150 pounds pressure and turn off the air 

supply at the cut off valve in the mechan ism compartment. Al low the breaker to stand for 30 

•1nutes and then record the pressure sause read ing. After onr hour bas e lapsed , read the pres·· 

sure 1ause again and the d ifference In the two read ings w i l l  'd icate the breaker a ir loss. 

A l l  adJ ustamts are noted in Figure 10 except 1/32 to 3/1 6  ' :\  clearance between the roller 

on lever c and the b last valve nut and the 1/32 inch aini�· :earance between the rol ler on 

lever A and the shaft caa when the breaker is in the c lose;,, .JOs iUon. 

PTeaaure Switchea 

The Penn Electric Pressure Switch i l lustrated in Pigure 1 1  employs a be l lows and spring 
arrangement to " .eke" or "break• e lectrica l contacts at predetermined pressures . Snap action 
of the electrtcal contacts is obtained through the influence of a permanent masnet at the 
switch contac ts. The control pressure switch contacts are normal lY closed as lons as the 
breaker reservoir pressure is between 1 12 and 1 50 pounds . wh ich is the proper range of pns· · 
sure for e ffic ient breaker operat ion. However. as soon as the pressure is reduced below 1 12 
pounds , the contro l pressure switch contacts open and lock out the e l ectrical control thereby 
.aking it imposs ible to c l�se or trip the breaker e l ectrica l ly. As soon as the pressure is 
raised 1 5  pounds the control switch resets and breaker operat ions are aga in poss ible. 

A second pressure sw i tch , labeled alarm switch . c loses its contacts when the pressure 
d rops to 1 1 8  pounds and energ izes an alarm dev ice ( the alarm device to be supp l ied by the Cus·· 
ta.er) thereby not ify ing operators of a low pressure cond i t ion . After the pressure has been 
raised 16 pounds the alarm switch opens ita contacts and de- energizes the alarm circu it .  The 
d i fference between the pressure at which the contacts fi rst operate and the pressure at which 
they reset is approximately 15 pounds and is cal led the switch d i fferent ial .  

Di fferent ial adj ustment (d ifference be tween the cut· ·out and cut · in po ints) i s  ubtained 
by aeans of the adj usting screw at the hee l of the switch arm. To widen the � t fferent ial ,  
turn the screw c lockwise . in effect increas ins the d istance the l inkage must travel be fore it 
picks up the contact arm . Turn the screw counterclockwise to narrow the d if ferent ia l .  Do not 
force the d i fferent ial adj ust ing screw beyond its" normal l imits. Do not attempt to adj ust the 
permanent magne t ,  or the magne t ic c lamp and main contact assembly. If it is des ired to change 
the po int at which the alarm pressure switch contacts close to sound the alarm dev ice , the ad . .  
J ust ing d isc at the free end of the operat ins spr ing may be \Urned e ither to increase or de· · 
crease the operating spring pressure Increasing the operating spr ing pressure raises the 
pressure at which the alarm switch w i l l  c lose tts contacts wh i le decreas ing the operat ins 
spring pressure wi l l  lower the pressure point at which the alarm switch contacts c lose. This 
nhange w i l l  not affect the d i fferential adj ustment of 15 pounds. 

The cont rol switch pressure sett ings should not be changed without consult ing West inghouse 
llectric Corporation unless it is ev ident that the switch is misadj usted. The range 1 12 to 1�0 
pounds is a safe operat ins ranae and operat ion of the breaker at pressures be low 1 1 2  pounds 
would be quest ionable in case of a h igh current faul t operat ion . 

In order to check the switch sett lnas , pul l  the kn i fe switch od the control panel and 
close the cut off valve in the air l ine to the reservoir. Remove the pressure switch covers 
and observe the act ion of the switch contacts as the air ls drained from the reservoir upon 
opening the reAervoir drain va lve located at the right hand s ide of the breaker. As each 
switch snaps open or c losed , note the pressure gauge read ing to see if the va lves correspond 
to the pressure ranges prev ious ly given. Pressure ranaes are also noted on the breaker w1r1n1 
diagram Figure 12 . 
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Maintenance men should put a smal l amount of high grade, l ight, lubricating oil on the 
p ressure switch moving parts every six to twelve months. In the event of removal or re�lace­
ment, do not turn the switch by grasping the swi tch case, nor use a pipe wrench on the bellows 
cup, use a wrench on the hexagonal shoulder only. Adj ustments may be made as previously de­
scribed. 

CONTROL SCHEME AND CONTROL P ANEL 

The control scheme is  shown in Figure 12. The wiring diagram occupies the l eft side o f  
the page wh i l e  the schematic occupies the right side of the figure. The conventional rotary 
type, 10 pol e auxi l i ary switch operated by a l ink from the main breaker operating shaft is  
used as shown on the l eft side of  Figu res 1 and 6 right above the control pane l .  The control 
panel is a swinging panel and Fi gure 6 clearly shows the avail abi l i ty o f  wi ring for checking 
on the rear of the panel . The wiring to the pressure switches, magnet valves, interlock and 
adj acent breaker� is carried in a wiring trough large enough in size to allow easy accessibi l ·  
i ty for any necessary maintenance. T,ype M0- 6  relays are mounted on the relay panel and are 
enclosed for protection against dust and di rt. The rel ay coi ls are all the same and are inter­
changeable. Terminal blocks for Customers connections are located on the inside of the l eft 
hand breaker side sheet and are readily accessible after swinging the control panel out of the 
way. 

The wi ring diagram in Fi gure 12 is drawn looking into the rear of the panel Jus t  the way 
a maintenance man would see the panel while checking wi ring. The general X-Y-Z scheme o f  con­
trol is used, the diagram here being shown for the open position of the breaker contacts and 
wi th no air in the reservoir. The purpose of this scheme of control is to insure that, an 
operating impulse having been ini tiated at the control swi tch , the proper timing and sequence 
of val ve operations wi ll be earned through wfthout further reference to the control swi tch. 
Using the schematic, the sequence of operations is as follows. 

To close the breaker, the control switch at the operator' s desk is turned to " c lose" po­
si tion. This energizes the " X" relay which ,  through its four contacts, seals in and completes 
the closing magnet valve coil  circui t thus initiating the operation of air mag�et valves as 
described under "Pneumatic Mechanism" . Once the "X" relay has sealed in, an unsuccessful 
closing operation due to release of the control swi tch handle is no longer possible and the 
closing operation continues regardl ess of the contJOl switch posi tion. 

As the breaker operating shaft rotates toward the closed contact position, the "a" con­
tact on the auxil iary swi tch closes and energizes the "Y" rel ay. Th e  " Y" relay picks up and 
opens the "X" rel ay c i rcui t and the closing magnet valve coil - At the same time the " Y "  rel ay  
seals i n  and maintains the "X "  rel ay i n  i ts de-energized s tate so that i n  the event o f  pro­
tective l ine rel ay  action cal l ing tor an immediate automatic opening,  an attempt to reclose 
can not be made through the control switch handle which has been hel d in the "close• position 
throughout this period. The handle must again be· returned to neutral position before a second 
closing operation can be made. 

Tb open the breaker, the control swi tch handle is turned to " trip " posi tion which ener­
gizes the "Z" relay. Th is relay seals in and closes the opening magnet valve coil  c i rcui t, 
ini tiating the operation of ai r valves as previously descri bed. 

; Two pressure- actuated swi tches, both responsive. to ai r pressure in the main breaker res-
ervoir, are mounted on a steel panel . El ectrical 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 reservoi r  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 mechanical ly 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 visual• at 
some predetermined point before lockout as a warning to the operator that pressure is becoming 
lo� 

When the breaker is locked open by the mechanical and electrical interlock on the pneu­
matic mechanism, a contact in the c losing circuit is opened which prevents closina the breaker 
electrically as wel l  as mechanically. 

In the event that a tripping impulse is received at some t ime during a closing operation, 
the fol lowing sequence of operations takes place. 

The breaker continues to close unti l  the "a" contacts of the 10 pole auxi liary 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 al l conditions, perhaps even aeainst 
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 coi l  and the trip magnet valve coi l  on the mechanism might be 
a l i ttle less than the t ime to energize the Y relay, which then de-energizes the c lose magnet 
valve coi l  on the mechanism, there is a possibil ity that both t rip and close magnet valves 
might attempt to admit ai r to the mechanism at the same time. Th i s  condition is taken care of 
by the mechanism exhaust valves which give preference to the trip magnet valve and close the 
ai r passage from the close magnet valve to the mechanism. In addi tion, i t  is important that 
the blast valve levers are in the proper position to open the blast valve during the openinl 
operation. This is taken care of by adjusting the 10 pole auxil iary swi tch "a" contacts to be 
delayed so as to not complete thei r  circuit unt i l  after the blast valve levers have completely 
reset and are ready for an opening operation. These adj ustments are all made at the factory 
and should not require any changes. 

I f  red and green l i ghts are connected i n  the control circuit by the custo�er � indicated 
on the breaker wi ring diagram Figure 12,  the green l ight wil l  indicate the breaker open posi­
tion and the red l ight wi ll indicate the breaker closed position. In addition, the red lamp 
circuit supervises the t rip coi l ,  "Z" coi l and co;trol pressure switch 12. I f  the breaker is 
closed with the red lamp lighted, then the circuit through the red lamp, trip coi l ,  "Z" coil  
and pressure switch i s  complete indicating that all devices in the trip circui t  are in condi­
tion to trip the breaker. I f  the breaker is closed and the red lamp is not l ighted, then 
either the red lamp, t rip coi l ,  Z coi l  or pressure swi tch is �ot functioning properly and the 
breaker may not trip. I f  the pressure swi tch is open due to a low pressure condition, the red 
lamp would fai l to l ight. However, the alarm indication received from alarm pressure switch 
11 should indicate low pressure. I f  the air pressure is normal ( 150 pounds) whi le the breaker 
is closed and the red lamp is still not l i ghted, then an inspection of the trip c i rcuit should 
be made to determine whether the trouble is in the red lamp,  trip coi l  or Z coil.  

Maintenanbe men should check the control panel ,  relay contacts, pressure switch contacts 
and interlock contacts to see that they are clean. The breaker should aloo be operated elec­
trically a few times with the cut off valve to the breaker reservoi r closed in order to test 
,1 1 electrical circuits plus checking to see that the control pressure switch locks out the 
electrical control when the pressure drops below 1 1 2  pounds. Adj ust�ent or setting of the 10 

pole auxi l iary 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 closinc operation is completed, attempt to "l ight out "  the "a" contacts on the 10 
pole auxi liary switch in the Z coi l  circuit (contacts 1 and 3 on the 10 pole auxi l iary switch 
when counted from the lever end of the switch) . These contacts should sti l l  be open. A sl ight 
continuation of the breaker contacts towards the close position should cause the contacts to 
"make " and the circui t  should "light out " .  This check insures that the bl ast valve levers are 
in posit ion to open the blast valve be fore the trip circui t  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 control · the 
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 mounting plate 
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 p iston 
imparts an upward push on the piston which causes the breaker shaft to rotate in a d i rection 
to close the breaker contacts. Rotation o f  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 on the shaft connected 
to one end of the shock absorbers goes over center and direction of motion in the absorbers 
actual ly changes from compression to recoil .  The shock absorber recoil stroke is  where the 
greatest resistance to motion is encountered. Th i s  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 absorber. Arrows indicate flow of the oil 
during a reco i l  stroke which lengthens the shock absorbers and provides the greatest resistance 
to movement. The reeo i l  valve disc controls the resistance to movement when the absorbers are 
lengthened. When the absorbers are shortened in length, oil  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 j ust the same as on break· 
er closing. At the beginning of the breaker opening stroke, the compression stroke of the ab­
sorbers does not h inder the moving contact in gaining the high speed necessary for efficient 
interruption. However, as the bracket on the shaft connected to the absorbers again goes over 
center but in the opposite direction, the shock absorber action changes from compression to 
reco i l  which, due to the lengthening of the shock absorbers provides high resistance to motion. 
The moving arm is then brought to a gradual stop with very l ittle rebound. The ma�imum al low­
able rebound on opening is 20% of the 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 oil filled and then sealed so that refi l l ing, servicing or ad­
j ust ing is never required. The low cost of the absorber is such that replacement of a defec­
tive absorber is cheaper than rebui lding the absorber. Mai�tenance men should inspect for 
loose cotter pins and signs of oil  leakage. I f  any leakage is noticed, the defective shock 
absorber should be replaced. The absorber is mounted on the breaker wi th the heavy end or end 
with the protective dust tube cylinder attached to the breaker mounting plate while the small 
end is attached to the shaft bracket .  No adj ustment is  requi red. 

HAND OPERATING LEVER 

A hand operating lever is  suppl ied with each group of breakers in any instal lation. De� 
sfgned to be inserted in a l inkage connected to the shaft, it permits opening and closing the 
contacts for maintenance purposes. This handle should not be used for breaker operation when 
the main contacts are energized from a power source when the control circuit is energized and 
extreme care should be observed in its use with ai r in the breaker reservoi r. 

MECHANI SM INTERLOCK 

A mechanical and electrical interlock is  mounted in the mechanism compartment. The me­
chanical interlock consists of a plunger which, when pushed, interferes with a proj ection 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 mech�Hitlal interlock and permanently 
locks the breaker open. Turn ing the key also opens a contact in the electrical clos ing c i r· 
cuit which effect ive ly locks the breaker open e lec trica l ly �s we l l  as mechan ica l ly .  

Turn ing t h e  elec trical interlock key i n  the oppos ite d i r�ct ion c loses a contact i n  the 
e lectrical c losing c i rcuit and releases the mechan ical ihtur lbck plunger Th is al lows the 
breake r to close mechan ica l lY and electrica l ly when an fip@fltot energ izes the proper control 
circuit or when the • c lose• push button on the control PlH8l is pushed. The interlock is de-. 
s igned to prevent the breaker from c losing and is inoper�t ive if the breaker is already ln 
tbe closed pos ition. No maintenance and no adj ustment should be required . 

POLE UNIT ASSEMBLY 

The aro chute, upper terminal , contact f ingers , mov ing contact arm, contact bridges, low·· 
er terminal and b last tube as shown in Figures 1 ,  3 and 14 a re the princ ipal parts of the pole 
unit assemb ly. Figure 1 is a sketch showing the location of the parts l isted above whereas 
FigurA& 3 and 14 are photographs of the same parts. The arc chute s ide plate in Figure 14 waa 
re.aved in order to show the inner parts of the arc chute. 

Arc Chute and Arc Chute Remova l 

The arc chute as ind icated in the sketch Figure 1 and photograph Figure 14 is the inter­
rupt ing device used to aid in ext inguish ing the high current arcs. 

It should not be necessary to d isassemble the arc chute complete ly un less the s lots in 
the spli tter plates have eroded excess ive ly as a result of interrupting .any faults. 

Internal uterials of the chute against wh ich the arc impinges are chiefly hard f iber 
which has the property of be ing se lf.·c leaning unde r arc act ion, and the air blast at each open·· 
in1 of the breaker should keep the inter ior of the chute free fro• loose d irt . 

The fiber spl itter plates fann ing out lengthwise of the chut e ,  w i l l  be the first to show 
eroaion under arc action although these plates should show re lat ively long l ife under average 
switch ing cond i t ions. Each splitter has a notc� br s lot cut in its lower end , these notches 
l in inl up into a groove through which the mov ing contact passes. 

Spl i tter plates are held in pos it ion in the chute by a row of parallel grooves in the 
fiber block at the bottom of the chute . and by studs pasaina through the arc chute s ides at 
the upper end of the splitters .  They are d isassemb led by remov ina the one stud in each spl itw 
tar and pul l ing out from the upper end of the chute.. The cooler assembl ies carrying the cooler 
plates and screens , are d isassembled in the same manner .  Wh i le it is poss ible to replace one 
spl itter plate at a t ime without a general d isman t l ing of the chute,  it is adv isable on replac­
inl any spli tter to d ismantle the remainder of the chute for inspection. Th is work is best 
done with the chute removed from the breaker .. 

The notch cut in the lower end of each fiber spl i t ter plate ts 1 .. 1/4 inches deep when ntlf. 
Act ion of the arc over ex tended periods of t ime and h igh current interrupt ions wi l l  cause this 
s lot to burn deeper When the slot exceeds 2 inches in depth , a new spli tter plate should be 
ordered and instal led at the next convenient inspect ion. The rate of the erosion of the split· 
ter plates 1s such that for normal power house usage , replacement should not be necessary un t i l  
after 16 o r  20 years o f  serv ice. 

The arc chute may be eas i ly removed from the breaker by first removing the interphase 
barr i ers separat ing the phases in the h igh voltage compartment Removable covers , as shown in 
Pi&ure 16. are unbol ted from the space above the arc chute on the front of the breaker struc­
ture. A removable s teel frame ang le located in front of each arc chute is then removed. A 
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stee l 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 j ust bolted in place and the top of the breaker tel l .  
Three bolts hold ina the arc chute in place on the breaker are removed a nd  rubber aasket ��ate·· 
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 araspina the top and bottom of the chute at the front 
edaes and .ovina the chute up a nd down and pul l ina forward at the same t ime. The chute .aJ 
then be l ifted clear of the contacts with the block and tackle and lowered to the around. 

To replace an arc chute the reverse procedure is followed with the exception that the 
cover cast ina iocated above the contact finaers on the upper terminal 11ust be loosened by re·· 
.uvina the four bolts holdina the cover cast ina in place . Th is al lows the arc chute to s l ide 
into place. The cover cast ina is then pushed t iaht aga inst the arc chute and the bolts t isht� 
ened after the three bolts holdins the arc chute in place on the breaker have been replaced. 

Ma intenance men should inspect the depth of the s lots in the fibre spl itter plates. The 
arc chute need not be removed for this inspection as a v isual determination is accurate enough. 
No adjustments are necessary 

Stat ionary Contact (Upper termina l and contact f 1naera ) 

The stationary contact structure cons ists of the contact fingers bolted to the upper ter� -
minal as shown in Figure 15.- The contact f ingers rece ive the mov ing contact arm at the open 
end of the fingers which causes the contact fingers to open s l igh t ly when the moving contact 
enters. The contact fingers act ing l ike a tun ing fork hold the .oving arm t ight due to the 
act ion of the f ingers in t ry ing to resume the i r  normal pos i t ion . The contact fingers makg a 
l ine contact instead of a flat surface contact on a l l  six fingers. Experience has proven that 
s i lver plated contact fingers w i th l ine contact wi l l  carry the nor.al load current of 2000 
a.peres equal ly as we l l  as a f lat surface contact 

Figure 15 shows the method of bol t ing the contact f ingers to the upper terminal in case 
of replacement. A spec ia l wrench made of 3/8 inch hexagonal steel bar and approxi�.te ly 18 

inches long welded to a short hand le part ial lY h iddon ln the workman• s hands in the U l ustra· .. 
t ion is used for t ightening the A l len head bo lts hold inK the contact fingers to the upper ter . . 
ainal cast ing . The arc chute must be removed in order to change or replace contact fingers. 
Depend ing on service requirements these f ingers sftould have long l i fe and should not require 
replacement for a per iod o f  15 to 20 years 

... 

Maintenance men in replac ing contact fingers should al low the mov ing arm to al ign the 
contact fingers before t ighten ing the bo lts hold ing the contact f ingerd in place. No adj ust­
.ants required except the al igning method j us t  ment ioned 

Moving Contact 

The mov ing contac t ,  as shown in Figure 1 .  rotates about a h inge p in .  The upper end of 
the contact e11gages the contact fingers and the lower end furn ishes a surface for one end of 
the contact bridge to r ide on Figure 3 shows a l l  three mov ing contact arms while Flgure 14 

shows the detai ls of the contact bridge construct ion at the lower end of the mov ing arm. A l l  
contact surfaces are s i lver plated and i n  add it ion , an arc t i p  composed o f  s i lver tungsten, 
an arc resistant 111aterial is brazed in the upper end of the mov ing ·contact .  Current is nor­
.a l ly carried on the s i lver plated faces at the upper end of the mov ing arm where it makes enft 
gagement w i th the contact fingers During current interrupt ion , the arc is transferred fro• 
the normal current carrying surfaces to the arc t i p  and remains there unt i l  interrupt ion takes 
place Th is al lows the norma l current carrying surfaces to rema in tn good cond it ion to carry 
load current At the lower end of the mov ing arm. the contact bridge . which cons ists of a hard 
coppe r bar with s i lver blocks brazed on each end rides on the curved s i lver plated surface of 
the mov ing contact Springs push ing the contact bridge agains t the moving arm and lo" er terminal 
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maintain h i gh contact pressure. The si lver plated lower terminal makes contact with the si l ­
ver block brazed on the contact bridge to complete the current path from the moving contact 
arm through the contact bridge to the lower terminal.  FOur contact bridges are used on the 
2000 ampere breaker al though only a side view of only one is visible in the i l lustration, 
Figure 14. A thin layer of graPhite grease should be appl ied to each end of the cupal loy mov­
inl arm tor lubrication purposes. 

Maintenance wen should check the al i gnment of the mov ing contact arm as it enters the 
contact fingers at the upper end of the mov ing arm. Wipe off the old graphite grease and ap­
ply a thin l�er of new graphite grease at both the upper and lower ends of the moving arm. 
Any roughening of the si lver contact surfaces at the upper end of the moving contact such as 
deep scratches may be smoothed out wi th a fine and very flat file.  care must be observed as 
the si lver plating is only . 003 i nch thick. san�aper, emery cloth or steel wool is not rec­
ommended for this purpose . No adj ustments requ i red. 

Operating Rod, Blast 1\Jbe and Suppor t s  

The operating rod connects the moving contact arm t o  the breaker shaft as indicated in 
Figure 2. The rod is made of a high grade wood Micarta wi th wi re wound metal rod ends on each 
end. SUffi cient creepage distance along the surface of the Micarta is allowed to properly 
protect �gainst voltage breakdown between parts at 13 , 800 vol ts and parts at ground potential.  

The blast tube is made of paper Micarta selected for i ts exce l lent die lectric qual i ties 
plus i ts resistance to mechantpel 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 insu lating materials free from accumu lations of dirt and 
dust.  Loose dust may be blown off w i th dry compressed air, cleaned with a vacuum cleaner or 
wiped w i th a clean dry c l oth . Steam waste is not recommended for th is purpose due to i ts tend­
ency to leave a residue of l int on insulation surfaces. The nut on the lower end of the oper­
ating rod should be checked for t i ghtness . No adj ustments requ i red. 

DOOR INTERLOCKS 

Door interlocks are supp l ied to protect personnel from open ing the doors to the h i gh  
voltage compartment without fi rst having opened the disconnects and obtained a key to the 
doors. Upon obtaining the proper key , the center door to the, h i gh  vol tage compartmen t may be 
unlocked and opened. After opening the center door, each ehd door may then be opened . 

Only the center door has a lock whi l e  locking bars connecting each end door to the cen te r 
4oor keep the end doors locked. 

Maintenance men should o i l  all pins on the interlocking bars . No adj ustments required . 

INSPECTION CHECK LI ST 

Pe riodic inspections of the circui t  breaker shou ld be made and the frequency of these in­
spections should depend on the severi ty of the service to which the breaker is subj ected. I t 
should be borne in mind that to secure the protection for which the breaker is instal led ,  the 
mechani sm must be kept in the best of operating condition at a l l  times and i t  should be given 
something more than perfunctory inspection .  As some exposed parts of the breake r are at l ine 
potential , the c i rcu i t  shou ld be so arranged as to perm i t  isolating the breaker for inspection 
purposes in order that a complete check may be made . 
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The frequency of inspection,  cleaning, etc. , will  depend upon the activity and the duty 
to wh ich the breaker is subj ected, and upon the cleanl iness of the atmosphere and surroundings 
of the breaker. For compressed air circui t  breakers i t  is recommended that a pre l iminary of 
visual inspection be made every two to three months. A compl e te inspect ion, including remov­
al of the arc chute for inspection and cleaning, should be made every nine to twe lve months. 
When breaker activi ty is high or where atmospheric condi tions are dirty, inspections should 
be made more frequently, When a breaker has been subj ected to automatic openings on unusual­
ly hilh short-circuit currents, it should be given a preliminary inspection. 

On any inspection the fol lowing points should be noted in particular: 

1 .  Inspect the breaker structure i n  general t o  see that a l l  bolts , nuts and set screws are 
tilht: that all cotters are in place, etc. , as wel l  as to note evidences of excessive 
wear or of improper operatJon .of the various parts • 

A l ight appl i cation of lubricating oil to the pin connected j oints wi ll resul t  in smooth­
er operation of the moving parts, and materially reduce wear on the pins. zerk fittings 
are provided for greasing the breaker shaft bearings. 

�. Check Dresser Company fittings on all air l ines for tightness. 

3. Examine pneumatic mechanism for loose bolts at both top and bottom. Guide should be 
checked for lubrication. iXhaust valves (Fi gure 9) should be free when moved ny hand. 
Oi l i te 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 insu lation has not worn where the wiring from the control 
panel,  pressure switches, magnet valves or interiock enters the wiring trough . Check 
control panel to see that all relays are operating properly . Control voltage is 250 vol ts 
d-e, Minimum "pick up• value of relays i s  90 vol ts d-e or lower. Condui t fi ttings 
should be checked for tightness. 

5. Shock absorbers should be examined for l eaks . Rep lace leaking shocks. 

6. Ten pole auxi l iary swi tch cover shou ld be removed and contacts on poles Number one and 
three from the right hand or lever end should be checked as fol lows : Slowly close the 
breaker w i th the hand operating lever and notice when the blas t  valve levers have com­
plete ly reset so as to be ready for an opening operation. At this point, contac ts on 

poles one and three on the auxi l iary swi tch should stil l  be open . However, any addi tion ­
al movement of the breake r towards the breaker closed position will cause contacts on 

poles one and three to close. 

NOTE: Breaker main contacts may c l ose before the b last va lve levers reset.  

7. Open and olose the breaker with the hand operating leve r and watch the operation of the 
blast valve l inkage (Figure 10 ) .  See that a minimum clearance of 1/32 inch be tween the 
shaft cam and the rol ler on lever A exists as wel l  as 1 /32 inch to 3/16 inch clearance be­
tween roller on lever C and the blast valve nut when the bre�e� 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. 

a. Examine moving contact arm for ev idences 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 f i l e  may be used to dress or smooth the contact surfaces but care 
should be observed as the si lver plat ing is only . 003 inches th ick . Al l moving contacts 
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should touch the stationary contact fingers upon breaker closing within 1 /8 inch or_ each 
other and shou ld enter the contact fingers 2� 1/4 to 2- 1 /2 inches. Contact separation in 
the breaker open position is  1 3  to 15 inches.  Stationary 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 will not open unless the 
center door is unlocked and opened. 

1 1 .  Fi l l  the reservoir with . compressed air. After making sure the hand operating lever has 
been removed from the breaker,  operate the breaker electrically bY pushing the buttons 
marked "close • and -trip "  located on the control pane l .  On a normal closing operation, 
the pressure gauge should drop from 150 down to 148 pounds pressure. On a normal trip­
ping or opening operation, the pressure gau�e should drop from 1 50 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. 

1 2 .  Observe .oving 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.  li th air in the reservoir, check the safety valve, wh ich is  on the same air line as the 
pressure gauge, by pul ling the stem several times to insure that i t  is working properly. 

14. Remove the covers from the alarm and control pressure swi tches and exhaust the air from 
the reservoir slowly. The cut off valve on the breaker should be closed and th drain 
valve l ocated on the right side of the breaker at the front should be opened. �ote the 
gauge pressure at which the contacts make or break. The alarm switch should close its 
contact when the pressure has dropped to 1 18 p�unds whi le the control switch should open 
its contact when the pressure has dropped to 1 12 pounds. Contacts then reverse the i r  
motion when the pressure is  raised 15 pounds. Switches shou ld b e  readj usted i f  required 
as explained in the section on pressure switches in Part Four. 

15.  Open the reservoi r  drain valve to remove any moisture that may have col lected. 

16.  Again operate the breaker several times with air to see that al l parts are working properly. 

17, An air leak test as explained in the section on blast valves in Part POur may be made i f  
desi red i n  order to detect leaks greater than 5 pounds per hour. This test is  not neces­
sary if the ai r supply units have not been operating over 10 minutes per hour. ' 
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FIG .  9 

Sect ional View of Pneumatic Mechanism, 
Photo 326026 
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Sectional View of Blast Val ve 
Photo 326020 
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PERMANENT MAGNET 

STATIONARY CONTACT 

FIG.  1 1  

Penn Electric Pressure Switch 

Photo 316077 
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ADJUSTING DISC 
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33-680-C2 

INNER WORKING 

CYLINDER ----11-.fKI 

PISTON ROD ----i�l-"'i 

PROTECTIVE 
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CYLINDER ----'-t� 

OIL F ILLED 

WORKING CYLINDER 

REPLEN ISHING 
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SYNTH E T I C  
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F I G .  1 3  

Sectional View Shock Ahsorber 
Photo 326021 
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3 3- 680··C2 

F I G .  1 4  

Side View o f  Pole Un i t  Assembly �ith 

Arc Chute Side Plate Removed 

Photo 32510 5  
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F IG .  1 6  

Arc Chute Removal 
Photo 326025 
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33·680•C2 

RENEWAL PARTS 
• 

Reco.mendations for a list of parts to be carried as renewals for circuit breakers de• 
scribed in this book may be obtained by application to tbe nearest District sales Office. The 
list 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 t he service to which the breaker will be subjected; 
the relative importance of maintaining the breaker in uninterrupted service; the duration and 
frequency of the periods �uring which the breaker may be expected to be normally out of serv­
ice and availab le for minor repair work: the length of time required to 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 the circuit breaker as shown 
on its nameplate. FOr parts which carry nameplate, specify the Style Number or Stock Order 
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 on the breaker nameplate should 
always be given. 

• 
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