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AIR-BLAST CIRCUIT BREAKER
TYPE ARA-14.4-2500

INTRODUCTION

APPLICATION

The type ARA-14.4-2500 Air-blast Circuit
Breaker is designed to meet all requirements of
modern switchgear. The breaker is operated by a
simple, sturdy pneumatic operating mechanism
which gives fast reliable operation of the breaker
during both normal and fault operations, The Air-
blast principle of arc interruption affords short arc
lengths and an early clearing of the fault under all
conditions. This faster operating time and short arc
duration reduces the system disturbance, the de-
terioration of interrupter parts and also the re-
quired maintenance, Periodic inspection and main-
tenance is further reduced by the sturdy, reliable
breaker design with few critical adjustments,

RATINGS

The Type ARA-14,4-2500 Air-blast Circuit
Breaker is atriple pole, single throw, indoor breaker
rated 2500 MVA interrupting capacity 14,400 volts,
3 phase, 60 cycle witha continuous current carrying
rating of 5000 amperes. If the service voltage is
reduced, the 2500 MV A interrupting rating applies
provided that 2 maximum of 120,000 RMS amperes
isnot exceeded. The momentary or short time rating
is 190,000 RMS amperes for any time, however short,
up toone second, Foranytime exceeding one second
the 120,000 ampere ratingapplies. The interrupting
timne of the breaker will not exceed 8 cycles from
energizing the trip coil to final interruption, The
breaker is of a design which has been tested and
provedto meet the standard dielectric specifications
of 50 KV, 60 cycle, withstand and 110 KV, 1,5 x 40
impulse withstand,

OPERATING CHARACTERISTICS

The complete breaker (Refer to Fig. 2) con-
sists of a metal breaker housing 29 enclosing in
separate compartments three single pole elements;
a pneumatic operating mechanism mounted on top
of the breaker house; an air receiver 38; a mech-
anically operatedblast valve 37; connecting air line
manifold 28; a control pane} on which is mounted a
knife switch and fuses, a pressure gage, a veeder
counter, low pressure lockout switches, anauxiliary
switch, an operating switch and terminal board; a
safety valve 2; aninlet valve 39 and an air strainer
in the incoming high pressure line. Each single
pole compartment consists of an are chute 16, con-
tact blade 15, operating rod 11, crank 30, air line
insulator 23, exhaust tube 12, bushings 20 and 25,
;véping %%ntact and support 14, and support insulators

an .

Electrical energization of control valves, shown
in Fig, 3 and Fig. 6, admits high pressure air from
the air receiver 38, Fig, 2, into the operating
cylinders, For an opening operation the opening
control valve is energized and air is passed from

the air receiver into opening booster cylinders
4 and 32 and later into the main opening cylinder
7. Dashpot action is afforded by the opening dash-
pot cylinder 8 and two oil dashpots. For 2 closing
operation high pressure air from the air receiver
is passed through the closing control valve into the
closing cylinder 33, Dashpot action on closing is
obtained by means of the closing dashpot cylinder
31, (A more complete discussion can be found
under OPERATING MECHANISM, DESCRIPTION
OF COMPONENTS), The high pressure air ad-
mitted into either closing or opening eylinders
causes movement of the operating pistons which
are geared through toothed racks to gear 6. This
rotates the mechanism shaft 9 and the three cranks
30. Movement of these cranks operates contact
blade 15 through operating rod 11,

The breaker interrupts fault circuits by means
of high pressure air in the arc chute 16, Opening
operation of the pneumatic mechanism opens blast
valve 37 and lifts contact blade 15 from the arc
chute 16. The high pressure air released by the
operation of the blast valve flows through the air
line manifold 28 and air line insulator 23 into the
arc chute 16, The flow of air across the arc chute
contacis the contact blade tip forces the arc out
through the arc chute where it is interrupted. Prod-
ucts of the arc are exhausted through exhaust tube
12 into a top header and hence into atmosphere,

For the closing operation, the blast valve 37
supplies a blast of air into the arc chutes 16 prior
to contact making, The presence of high pressure
air prevents pre-establishment of the arc before
actual contact making, A damper 34 operates on
the closing stroke to limit the flow of air on clos-
ing. This iIs done to conserve air. The require-
ments for air on closing are much less than for
opening for there is no arc to interrupt,

When electrically energized, the opening and
closing control valves are held open pneumatically
for the proper duration of the working stroke, Pneu-
matic preference of the opening control valve by the
blocking of the closing control valve assures proper
trip free operation during any part of the breaker
stroke. The mechanism is latched in both the closed
or open position due to the overcenter toggle posi-
tions assumed by the crank 30 and operating rod 11.

The breaker operates at air supply pressures
from 185 to 250 p.s.i. The breaker panel is pro-
vided with a control switch for electrical operation
at the breaker. Pressure switches are provided
to prevent electrical operation when the supply
pressure is below the minimum required for inter-
ruption. The manual trip device is an integral part
of the opening valve for mamual tripping in the event
of loss of electrical control, A low pressure locknut
is provided toblock the operation of the manual trip
when the storage pressure is below the minimum
required for interruption,




GEI-25335A Type ARA Air-blast Circuit Breaker

RECEIVING, HANDLING AND STORAGE

RECEIVING

Each Air-blast Circuit Breaker iscarefully
inspected and packed by workmen experienced
in the proper handling and packing of electrical
equipment, Immediately upon receipt of a circuit
breaker, an examination should be made for any
damage sustained during shipment, If injury through
rough handling is evident, a damage claim should
be filed at once with the Transportation Company.

HANDLING

It is expected that due care will be observed
when unpacking the apparatus so that no damage
will occur from careless or rough handling, Fre-
quently "loose parts" are included in the crates and
these should not be overlcoked.

Porcelain air line and support insulators are
amply strong when used under the conditions for

which they were designed. However, caution should
be exercised during unpacking and installation.

STORAGE

When the breaker can be set up immediately
in its permanent location, it is advisable to do so
even though it will not be placedin service for some
time. If the breaker cannot be installed in the
proper location immediately, and it is necessary
to store the equipment, it should be kept in a clean,
dry place, It must not be exposedto dirt, the action
of corrosive gases, such as chlorine, or to possible
mechanical injury.

Machined parts of the operating mechanism
should be treated with slushing oil to prevent rust-
ing and if the breaker is stored for any long period
of time, it should be inspected periodically to in-
sure good mechanical condition, Particular care
should be taken to protect insulating parts which
might absorb moisture.

INSTALLATION

FIELD ASSEMBLY

The breakers are shipped as a complete metal
clad unit to facilitate erection, For proper oper-
ation the breaker unit should be set up on a solid
foundation and should be mounted level with floor
bolts as indicated on the outline drawing, After
locating the breaker and leveling, all that remains
to complete the field assembly is to make power
connections, control connections, air line connec-
tions, and to give the breaker a preliminary in-
spection and adjustment check,

CONNECTIONS

Before making an electrical connection every
precaution must be taken to see that all leads to be
comected to the breaker are de-energized and
properly grounded.

The power connections are made to the bush-
ing terminals as indicated on the outline drawing.
Sufficient electrical clearance must be provided
between the power connections and ground to with-
stand the rated high potential test voltage. The bus
work must be properly supported and braced so that
the breaker bushings are not required to carry bus
work strains. This includes both static loading and
magnetic stresses from short circuit conditions.
The bus must have sufficient current carrying ca-
pacity to be equal to the current carrying capacity
of the breaker parts. All the power connection con-
tact surfaces must be clean, bright, and free from
dents, burrs, or dirt.

All control wires should be run in conduits, if
possible, The controlwires must be run separately
and remote from the power connections and must
not be run parallel to the power leads unlesg the

distance separating the two sets of wiring is suf-
ficient to prevent communication between them as
a result of short circuits, All control wiring should
be connected to the terminal boards provided on
the breaker panel, In no instance is it necessary
to carry control wiring beyond the points on these
breaker terminal boards.

The framework of each breaker should be con-
nected to a good permanent low resistance ground.
The ground cable should be capable of carrying at
least 25 per cent of the rated breaker current but
in no case should be smaller than a 4/0 wire, A
poor ground may be worse than no ground at all in
that it gives a false feeling of security to those
working around the equipment.

ADJUSTMENTS

Although the breaker has been completely as-
sembled, adjusted, and thoroughly tested at the fac-
tory, it {s advisable to review all adjustments be-
fore placing the breaker in service, R is possible
that some of the adjustments may have changed
slightly during shipment and installation. A main-
tenance closing device is provided for manual oper=
ation of the breaker during these adjustment checks,
Pneumatic operation should not be attempted until
the breaker has been operated through its complete
stroke and all adjustments checked.

The breaker is shipped in the closed position
and since the drain valve interlock would normally
prevent installation of the maintenance closing de-
vice with the breaker in this position, the interlock
has been partially disassembled for shipping and
installation purposes. Two pins have been removed
from the fork and guard that covers the end of the
mechanism shaft and the guard has been wired




back and out of the way. This allows the mainte-
nance closing device to be installed on the breaker
as it is received,

After the breaker has been once opened with
the maintenance closing device, the wire should be
removed and the guard assembled tothe drain valve
and the frame by means of the two pins, washers
and cotter pins, The interlock will then be able to
function in its normal manner as described later in
this instructjon hook,

STROKE - CONTACT AND MECHANISM

Measure the stroke of each pole of the breaker
from fully closed to fully open position, With the
breaker fully closed, make a mark on the contact
blade 15, Fig. 2, at some convenient place such as
the top of the wiping contact support 14 and then
open the breaker slowly withthe manual device and
in the fully open position, again mark the blade at
the same reference point, Measure the breaker
stroke which should check 14-1/2 in, + 1/18 in,

Utilizing a light indication or a bell set, close
the breaker manually until the contact blade just
touches the secondary contact fingers 29, Fig, 4, as
irdicated by the bell or light. From this point meas-
ure the remaining stroke until the breaker is fully
closed, This measurement indicates the wipe of the
secondarg contact fingers and should measyre 1-7/8
in, + 1/16 in, Duringthe same operation, the contact
point of the blade should be checked to determine
that all three blades make contact at approximately
the same time. The three blades should make and
break contacts within 1/18 in, of each other,

After checkingthe stroke and wipe of each blade
observe the clearance betweenthe contact blade ané
the arc chute guide block 38, Fig. 4, throughout the
entire stroke. There should be clearance at all
times between the contact blade and the arc chute
on all four sides. The clearance to the arc chute
should not be less than .002 in, If this is not the
case, the arc chutes should be realigned. See sec-
tion ADJUSTMENTS OF ARC CHUTE.

During the operation of the breaker, the amount
of lift on the blast valve stem should be checked,
With the breaker in the closed position, first check
the clearance between the blast valve operator
button 33, Fig. 7, and the blast valve stem cap 35,
This should measure 3/32 in, + 1/32 in. Slowly
opening the breaker, check the point in the breaker
stroke that the blast valve first begins to open, On
the opening stroke, the blast valve should begin to
cpen priortothe actual breaker stroke in the open-
ing directicn, Inother words, the blast valve should
be lifted during the movement of the mechanism out
of toggle. From this point check the maximum lift
of the blast valve and also the point in the breaker
stroke at which the blast valve 15 closed. The lift
of the blast valve should measure 1 in, + 1/168",
The point in the breaker stroke at which the blast
valve 15 fully closed is shown on the typical oper-
ation curve, Fig. 11, andis approximately 10 lflz)e in,
from the fnily closed position of the breaker.

A scribe mark on the contact blade 41, Fig, 4
is made during the factory assembly indicating
penetration of the blade in the arc chute when it
touches the comtact support 25, The differences
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between this scribe mark and the guide block 38 of
the arc chute indicates the clearance between the
comtact blade arcing tip and the contact support,
'This dimension should check 5/16 in. + 1/186 in, in
the closed position. H either the contact blade or
the arc chute are replaced, 2 new scribe mark
should be made cn the blade, the position of which
is determined by inserting the blade in the arc
chute until it touches the contact support,

PRESSURE SWITCHES

Each breaker is provided with four pressure
switches similar to that shown on Fig, 9. Three of
these are located on the panel, the fourth on the
closing eontrol valve, One of these pressure
switches onthe panel is alockout device in the clos-
ing circuit, one switch is a lockout in the openin
circuit, and the remaining one is an alarm switc
to indicate loss of pressure in the air storage tank.

The low pressure lockout 63C, see Typical
Wiring Diagram, Fig. 12, in the closing circuit has
been Set to open its contacts at 200 p.s.i. under the
conditions of descending air pressure andtoclose its
contacts at 210 p.s.i. with ascending air pressure,

Low pressure lockout 63 T, Fig. 12, in the
opening circuit is set to open its contacts at 185
p.s.i, descending air pressure andto close its con~
tacts at 195 p.s.i. ascending air pressure.

The alarm switch 63A has been set in the fac~
tory to close its contacts at 230 p.s.i. descending
air pressure and to open its contacts at 245 p.s.i.
ascending air pressure.

The closing pneumatic interlock switch 63 CI,
Fig. 12, has been set inthe factory to close its
contacts at 30 p.s.i, descending air pressure and
to open its contacts approximately at 80 p.s.i.
ascending pressure. The operation of this switch
mounted on the closing control valve, is described
in the Section DESCRIPTION OF COMPONENTS.

Each of these pressure switches, Fig. 9 have
two adjustments. Adjusting screw 19 selects the
range of operation in that the spring pressure
of spring 16 is varied to balance the force of the
pressure acting on the pressure bellows 10, Ad-
Justing screw 19 can be reached by ingerting a
screw driver through the hole provided in the top
of the breaker housing into the slot in the top of
the moulded case of the pressure switch, The dif-
ferential between pick up and drop out is set by
adjusting cam 2 which can alsobe rotated by means
of a screw driver inserted through the hole in the
top of the breaker housing, Should the pressure
switches operate at values different fr om those
given, adjust screw 19 and check the operation of
the switches with decreasing air pressure, Apointer
on the front of the pressure switch case indicates
whether the operating point is being raised or low-
eéred. Check the pick up of the switches with as-
cending air pressure and adjust to as small a dif -
ferential as possible with the adjusiing cam 2 mak-
ing sure that snmap-action operation is maintained,
It is not expected that the adjustments of the pres-
sure switches and other pressure operated devices
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will be held any closer than + 2# of the nominal
settings as listed in this Instruction Book.

The pressure gauge mounted on the panelis for
indication purposes only and is not to be usedto
check pressure switches or breaker operation,

AUXILIARY SWITCH

The Type SB-1auxiliary switchis mechanically
operated by the breaker mechanism. Each contact
has been set and adjusted for correct breaker oper-
ation at the factory. Readjustment, maintenance or
repair should not be attempted without referring to
Instruciions GEI-18080 appended as part of this
Instruction Book,

ADJUSTMENT OF ARC CHUTE

At installation, or if the arc chutes are removed
during normal maintenance and inspection, align-
ment and contact making point of each phase must
be checked, Should the contact points vary or the
arc chutes be in misalignment with the contact
blade, readjust the arc chute and blade as follows,

Leveling screws 19, Fig. 2, are furnished for
the purpose of leveling {he are chute and obtaining
alignment with the contact blade. There are six of
these leveling screws and by making adjustments
with three of them the support insulators serve as
a tripod enabling the arc chute to be aligned accu-
rately, If this operation is necessary, first loosen
the clamping bolts securing pedestal 22 to the con-
tact stud of bushing 20, Next loosen the socket head
screws in the center of leveling screws 19. Loosen
the two front leveling screws and the center rear
leveling screw. Adjust the other three leveling
screws until the recommended clearance is ob=
tained between the contact blade and the arc chute
at all points of the stroke. (See Para. 3 under
"Stroke'), Tighten the socket head screws in the
center of these three leveling screws. Tighten
the remaining three leveling screws and thentighten
the socket head screws. Fastensecurelythe clamp-
ing bolts securing the pedestal 22 to the contact
stud of bushing 20.

When adjustments to the arc chute 16 displace
to any extent the positions of the pedestal 22 in re-
lationto the bushing contact stud, such as may pos-
sibly cccur when installing a replacement arc chute,
loosen the four bolts securing the bushing to the
breaker housing and align the bushing contact stud
with the contact of the pedestal. After tightening
the bolts securing the bushing 20 to the breaker
housing, it will be necessaryto check the alignment
of the attached disconnect switch.

Coupling 13 on operating rod 11 provides the
adjustment necessary for synchronizing the con-
tact point of all three phases. (See Para, 2 under
"Stroke"), To make any adjustment, loosen the set
screw in coupling 13, Remove the pin between the
coupling and the contact blade 15, Liit the oper-
ating rod 11 so that the coupling is free from the
contact blade. Makethe necessary half-turns of the
coupling and reassemble to the contact blade after
securing the clamping nut and set screw on coupling,

MANUAL TRIP AND LOW PRESSURE LOCKOUT

Mounted on the top of the opening control valve
is a manual trip device coupled with a low pressure
lockout to prevent operation of the manual trip at
pressures below those required for satisfactory
operation of the breaker. Refer to Fig. 8. Oper-
ationof the manual trip lever 23 lifts the trip valve
shaft 26 of the opening conirol valve 20 and operates
the valve. Lockout arm 3 engages the manual trip
lever on low pressure conditions to prevent the
operation. As set in the factory the lockout arm 3
blocks the trip lever at 185 lbs, descending air
pressure. Under the conditions of ascending air
pressure the lockout armfrees the trip lever at 205
p.s.i. approximately, The operation of this device
at the before mentioned pressures should be checked
and if not in correct adjustment be readjusted. The
range of this device is adjusted by changing the
spring pressure on springs 14 and 18 by means of
adjusting nuts 16 and 19. I the lockout armen-
gagesthe manualtrip lever 23 atapressure greater
than 185 lbs., decrease the tension on springs 14
and 18, Continue with this adjustment until the 185
value is obtained. H this pressure is less than 185,
increase the sprjing pressure.

FINAL INSPECTION

After the air-blast circuit breaker has been
installed with all mechanical and electrical con-
ggctions located, the following final inspection should

made.

1, Make a final check that the breaker is se-
curely fastened tothe foundation and proper -
ly leveled.

2, Inspect all wiringtosee that no damage has
been done to the insulation during installa-
tion. Checkterminalsfor loose connections,

3. Check that all nuts, bolts, washers, cotter
pins, and terminal connections are in place
and properly tightened,

4, Check that all air line connections and plugs
are tight,

5. Go over the pneumatically operated mech-
anism completely and check that all plugs
and grease fittings in the operating cylin-
ders have been securely tightened. Check
that needle valves are securely iocked.

6. Operate the breaker slowly with remov-
able maintenance closing device and note
that there is no excessive binding or fric-
tion and that the breaker can be moved to
the {fully open and fully closed position.

7. With the breaker in the closed position
check the oil level in the oil dashpots and
fill to the marked level with Umivis J-43
(Esso Standard 0il Co,) oil if required
through the capatthe tap of the gauge glass,

8, Fill the air receiver to a normal pressure
of 250 p,s,i. and operate the breaker open



and close from the control bution provided
on the breaker panel. Close the incoming
air line valve and with the breaker in the
open position see that two complete close~
open operations can be obtained before the
opening of the minimum operating pressure
switches prevents further operation

9. For ease of revie wing adjustments, the
following are recapitulated,

a. Breaker stroke 14 1/2 in. + 1/18 in,
b. Contact wipe 17/8 in. + 1/16 in.

c¢. Clearance between contact blade tip and
contact block 5/186 in, + 1/186 in,

d., Variationbetween contact make between
the three phases 1/18 in,

e. Clearance between blast valve operator
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.and valve stem cap 3/32 in, + 1/32 in.

f. ﬁa:dmum lift of blast valve 1 in, + 1/18

g. Minimum clearance between blade and
arc chute .002 in,

h. Lockout of pressure switch in closing
clrecuit 200 p.s.i., decreasing.

1. Lockout of pressure switch in open cir-
cuit 185 p.s.i,, decreasing,.

i. ration of low pressure alarm switch
230 p.s.i., decreasing,

k. Opefatlon of manual trip lockout 185
p.s.i.

When all the foregoing inspection details have

been checked, breakers may be safely placed in
service,’

MAINTENANCE

Dependable service and safety of power equip-
ment are contingent on the unfailing performance of
the Power Circuit Breaker, To maintain such ser-
vice, it is recommended that a definite schedule be
set up and adhered to for the purpose of properly
lubricating the wearing parts. A dependable and ob~
servant attendant can be expected to forestall mis-
haps by reporting loosened nuts, scored surfaces,
and other evidences of potential {rouble.

PERIODIC INSPECTION

At regular intervals, depending upon the ser-
vice in which the breaker is used, periodic inspec~
tion should be made and the apparatus given such
maintenance as may be found desirable or neces-
sary. Routing inspection should be made at no less
intervals than every six months and after any sev-
ere fault operation, Duringthese inspection periods
the following details should be carefully checked,

BREAKER CONTACTS

The breaker contacts should be carefully in-
spected at each inspection period. A good ca~
tion of the condition of the contacts can be readily
obtained without any disassembly work by observ-

the appearance of the arcing tips on the con-
tact blades, Severe burning on these tips will in-
dicate arelative amount of burning on the arc chute
contacts, If such is the case the arc chutes should
be removed fromthe breaker cell and disassembled
for inspection of the contacts. The method of doing
this is deseribed in detail under the section DES-
CRIPTION OF COMPONENTS. Unless very sev-
ere fzult conditions have been experienced, it is not
anticipated that the contacts or blades require
replacement for a considerable period of time.

CONTACT BLADE
In addition to the condition of the contact blade

tip, the surface of the contact blade should be in-
spected to insure that no excessive wear or scor-
ing of the surface has taken place. H scoring is at
all evident, the wiping contact fingers should be re-
moved and replaced if ingpection reveals a neces-
sity for so doing.

MECHANISM

At regular inspection, the mechanism should be
checked to see that it is lubricated and operates
freely through the entire stroke, It is not neces-
sary to make a complete inspection at every main-
tenance period, but at occasional intervals remove
the pins connecting crank (Fig. 2, P-30), and oper-
ating rod (Fig, 2, P-11), and checkfor binding of the
mechanism, See that the operating shaft maintains
proper alignment and fits in its bearings and that
the mounting bolis in these bearings remain tight,
Check the keys holding gear, crank, and cam to the
shaft to insure their remaining tight and in place,
Check the oil level in the oil dashpots,

PRESSURE SWITCHES

Review the adjustment of all pressure switches
and lockout devices to insure that no change has
taken place in their settings.

AIR STRAINER

The breaker air supply line is e%uipped with a
strainer to remove foreign particles from the air.
At the regular periodic inspection remove the plug
in the straiper and withdraw the strainer screen
for inspection. If the strainer screen indicates an
faccumulation of dirt, rinse in cleaning fluid or gas-
oline, If the screen has been punctured or is rust-

4 new screen should be installed, Take care

these parts are completely dry after being sub~
merged in the cleaning fluid getore remstgl)fmg_in
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the breaker. The pipe threads on the plug should be
carefully coated with G.E. Compound GED 50H8A
(#250 Lead-Plate),

CONTROL RELAY AND AUXILIARY SWITCH

Inspect the contacts of the control relay and
auxiliary switchto see that the contacts have no ex-
cessive %u.rning and are in good operating condition,
Reier to Instructions GEI-18080 included as part of
this Instruction Book.

AIR LINES

At regular intervals the porcelain air line in-
sulators should be inspected for mechanical damage,
Once ayear these insulators should be removed and
the interior inspected for accumulation of carbon or
dirt. ¥ is best to clean the interior of these por~
celains by swabbing with clean cloths and carbon
tetrachloride.

At the end of each malintenance program acom-
plete inspection should be made as outlined under
the section INSTALLATION.

SERVICING
BLOW OFF VALVE

The breaker air receiver is furnished witha
blow off or drain valve for draining the air pres-
sure at periodic inspection periods, This drain
valve is interlocked with the mechanism shaft so
that the valve can only be operated with the breaker
in the fuily open position. At regular intervals this
valve should be opened to remove any water which
may have accumulated in the receiver, This will
require but slight opening of the valve so that little
loss of air will result. This valve is also interlocked
with the manual device, see section MAINTENANCE
CLOSING DEVICE., .

SAFETY VALVES

Each breaker air receiver is equipped with a
safety valve which has been settooperateatapres-
sure which will afford adequate protection for the
air receiver. No attempt should be made to read-
just this valve in the field.

The state code on Unfired Pressure Vessels
should be consulted for specific information regard-
ing the use of safety valves, Some states reguire

that the valve be operated at least once aday. This
practice is not recommended by the valve manu-
facturer unless specifically required by the State
Code. Experience has shown that operating safety
valves by the hand lever has a tendency to disturb
the seat which may result in air leakage at lower
than the set pressure.

Under no conditions should the safety valve be
used to exhaust the air from the air receiver. The
blow-off valve is provided for this purpose.

LUBRICATION

During assembly at the factory all moving and
bearing surfaces of the breaker have been lubricated
with the proper grease, It is recommended that on
periodical inspections, the following procedure
should be followed,

1. Mechanism Cylinders.
Use a good grade lubricating oil 5.A.B,-30,
apply eight drops at six month intervals in
each cylinder,

2, Mechanism Gear and Bearings.
Coat the gear and rack teeth with a thin
coating of G.E. D50H15 at every six month
interval,

The bearings are equipped with Alemite fit-
tings and should be given one shot of G.E.
D50H15 compound.

3. Contact Blade and Wiping Contacts.
At periodic inspections wipe the contact
blade clean from all grease, Clean with
cleaning fluid, if necessary, Coat the blade
with a thin covering of G.E, D50H15 com-
pound,

This should be done every six months at
least, and oftener in dust filled atmospheres.

4, Mechanism Pins,
Lubricate at inspection with G.E. D50H15
Compound.

5. Control Valves
No lubrication required,

6. Oil Dashpots.
Check oil level and add oil if necessary.

DESCRIPTION OF COMPONENTS

OPERATING MECHANISM

The operating mechanism for the type ARA Air-
blast Circuit Breaker is of the electro-pneumatic
trip free type. This mechanism does not employ a
mechanical trip free linkage but assures trip free
operation during any part of the breaker stroke by
the proper centrol of pneumatic devices. The oper-
ation of the pneumatic system will be explained at
the end of this section.
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The mechanism is mounted ontop of the breaker
housing as is shown in Fig. 2, The mechanism
has been correctly aligned inthe factoryandis bolted
and welded in position, There should be no occasion
to change the location of the mechanism after the
breaker leaves the factory except for possible re-
placement.

The primary purpose of the mechanism is to
operate the contz-t blades and blast valve to per-
form the funstions of interruption and closing.



It operates with positive high speed closing un-
der no load and maximum fault conditions and pro-
vides early contact parting, after trip impulse, to
assure fast interruption of all fault conditions.

To explain the operation of the mechanism a
detatled descriptionof each operation will be given.

OPENING OPERATION

Referring to Fig, 3, which shows the mechan-
isminthe closed position, the opening control valve
7 is energized electrically thereby admitting air
simultaneously intothe booster cylinders 11 and 36
and intothe opening dashpot cylinder 26 through air
line coupling 28, The volume to fill in the booster
cylinders is small and in contrast that of the dash-
pot cylinder is large. Consequently, pressure builds
up rapidly behind the hooster pistons 9 and 34 and
the breaker is driven in the opening direction. The
booster pistons drive the mechanism through the
racks 31 and 45 and gear 44 until the blades part
from the arc chute contacts, In this region, the air
isby-passed intothe main opening cylinder through
air by-pass line 6 behind the main opening piston 12,

During the booster piston stroke the blast valve

37, Fig, 2, has been opened by the blast valve oper-
ator 35 and the breaker contact blade has moved
into the contact parting position, Upon the opening
of the blast valve, compressed air is admitted to
each arc chute 16 through the air line manifold 28,
The blast valve camis so arranged that the full re-
uired pressure ig available in the arc chutes be-

ore the contact blades 15 separate from the con-

tact 29, Fig. 4. By this time the opening dashpot
cylinder 26, Fig. 3, has been charged. In addition
to this the rotation of the mechanism shaft, shown
at both 20 and 43 in Fig. 3, has caused the cam and
crank 19 to operate the oil dashpot piston stem 23
through the ¢crank 22 and rollers 21 and 17, The oil
dashpot 25, in conjunction with the dashpot piston
29 prevents excessive opening speed of the breaker,

After the contact blades have moved approxi-
mately 5 inches from the elosed position, the open-
ing dahspot piston 29 has moved beyond by -pass 27,
while the main opening piston 12 has moved to the
position so that air by-passed through by-pass 6
from the booster cylinder acts on the main opening
piston. The main opening piston now drives the
breaker positively for the remainder of the stroke,
Dashpot action at the end of the stroke is afforded
by the oil dashpot 25 andthe dashpot piston 29 which
moves beyond and closes up the by-pass 27. A
bleed hole in the end of the opening dashpot cylin-
der allows the air remaining in the dashpot cylin-
der to escape.

CLOSING OPERATION

When the closing control valve 5 is energized
electrically, air is transmitted to the closing dump
valve 38 through the air line 8, This air holds the
dump valve in its normally closed position but the
flapper valve 40 in the dump valve is forced openby
the air pressure, thus admitting the air into the
closing cylinder 42, This high pressure air acting
behind the closing piston 41 moves the breaker in
the closing direction. The blast valve cam is so
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arranged that the required pressure is available in
the arc chute before the contact blade touches the
secondary contacts. The closing piston drives the
breaker to the closed position unretarded except at
the end of the stroke when the closing dashpot piston
33 becomes effective due to the compression of the
air within the cylinder 32, After the closing control
valve is cut-off, the compressed air remaining in
the closing cylinder automatically opens the dump
valve .38 against its return spring and escapes
through the exhaust ports into atmosphere,

TRIP FREE OPERATION

To obtain the electro-pneumatic trip free fea-
ture the opening control valve is given preferred
control over the closing control valve, To accom-
plish this air line 3 is connected from the down-
stream side of the opening control valve 7 to the
pneumatic timing chamber of the eclosing control
valve 5, By this arrangement energizing the open-
ing control valve immediately closes the closing
control valve regardless of whether the closing con-
trol valve coil is energized or not. A more com-
plete description of the pneumatic operation and
characteristics is given under CONTROL VALVES
later in this section of the Instruction Book,

When the closing control valve is closed by this
action described above, the air accumulated behind
the closing piston 41 is immediately exhausted to
atmosphere by the dump valve 38, Reversal of the
mechanism for trip free operation is thus accom-
plished.

ASSEMBLY

Under ordinary conditions the operating mech-
anism should require nodisassembly other than the
regular service and inspection requirements as out-
lined under MAINTENANCE. In order to examine
and clean the cylinder it is suggested that one cyl-
inder be removed at a time. This will prevent the
change of any setting of cranks, cams, stroke, etc,
Shouid it be necessary to disassemble the mechan-
gﬁl’ the following outlined procedure should be

owed,

1. Disconnect the cranks 30, Fig, 2, from the
operating rods 11 by removing the coupling
ping from all three cranks,

2. Disconnect the air line piping fromthe open-
ing and closing control valvestothe operat-
ing cylinders andair receiver; then remove
the control valves by removing the clamp-
ing bolts holdingthe valves tothe front hoost -
er cylinder,

3. Loosen set screwsinthe endcrank 30 (Pole
2}1 :ﬁnd slide the crank from the mechanism

4, Remove the holding bolts from the split
bearings on the mechanism frame at Poles
2 and 3 and disassemble the removable half
of the bearing.
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5. Disengage the set screws in the center out-
put crank 30 and slide the output crank along
the mechanigsm shaft approximately three
inches toward the cylinder housing.

8. Remove ihe remaining split bearing on Pole
1 and slide the shaft to disengage the gear 44,
Fig. 3, fromthe piston racks 3 and45, Con-
tinue in the same direction and remove the
mechanism shaft 43 with cam gear and two
cranks,

7. The remaining parts such asthe two operat-
ing cranks 30, Fig, 2, the gear 44, Fig, 3,
and the blast valve cam can be removed by
sliding them one after the other from the
operating shaft after loosening all set
screws. These parts tightly fit the shaft and
in some instances apress may be required,

8. Remove each cylinder by removing the four
clamping bolts, The operating pistons can
then be readily removed from the mechan-
ism frame, The piston and cylinder should
be marked sothat onreassembly the correct
matching parts are placed together,

9. Toinspect the booster pistons 9 and 34, Fig.
3, remove the booster cylinders 11 and 36
fromthe ends of the main cylinders by loos-
ening the four clamping bolts. Note the
position and quantity of any spacers behind
the rear booster piston and make sure that
these spacers are replaced.

10. To disassemble the dump valve remove the
end plate from the closing cylinder 42 and
remove the dump valve 38 by sliding it out
the rear of the closing cylinder.

11. To remove the oil dashpots 25, Fig. 3, first
remove the four mounting bolts and lower
the dashpot until it can be removed from the
mechanism frame 15.

The mechanism as shipped from the factory
regulres no adjustment, Inthe event of disassembly
and reassembly all parts should go together read-
ily and in the same relation as before removed.
All parts on the main operating shaft are keyed so
that the correct position is easily found, Care should
be observed to correctly locate the final open and
closed positions, To do this, move the closing pis-
tiontothe fully open breaker position and the open-
ing dashpot pistontothe fully open breaker position.
Then engage the gear teeth in the rack teeth being
careful to hold the pin centers of the cranks 30,
¥ig. 2, 1 7/16 inches back beyond the vertical cen-
ter line through the mechanism shaft 9. With the
open position correctly located with respect topis-
tions and main ghaft, all other adjustments will fol-
low d:.utomatically providing no changes have been
made.

ARC CHRUTE

The purpose of the arc chute is to perform the
task of circuit interruption at all current conditions
from load current to maximum fauilt current and to
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provide contact between the contact blade and the
stationary current carrying fingers, The distress
of interruption is confined within the arc chute ex-
cept for that portion of the gases which is exhausted
up the exhaust tube into the exhaust header,

Referring to Fig. 4, which shows the arc chute
with one side plate removed, the functions of oper-
ation are performed as follows:

Prior toparting of the arcing tip 40, on contact
blade 41, from the secondary contact fingers 29,
high pressure air is admitted to the arc chute
through air line insulator 31. As the arc forms on
parting of the arcing tip and the secondary fingers,
itistransferred from the secondary fingers toarc-
ingelectrode 24 due tothe flow of high pressure air,
This arc between the arcing electrode and the arc-
ing tip is blow down stream in the chute splitting
on arc barriers 9, 11, and 13 into several parts,
Each section of the arc is blownand expanded along
the arc barriers until interruption takes place. Im-
mediately after the current is interrupted and the
recovery voltage surges toward crest,a part of the
original arc is re-established through probe 8 and
resistor 22 if the recovery rate is sufficiently high.
The resistor is connected between points 20 and 30.
This in effect places the resistor and the arc from
the resistor probe to the blade tip in series across
the arc chute, At next resistor current zero, this
smaller current is interrupted entirely without volt-
age distress and at a low recovery rate, The
products of interruption are rapidly moved through
cooler plates 12 and thence up exhaust tube 2 through
muiffler plates 1 into the exhaust header, The con-
tact blade continues its opening stroke out of the arc
chute to the fully open position,

To remove the arc chute from the breaker and
disassemble proceed as follows:

1. Loosen the bolts holding the clamping plate
and gasket at the upper end of the exhaust
tube., Remove exhaust tube 2 by removing
bolts 3 through clamp plates 4 and 6.

2. Remove the flat interphase insulators at-
tached between the arc chute and the side
of the breaker housing.

3. Remove nuts 33 holding the air line insul-
ator clamp plate 35 and slide the clamp
plate toward the rear of the air line insul-
ator. Remove the bolts holding the clamp
plate and spacer block on the air manifold
end of the air line insulator. By sliding out
the spacer block, there is sufficient clear-
ance to remove the air line insulator 31,

4, Remove bolts 23 from pedestal 21 and bolts
attachingthe arc chute support 18 to the arc
chute, Remove the arc chute through front
of the breaker cell,

5. Remove the bolts holding the contact support
25 to the contact adapter 27 and slide the
stationary contact assembly out through the
bottom of the chute.
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6. For purposes of inspection, the condition of
the arc chute can be observed through the
opening from which the stationary contact
assembly has been removed, The condition
of the bottom plate 15, arc barriers 9, 11,
13 and throat block 37 should be particu-
larly noted. In general the bottom arc bar-
rier 13 can erode approximately 1 1/4" in
length before replacement is necessary.

For replacement of the internal parts of the arc
chute the side plate should be removed. Remove all
nuts and screws fromcne side of the arc chute, Use
a soft mallet and tap the side plate upward, when
lying flat on one side, being careful tokeep the plate
as near levelas possibletoprevent forcing the fibre
joints, or producing undue strains on any of the
parts. With the side plate removed, the internal
parts can be easily replaced, Fibre warps rapidly
under changing moisture conditions and the arc
chute, once disassembled, should be reassembledas
soon as possible to eliminate unnecessary work in
matching the parts,

ASSEMBLY OF THE ARC CHUTE

In the explanation of the assembly, it will be
assumed that the arc chute has been completely
disassembled.

To one of the side plates T Fig. 4, attach the
throat block 37 being careful that the slots in the
throat block line up properly with the grooves inthe
side plate, Place this assembly flat ona work bench
or table withthe groovesupsothat other fibre parts
can be fitted. Fit the guide block 38, top plate 34,
and block 39 to the back plate 36, By means of a
short bolt through block 39 and top plate secure the
tapped metal plate in position., Then place this as-
sembly on the side plate with tongues and grooves
properly aligned, Drive the assembly tight using
a soft mallet. A smooth drive fit is required but in
no_case should the parts be forced, Place the end
plate 18 and front plate 10 in the proper grooves,
and drive tight. Drive bottom plate 15 in place,
making sure that the packing 17 is fitted properly.
Put the contact adapter 27 in place, Place packing
14 and the spacing block between bottom plate and
contact adapter as shown and fasten with screws to
the contact adapter, Place arc barriers 9, 11, 13,
inproper grooves making surethat the tapered sec-
tion on the leading edge of barrier 13 is placed with
the longer taper adjacenttobarrier 11. Place cool-
er plates 12 between the proper arc barriers, and
put the remaining throat block in place 2nd drive it
down until flush with the outside edges of the arc
barriers and back plate,

Start the remaining side plate from the back
being sure to have the tongue and groove properliyI
aligned, Insert three of the studs that pass throug
the back plate and tighten the nuts hand tight, Work
the side plate on from the back to the front bein
careful not to force on overstress the fibre parts.

Put the remaining studs through the arc chute
with the center studs passing through the cooler
plates 12, Tighten all studs being careful totighten
all equally. Tighten the screws holding the side
plates to the contact adapter and the throat block,

Type ARA Air-blast Circuit Breaker GEI-25335A

With the gasket 26 in position, place contact
support 25, complete with the stationary contact
assembly in the arc chute and hold in place with
SCrews,

It must be remembered during the assembly of
the arc chute that all joints must be tight and all
%amkets must be flat and compressed to prevent
eakage of gas during the interruption of a fault,

Due to the tendency of fibre to warp slightly
after being machined, it i1s possible that a certain
amount of fitting will have tobe done during assem-
bly of the arc chute, Parts which must be fitted
should be worked with care to assure tight joints
on the finished chute,

Recheck all nuts and screws holding side plates
and be sure they are properly tightened before final
assembly in the Air-blast Circuit Breaker housing.

To replace the arc chute inthe breaker housing
proceed inthe reverse order with instructions des-
cribing removal.

Before operation the breaker should be man-
uatal?r closed and the clearance between contact
blade 41 and the arc chute checked. {See section
on "Adjustment of Arc Chute').

STATIONARY CONTACTS

The stationary contact assembly is mounted in
the arc chute as shown in Fig, 4. It consists of
main contact fingers, 28, secondidry contact fin-
gers 29 and arcing electrode 24 which are mounted
on contact support 25.

The assembly of one half of the main contact
fingers in cross section is shown in Fig. 5A, The
outside fingers are held by lighter springs than the
inside pair of fingers. The fingers 1, and springs
2, 3, and 5, are assembled with the finger bolt 4
through the hole in the contact support. The nut on
the end not shown is tightened until the bolt projects
approximately 1/16" and the end of the bolt should
then be spun over to prevent loosening.

The assembly of one-half of the secondary fin-
gers isalso shownin Fig. 5A, which is & cross sec-
fion through one of these fingers. To assemble
fasten the laminations 9 to the secondary contact
fingers 15, Place the finger bolt 10, through the
sec fingers, place springs 13 and 14 over the
finger holt, then place the bolt into the retainer 12
and tighten nut 11 until the bolt shoulders. Spin the
end of the bolt over to prevent loosening. Fasten
btl;il: a:sembly to the contact support 6, with the

s 8.

After all fingers are assembled on the contact
support fasten the arcing electrode 24, Fig. 4, to
the contact support withthe shouldered screws pro-
vided, The stationary contact assembly is then
ready to be placed in the arc chute as previously
described,
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WIPING CONTACTS

The wiping contact assembly maintains the

electrical connection between the contact stud of
bushing 25, Fig. 2, and the contact blade 15 by means
of conmtact fingers which provide a wiping contact
when the breaker mechanism is operated. The de-
tailed assembly of the wiping contact is shown in
Fig. 5B,

To remove the wiping contact fingers itisfirst
necessary to remove the split connector 7 and then
the pins 6. To assemble the contact fingers in the
retainer, cross a pair of fingers 5 and place the
springs 4 in the countersunk holes, as shown, In-
sert a pair of fingers and slide the pin 6 in to hold
the fingers until the next pair is inplace. The wiper
2 is used to wipe the movable contact to prevent
grit and dust from entering the wiping contact as-
sembly. The wiper isheld in place with retainer 3,

It will be necessary to check the alignment of
the assembly if the connectors 7 are removed and
reassembled. In some cases it might be more ad-
visable to remove the contact blade from the as-
sembly and remove the fingers toward the center
by removing the central pins 6 instead of the out-
side pins. This method should not affect the align-
ment of the assembly,

There is no adjustment of this assembly other
than to align the entire contact support to place the
contact blade on the center line of the arc chute,
This should not be required unless the entire as-
sembly or supporting insulator 27, Fig, 2 is replaced
or the contact fingers are removed by the first
method given above, The supporting insulator as-
sembly is furnished with four leveling screws se-
cured by socket head screws. Line up of the as-
sembly is afforded by the four leveling and adjust-
ing screws,

CONTROL VALVES

The closing and opening conirol valves are id-
entical in principle of operation and largely soin
physical parts. The main distinction between the
opening and the closing control valve isthe addition
of amanual trip and low pressure lockout device to
the opening valve, For the purpose of description,
the opening control valve is shown in cross section
in Fig. 6. This description applies equally well to
the closing control valve except as herein noted,

The opening and closing control valves areelec-
tro-pneumatically operated to control the flow of
high pressure air from the air receivertothe oper-
ating cylinders of the breaker mechanism. Both
valves are attached to the end of the front booster
cylinder. The opening control valve is pneumatic-
ally connected from the air receiver to the two
opening booster cylinders and the opening dashpot
cylinder, The closing control valve, mounted on the
front booster cylinder for convenience, is connected
pneumatically from the air receiver to the closing
cylinder, Both valves consist of the following prin-
ciple parts, (Refer to Fig. 6).

1. An enclosing valve body 19,
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. A main valve piston 18.

. An armature and pilot valve piston 12,

. A solenoid operating coil 10,

. A pressure timing chamber 32.

. Inthe case of the gpening control valve only
an operating shaft 1 for the manual tripand
lockout device,

OPERATION

2
3
4
5
6

The operation of the opening and closing con-
trol valves is fundamentally the same, therefore
this section will also be treated collectively,

When the control valves are in the normal or
closed position, the spring 16 plus an unbalance of
air pressure above the main valve 18 holds the main
valve against the seat 22, thereby closing the valve
The leakage of air around the top flange of the main
valve equalizes the pressure between the air space
24 and the upstream side, The area on which this
pressure acts is preater than that exposed to the
downstream air so an unbalance condition is ob-
tained which holds the valve against the seat 22,
The air trapped inthe space 24 ahove the main valve
is retained by the pilot valve 12 which is held against
its seat 15 by spring 9,

To operate the valve, the solenoid coil 10 is
energized electrically and attracts the pilot valve
12 into the coil frame 31 causing itto move upward
off its seat 15. When the pilot valve moves, the
trapped air escapes thro the pilot valve seat 15
into the timing chamber 32, The release of the
air above the main valve nolonger maintainsthe un-
balanced force condition necessarytohold the main
valve closed, therefore the main valve 18 moves up
off its seat 22 and allows the passage of air through
the valve from the air receiver tothe operating cy-
linder. When the main valve moves up, the probe
26 seated in the main valve engages the pilot valve
and holds it up after the solenoid coil has been de-
energized by the opening of an auxiliary switch in
the breaker control circuit. The pilot valve 12
therefore can not returntoits seat 15 until the main
valve 18 has returnedtoits seat 22, The mainvalve
is closed by means of an unbalance of forces onthe
piston, During the time that the main valve is lifted
from its seat, air leakage around the valve fills
the timing chamber air space 32, air passage 27
and air space 24 to the required pressure neces-
sary to close the main valve 1B, As soon as the
pressure in the timing chamber reaches the neces-
sarr valve, the main valve returns to its normal
position, The probe 26 allows the pilot valve 12 to
seat, the high pressure air trapped in the timing
chamber 32 bleeds into the atmosphere through the
timing port 4, and the conditions for normal opening
are restored.

The area of timing port 4 as compared with the
leakage around the main valve pistondetermines the
time required to build up sufficient pressure in the
timing chamber air space to close the valve, as
adjusted in the factory, the valve is held open 8 to
10 cycles after the mechanism has completed an
operation. By this arrangement, the valve timing
is pneumatically controlled, both seal-in and cut-




In order to obtain trip free operation, it isnec-
essary to give preference to the opening control
valve over the closing control valve, Thisisespec=-
jally important withthe pneumatic seal-in arrange-
ment. Referring toFig. 3, the air line 3 is connected
between the down-stream side of the opening valve
and the timing chamber of the closing valve, When
the opening valve is energized the flow of air through
this line closes the closing control valve and holds
it closed by rapidly increasing the pressure in the
closing valve timing chamber. This air line 3 is
provided with a check valve to prevent the flow
of air from the closing valve timing chamber to
the opening line when the closing valve is operated
normally,

The pneumatic interlock pressure switch 63CI
which mounts onthe opening control valve deflector
isalsoconnected to the timing chamber of the clos-
ing control valve, Iis contact, Fig, 12, which is in
series withthe closingrelay coil, is normally closed
and opens when the pressure in the timing cham-
ber is greater than 80 p.s.i, and closes when the
pressure falls to 30 p.s.i. Since operation of the
opening valve builds up pressure inthe closing valve
timing chamber, the function of the switchisto pre-
vent energization of the closing valve solenoid coil
untilthe pressure inthe timing chamber has dropped
sufficiently to allow a complete normal operation
of the closing control valve.

DISASSEMBLY

To disassemble the control valves, proceed as
follows, referring to Fig. 6.

1. Remove all air fittings and the four holding
bolts between the valve and the booster cy~
linder casting,

2. Remove the cap 3 from the timing chamber
body 6 and push the coil leads inside after
loosening the grommets 33. Remove the
timing chamber which is held in place by
three socket headscrews inserted from be~
low,

3. Note carefully the position of the coil frame
S0 it can be reassembled to the same posi-
tion, After loosening the set screws 29 re-
move the coil frame and coil assembly from
the valve body using spanner wrench M-
6318667 P-1. The pilot valve 12isfree tobe
removedfromthe coil frame which still con-
tains the solenocid coil 10.

4. After removing shims remove retaining ring
14 using special wrench M-8318623 G-1,
Then remove pilot valve seat 15, gasket 25,
spring 16, probe 26, and main valve 18, In
reassembling place gasket 25 over pilot val-
ve seat 15 and use retaining ring 14 to lo-
cate the pilot valve seat correctly and tightly,

5. To replace the main valve disc 23, unscrew
the valve stem 21 fromthe valve pistonafter
first removing the set screw 17,

6. The pilot valve disc 13 is crimped in place
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and replacement of it will require a new
pilot valve and armature 12,

7. To replace the solenoid coil 10 disassemble
the two coil frames 30 and 31 which are
screwed together and locked by means of
two prick punches in V-grooves inthe lower
coil frame 30,

ADJUSTMENT

If noparts have been replaced, the valve should
require no adjustments when reassembled provided
the ¢oil frame has been located in its original
position,

If Ahe pilot valve and armature 12 has been re-
placed it may be necessary to adjust the position of
the coil frame. The probe lift, amount probe 26 lifts
pilot valve 12, (.045" minimum to .065" maximum)
canbe measured by pushingthe valve stem from the
bottom until the main valves stops against the bot-
tom of the pilct valve seat 15. Adjust the coilframe
by inserting shims ontop of the retaining ring 14 so
that the lift of the pilot valve when the coil is ener-
fiifzted is from .00%" to .010greater than the probe

If the main valve 18 is replaced it will be nec-
essary to check the timing of the valve to see that
the valve closes between 18 and 25 cycles. Since
the clearance between the main valve and the valve
body may be different it maI be necessarytochange
the size of the timing port 4. Increasing the size of
the timing port will increase the valve time,

BLAST VALVE AND DAMPER

The mechanically operated blast valve, Fig. 7,
regulates the flow of high pressure air from the air
receiver through the air line manifold and into each
arc chute. Operation of the blast valve supplies
high pressure air to the arc chute prior to contact
parting on the opening stroke and prior to contact
making on the closing stroke, The valve is held
open mechanically long enough to insure maximum
chute pressure during the period of interruption,
The typical operating curves, Fig. 11, show the posi-
tion of the breaker stroke at which the blast valve
operates.

Referring to Fig. 7, when the mechanism is
operated either closing or opening, rotation of the
main mechanism shaft 13 movesthe blast valve cam
12 until it en s the roller 14 of the valve oper-
ator 10. The blast valve operator then engages the
blast valve stem cap 35 moving the valve stem 37
upward and lifting the blast valve disc 4 from the
valve body 34, This opens the valve and admits air
through the vailve body intothe air line manifold 22.
Further rotation of the mechanism disengages the
blast valve cam 12 from the blast valve operator 10,
The combined force of the spring 36 and the an-
balanced pressure on top of the valve disc retainer
2 causes the blast valve to rest inself.

In order to conserve air in the air receiver, a

damper mechanism is incorporated with the blast
valve to limit the flow of air into the arc chute on
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a closing operation, This is possible because the
need for high pressure air is much less on closing
than on opening.

The damper 28, rotates about the shaft 28 and
is actuated by air piston 21 and spring 20, Air cg—
linder 18 has two air inlets 15 and 16, Spring 20
normally holds the damper 26 open but on an open~-
ing operation air entering inlet 16 coming from the
front opening booster cylinder holds the piston 21 as
shown. Air is admitted through the air inlet 16 on
opening to assure, if necessary, fast opening of the
damper following a closing operation.

On a closing operation, air from the closing cy-
linder enters air inlet 15 behind the piston 21 and
moves connecting rod 30 which rotates crank 29and
closes the damper during the closing operation,

To disassemble the blast valve for inspection
of the blast valve disc 4, proceed as follows:

1. Remove the bolts and the inspection cover
1, Fig. 2 from the top of the air receiver.
This inspection hole is directly opposite*the
blast valve assembly.

2. Move spring retainer 7, Fig. 7, upward com-
pressing spring 36 toexpose pin 8. With the
spring retainer held in this position, drive
the pin 8 out of the blast valve stem 37, This
allows removal of the blast valve stem cap
35 from the blast valve stem.

3. Reach through the inspection hole inthe air
receiver and removethe blast valve assem-
bly of stem 37, valve disc 4, valve disc
retainer 2 and ring 3, Visualinspectioncan
then be made of the condition of the blast
valve dise.

To remove the entire blast valve body, proceed
as follows:

1. Remove the pin coupling connecting rod 30
to crank 29.

2. Remove the bolts holding the clampi.ng ring
23 and adapter 25 to valve body 34 and slide
the clamping ring, gasket 24, and adapter
down on the air line manifold 22,

3. Remove bolts 38 whichfastenthe blast valve
body to the air receiver, Lower and turn
the blast valve body to remove it from the
breaker.

To complete the disassembly of the operating
mechanism of the damper:

1, Remove air lines from air inlets 15 and 186.

2. Remove. bolts holding cylinder 18 to mech-
anism frame 9, This will permit removal
of the spring 20 and piston 21,

The blast valve has been correctly installed

and adjusted in the factory. However, after each
inspection of the blast valve dise, or removal of the
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blast valve, it is necessary to check the clearance
between the blast valve stem cap 35 and the oper-
ating button 33 in the fully closed position. With
250 p,s.i, in the air receiver, this clearance should
be 3/32 in, + 1/32 in, and is obtained by varying the
shims 32 under the operating button 33.

MANUAL TRIP AND LOW
PRESSURE LOCKOUT

The ARA circuit breaker is equipped with a
manual trip and low pressure lockout device which
is attached to the manual trip shaft of the opening
control valve. This device is to allow operation of
the breaker when electrical control is lost but to
prevent operation at tank pressures lower than re-
quired for satisfactory interruption of any fault cur-
rent, The device prevents the manual tripping of
the breaker when the pressure in the air storage
tank is below 185 p.s.i. This device is shown in
Fig, 8 and mounts on the top of the opening control
valve. Operation of the manual trip lever 23 lifts
the trip valve shaft 26 picking up the pilot piston of
the control valve, Operation of the control valve
follows as outlined under the section CONTROL
VALVE. The principle of operation of this device
is as follows:

Air storage tank pressure is admitted into air
chamber 10, and actuates the pressure bellows 9,
Action of the pressure bellows is transmitted to the
lockout arm 3 by means of bellows rod 11. The
lockout arm pivots about pivot pin 12. Under low
pressure conditions the lockout arm assumes the
position as shown in Fig. 8 which prevents opera-
tion of manual trip lever 23. Under normal pres-
sure conditions the lockout arm moves to the right
of position shown in Fig. 8 and allows operation of
the manual trip lever. The action of the pressure
bellows 9 is counterbalanced by springs 14 and 18
which ean be adjusted by adjusting nuts 16 and 19.
By use of these nuts, the operating range of the de-
vice can be selected. The differential between pick
up and drop out is adjusted by positioning of the mag-
nets 4 and § by means of adjusting screws 5and 7,
These magnets tend to hold the lockout arm ineach
position and determine the differential of air pres-
sure onthe bellows 9 to cause operation. The lock-
out arm 3 should always stop onthe frame stop 8
and not on either magnet 4 or 6, As set in the fac-
tory there is a slight e¢learance between these mag-
nets and the lockout arm,

The holding magnet 22 assures that a definite
force isrequired to move the manual trip lever 23,
This assures that the opening control valve cannct
be shocked open, Stop nut 21 is adjusted so that the
manual trip shaft neither lifts or tends to close
the pilot piston of the opening control valve, Aux-
iliary manual trip lever 24 is provided asanexten-
sionfor manual trip lever 23 on breakers with deep
operating mechanisms.

PRESSURE SWITCH

There are four pressure switches furnished
with the ARA circuit breaker similar to that shown
on Fig. 9. There is a pressure switch in both the
clgsing and opening control circuits as shown inthe
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wiring diagram, Fig. 12. The object of these switch-
es is to preven{ the operation of the breaker at a
pressure lower than that required for satisfactory
operation, The third pressure switch operates an
alarm indicating a condition of low pressure in the
air receiver, These pressure switches are located
onthe breaker control panelat the front of the metal
cell, The fourth pressure switchhas been described
in the section on CONTROL VALVES, Referring
to Fig. 9, the mechanics of these switches is as
follows:

Each of the first three switches is connected to
anair manifold which in turn is piped tothe air re-
ceiver. Pressure for operating the switch enters
the pressure cylinder 12 through the air inlet 11.
The air pressure then acts on the pressure bellows
10 to move the piston rod 14. Piston rod 14 acts
on beam 9 which is pivoted at the beam pivot 15,
When beam 9 isactuated by piston rod 14, it in turn
loads the contact arm 4 which is free to turn about
the contact arm pivot 6. The force of the pistonrod
14 is counterbalanced by spring 16 and the adjusting
screw 19, When the force exerted on beam 9 by
spring 16 is greater than the force exerted by the
piston rod 14, the contacts 1 are held in the open
position., As the pressure in the air storage tank
increases the force exerted by the pressure bellows
10 through piston rod 14 on beam 9 increases and
the contacts 1 close,

There are two adjustments on the pressure
switch. Adjusting screw 19 can be turned through
the top of the moulded case 17 by means of ascrew
driver, Thus the compression of spring 16 can be
varied, Adjusting cam 2 can alsobe rotated by
means of a screwdriver through a slot in the moulded
case 17 to vary the contact point of contacts 1.
This later adjustment determines the differential
between contact making and contact parting. Elec-
trical connection is made to the switch at terminal
serews 3 and 7.

As set in the factory the pressure switchin the
closing control circuit is set to open at 200 lbs, on
the condition of decreasing air pressure. On in-
creasing air pressure the contacts should close ap-~
proximately 10 lbs, higher than drop out value,

The alarm switch is set to close its contacts
when the pressure inthe air receiver falls below
230, All of these pressure switches are provided
with a cover which can be removed for inspection
of the contacis and internal parts. The adjustment
of these switches should be checked atevery major
inspection period as outlined in the section SER-
VICING,

DOUBLE ACTING CHECK VALVE

Each breaker is equipped with a double acting
check valve, Fig,. 10, in the air supply line, The
purpose of this valve is to block too rapid a flow of
ajir intothe breaker air receiver and toprevent any
reverse flow of air from the breaker air receiver
back into the air compressor system. Thus, should
the compressor system fail, there will be sufficient
air retained in the breaker air receiver to operate
the breaker and also should the blast valve stick in

Type ARA Air-blast Circuit Breaker GEI-25335A

the open position, the entire air system willbe pro-
tected from exhaustion,

The pisten 3, Fig, 10, seats against the valve
bedy 1 under normal conditions as shown so that the
ket 2 forms an air tight seal to prevent reverse
low. When the supply valve is opened, the air pres-
sure onthe upstream side of the piston 3 overcomes
the force of springs 6 and 7 and forces piston 3 and
gasket 2 away from its seat. Flow is thus estab-
lished through the valve. If the rate of flow is too
great (60 p.s.i. differential approximately) the valve
surface 4 of the piston 3 seats on the valve cap 5
and hence shuts off the flow of air, The valve will
thus remain closed until the upstream pressure at
the check valve body is decreased to less than the
spring force. This can be effected by closing the
breaker inlet valve; the seat of the valve surface 4
on the valve cap 5, being metal to metal will leak
slightly so that air trapped between the inlet valve
and check valve will gradually leak past the piston,
?llowing the pressure to drop and the check valve
0 reset,

When filling the breaker air receiver, the in-
let valve should be opened slowly in order to pre-
vent the check valve from sealing shut because of
excessive pressure differential. If this occurs, the
inlet valve should be closed until the check valve
resets as described above, Resetting can be deter-
mined by a slight "thump" at the check valve.

To replace or inspect the gasket 2, disassemble
as follows:

1. Remove valve cap 5 by unscrewing from
valve body 1.

2, Remove springs 6 and 7.
3. Remove piston 3 from valve body.

4. I necessary, the gasket 2 can be replaced
by removing retaining screw 8,

SAFETY VALVE

Each breaker air receiver is equipped with a
safety valve for protection against over pressure
conditions. This valve has been adjusted by the
valve manufacturer toblow off atthe value indicated
on the valve nameplate, Each valve has been tested
for leakage before installation on the breaker. No
attempt should be made to readjust or change the
setting of these valves,

DRAIN VALVE INTERLOCK

The drain valve or blow -off valve, is interlocked
with the mechanism and the maintenance closing
device sothat the maintenance closing device cannot
be used unless the drain valve is open and the drain
valve cannot be opened, or closed, unless the breaker
mechanism is in the fully open position, Figure 14
shows the drain valve in the fully opened position.

An extension to the handle of the drain valve 8
and a guard 4 are connected so that the guard cov-
ers the end of the mechapism shaft 3 when the drain

i
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valve is closed and leaves the end of the shaft free
to receive the maintenance closing device when the
drain valve is open. Apin 5 weldedtothe guardrides
in a slot in the shaft and prevents movement of the
guard, and conse%lently cperation of the drain valve,
except when the breaker mechanism is in the fully
open position.

MAINTENANCE CLOSING DEVICE

A maintenance closing or manual device, Fig,
13, is provided in order to manually close and open
the breaker during installation adjustments and

RENEWAL

When ordering renewal parts, address the near-
est Sales Office of the General Electric Co.

Give the Reference Number and Name of the
part as shown in this Instruction Book; together
with all the information that appears on the Name-
plate on the mechanism.

Specify the quantity of each part required,

18

maintenance, The manual device fits overthe right
hand end of the mechanism operating shaft, the end
of which is machined in the shape of a hexagon. A
hook bolt and wing nut hold the manual down to the
channel acrossthe front of the breaker housing, The
manual andbreaker receiver drain valve are inter-
locked sothat it is necessary to open the drain valve
before the manual can be installed, This isdone by
a cover over the end of the shaft which also serves
to interlockthe manualwith the breaker mechanism
by preventing the placing or removal of the manual
device on the shaft unless the breaker is in the
fully open position.

PARTS

If available, furnish also the Requisition Num-
ber under which the apparatus was furnished.

RECOMMENDED RENEWAL PARTS

For a list of renewal parts recommended for
retention as stock, refer to the initial pages of the
Instruction Book of which these breaker instruc-
tions form a subdivision,

v
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Fig. 2 (w-6190609)
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1, Inspection Cover 11.0perating Red 21.Bushing Current Trensformer 31.Closing Dashpot
2.5afety Valve 12.Exhaust Tube 22.Pedestal Cylinder
3.Manual Trip Mechanism 13.Coupling 23.Air Line Insulator 32.Rear Booster Cylinder
4, Front Booster Cylinder 14. Wiping Contact Support 24.Clamp Plate 33.Closing Cylinder
5.Control Valves 15, Contact Blade 25.Bushing 34.Blast VYalve Damper
6. Gear 16. Arc Chute 26.Bushing Current Transformer 35.Blast Valve Operator
7.Main Opening Cylinder 17. Arc Chute Support 27. Support Insulator 36.Blast Valve Body
8.0pening Dashpot Cylinder 18.Support Insulator 28. Air Line Manifold 37.Blast Valve
9.Mechanism Shaft 19.Leveling Screw 29_.Bregker Housing 38.Air Storage Receiver
10. Control Panel 20.Bushing 30. Crank 39.Inlet Valve

. Fig. 2 Typical Single Pole Unit
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P 5. Closing Control Valve 27. By Pass
25— - oo 6. By Pass 28. Air Line Coupling
7. Opening Control Valve 29. Opening Dashpot Piston
8, Air Line 30. Gear Housing
9. Front Booster Piston 31. Rack
10. Air Line 32. Closing Dashpot Cylinder
11. Front Booster Cylinder 33, Closing Dashpot Cylinder
12, Main Opening Piston 34, Rear Booster Piston
13. Main Opening Cylinder 35. Air Line O
14. Air Line 36, Rema Booster Cylinder
15. Mechanism Frame 37. Buffer
16. Breather 38, Dump Valve Piston
17. Roller 39. Dump Valve Cap
18. Pin 40. Dump Valve Flapper
19, Cam and Crank 41. Closing Piaton
20. Mechanism Shaft 42. Closing Cylinder
21. Roller 43. Nechanism Shaft
22, Crank 44. Gear
45. Rack
Fig. 3 (Operating Mechanism
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End Plate
Packing

Arc Chute Support
Support Insulator
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Contact Support
Gasket

Contact Adapter

. Main Contact Finger

Fig. 4 Arc Chute
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Secondary Contact Finger
Resistor Connection
Air Line Insulator
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Nut

Top Plate

Clamp Plate
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Arcing Tip

Contact Blade
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A-Stationary Contacts

1,
2,
3,
4,
5
6
7
8
9
10
11
12
13
14
15

Main Contact Finger
Spring

Spring

Finger Bolt

. Spring

. Contact Support

. Contact Block

. Bolt

., Laminations

. Finger Bolt

. Nut

. Retainer

. Spring

. Spring

. Secondary Contact Finger

Fig. 5
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B-Wiping Contacts

Contact Blade
Felt Wiper
Retainer

. Spring

. Contact Finger
. Pin

. Conmnector

. Contact Support
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w© 2. Stop Mut 20. Dunp Port
. 3. Casp 21. Valve Stem
= 4, Timing Port 22. Main Valve Seat
- 5. Packing 23. Main Valve Disc
. 6. Timing Chamber Body 24, Air Space
7. Adjusting Nut 25. Gasket
\\. 8. Set Screw 26, Probe
Y%, Spring 27, Air Passage
10. Solenoid Operating Coil 24. Gasket
11, Plunger 29, Set Screw
12. Pilot Valve and Ammature 30. Coil Freme
13. Pilot Vaive Disc 31. Coil Frame
14, Retsaining Ring 32. Timing Chamber
15. Pilot Valve Seat 33. Grommet
16. Spring 34, Gasket
17. Set Screw 35. Gasket
18, Main Valve
(' Fig. 6 Control Valve
13
IEEE——— —




r

GEI-25335A Type ARA Air-blast Circuit Breaker

39

3

g
.4 Flg. 7. (w-619061)

Y

— ——— 2s
27

RN

25

————————— 23

24

2 ——
1. Nut 14. Roller 27. Set Screw
2. Valve Disc Reteainer 15. Air Inlet (Closing) 28. Shaft
3. Ring 16. Air Inlet (Opening) 29, Crank .
4. Valve Disc 17. Buffer 30. Connecting Rod
3. Gasket 18. Cylinder 31. Nut
6. Air Receiver 19. Buffer 32. Shims
7. Spring Retainer 20. Spring 33. Operating Button
8. Pin 21. Piston 34. Valve Body
9, Mechenism Frame 22, Air Line Manifold 35. Valve Stem Cep
10. Valve Operator 23. Clamping Ring 36. Spring
11. Pin 24, Gasket 37. Valve Stem
12. Cam 25. Adspter 38. Bolt
13, Mechanism Shaft 26. Damper 39. Screw

Fig. 7 .Blast Yalve and Damper .
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Stop Screw
Locknut

Lockout Am
Magnet
Adjusting Screw
Magnet
Adjusting Screw
Frame Stop
Pressure Bellows
Air Chamber
Bellows Rod

. Pivot Pin
. Pivot Pin

Fig. 8 Manual Trip and Low Pressure Lockout

. Spring
Air Inlet Connection
. Adjusting Nut
. Spring Plate
. Spring

. Adjusting Nut
. Opening Control Valve
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. Holding Magnet

Manual Trip Lever

. Auxiliary Manual Trip Lever
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Nut
Trip Valve Shaft
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1. Contacts 11. Air Inlet
2. Adjusting Cam 12. Pressure Cylinder
3. Terminal Screw 13. Gland Mut
4. Contact Am 14. Piston Rod
5. Stop Block 15. Beam Pivot
6. Contact Am Pivot 16. Spring
7. Terminal Screw 17. Moulded Csase
8. Stop Block 18. Spring Retainer
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Fig. 9 Pressure Switch
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Fig. 10 Double-Acting Check Valve

27




GEI-25335A Type ARA Air-blast Circuit Breaker

BLADE TRAVEL- INCHES
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Fig- 12 (P-6195345)
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Fig. 13 (8001186)
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Fig. 13 Maintenance Closing Device
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1. Air Receiver 4. Guard
2, Mechanism Crank 5. Pin
3. Mechanism Shaft 6. Drain Valve

Fig. |4 Drain Valve Interlock .
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WHEN YOU NEED SERVICE

IF YOU NEED TO REPAIR, recondition, or rebuild any electric apparatus, a G-E service shop near you is available day
and night, seven days a week, for work in the shops or on your premises, Latest factory methods and genuine G-E renewal
parts are used to maintain the original performance of your electric equipment.

When you need parts only, o replenish those you stock as “production insurance,” your General Electric representa-
tive will service your request. Plan to stock and order far encugh in advance to assure an adequate supply to meet normal
| requirements.

. The services of G-E factories and engineering divisions are always available to help you with your elecirical problems.
For full information about these services, contact the nearest service shop or sales office listed below:

§ APPARATUS SERVICE SHOPS

, Atlonta—Chambles, Ga... .. .4639 Peachires
! . Indus. Blvd,

: Boltimore 30, Md........... 920 E. Fort Ave. B

Boston—Medford 55, Mass... ... ..... Mysfic

\ Valley Plwy.

t Buffalo 11, N.Y.. ... ....... 318 Utban St.

i Charleston 28, W.Va.. 306 MacCorkle Ave., S.E. 2
! Charlotte, N, C............ 2328 Thrift Read N
. Chicago 80, Ill.. .. ........84%9 S, Clinton 5t.

. Cincinnati 2, Ohio. . ....... 444 W. Third $t. N
i Clevelund 4, Qhio. . ... 4966 Woodiand Ave. ;
L Columbus 15, Ohio. . ....... 213 Cozzens 5t. 1
' Dattas ¢, Texas. . . ....... 3202 Manor Way
I Denver 5, Colo,. . . ........ 3353 Larimer St. 2

P Datroit 2, Mich.. .. ....... . 5950 Third Ave. .-
Houston 20, Texas. . 5334 Harvey Wilson Drive

} Johnstown, Pa.. .. ... 841 Ock St
L Kansas City 8, Mo.. . ........ 819 E. 19th St
i Los Angeles 1, Calif,. .. .. 4900 Stonford Ave,

P Milwaukee 3, Wisc.. . ... 940 W, 5t. Paul Ave.

* Minneapolis 12, Minn,. . ... 2025 49th Ave., N. -
| New York 14, N Y.......... 416 W, 13th St,

; Philadelphia 23, Pa.. ..... 479 N. Seventh 5t.

i Pittsburgh 6, Pa.. .. ........ 4519 Penn Ave.

i Portland 18, Oregon. .......... Swon liland San Franciseo 3, Calif.. . ... Y098 Harrison St. Toledo 4, Ohio. ... ...... . 1 S0. St. Clair 51
\ Richmond 24, Ya.......... 1403 Ingram Ave, Salt Lake City 4, Utgh 301 S, Seventh West St, York, Po.. . ... ......... 54 N. Harrison 51 L
il St. Lovis 10, Mo.. .......... 1115 East Road Seattle 4, Wash_......... 3422 First Ave., $. Youngstown 5, Ohio. . . .272 E. indiancla Ave, ”

i . APPARATUS SALES OFFICES .

Akron 8, Ohlo. .. ... e 335 §. Main St Fort Wayne 2,Ind........127 W, Berry St Pithsburgh 22, Pa.......... 535 Smithfield 5t.
t Abany 7, N Yo oo 90 State St Fort Worth 2, Texas.. ... 408 W. Seventh 51 Portond 3, Maine. . ... .. .. 477 Congress 5t,

Albuquerque, N. Me .. 323 Third St., 5.W. Frasno 1, Calif.. ... ..., Tulare and Fulton 5t, Portlund 7, Ore.. . ...... 920 5.W, Sixth Ave,

Allentown, Po.. .. ... ..... 101 4 Hamilton St. Grand Rapids 2, Mich.. 148 Monroe Ave,, NW, Providence 3, R. I.. . .... Industrial Trust Bldg.

Amarilic, Taxas. ......... 719 Amarillo 8ldg. Greensboro, N.C............ 301 S. Elm St. Ralelgh, N. C.. . ........ 336 Fayetteville St

Appleton, Wisc.. .. . ... 531 W, College Ave. Greenvifle, 5. Ci. . . .. 108 W, Washington 5¢. Reading, Pa.. . ............. 31 N. Sixth St
1 Atlanta 3, Go.. .Peachiree Rd. at 28th 51, NW. Hagerstown, Md.. .. ... Professional Arts Bldg. Richmond 17, Va.....,....700 E. Franklin 5t,
" Augusta, Ga............ Eighth & Broad Sts. Harrisburg, Po..........". . 300 N. Sacond St. Riverside, Calif.. . . ... ... ... . 3808 Main St.
! Bakearsfield, Calif,. .......... 211 E. 18th 5t Hartford 3, Conn.. . ......... A10 Asylum St Roancke 14, Ya.. . . .920-924 5, Jefferson St,
L Baltimore 1, Md.. . ........111 Paork Avenve Houston 1, Texos. .. ... ... 1312 Live Oak 5t. Rochester 4, N. Y. . .. ... ... ... 89 E. Ave.
‘1 Bangor, Maine. . ... .. ... 77 Central St. Indianapolis 4, Ind,. . .. .. .. 110 N. illinsis St. Reckford, W.. . ............. 110 S, First St, .
il Battle Creek, Mich.. .. .25 W. Michigan Ave. Jackson, Mich.. . ... ... 120 W. Michigan Ave. Rutland, ¥t.. . ............. 38% Center St o
” Beoumont, Texas. . . ......1385 Celder Ave. Jackson 1, Miss.. . ....... 203 W. Capitol St, Sacramento 14, Calif.... ... .626 Forum Bldg.
I Binghamton, M. Y........... 19 Ch go 5t Jach ile 2, Fla.. ........ 700 E. Union St. Saginaw, Mich.. ........ 501 Bearingsr Bldg -
H Birmingham 3, Ala... .. . 1904 Seventh Ave, N. Jamestown, N. Y.. .P.O. Box 548, 2 Second 5t. St lowis 2, Ma.. .......... 112 N, Fourth St, K.
1§ - Bluefield, W.Va.P.O.Box 447, Appalachicn Bldg. Johnson City, Tenn,, ., 321-323 W. Walnut 5t. Salt Loke City 9, Utah. . .. .. 200 5. Main 5t. Y

Lo Boston 1, Mass.. . .......... 140 Federal St. Johnstown, Pa.. .. ............ 841 Ock 5t. San Antonio 5, Texas....310 5. 5r. Mary's St i
v Buffale 3, N.Y.......... 535 Washingten St. Kansas City 4, Mo.. . ..106 W. Fourteenth 5t. San Diego |, Calif.. . .. ... 1240 Seventh Ave.

. . Bufte, Mont.. P.O, Box 836, 103 N. Wyoming St. Knoxvilla 08, Tenn... ...... .. 602 S. Gay S5t. San Francisco 6, Calif.. . . 235 Montgomery St,

, Canton 2, Ohlo. . . . .. 700 Tuscarawas 5t., W. Lonsing 8, Mich... .. .....106 W. Allegan 5¢, San Jose 10, Colif. . ..... .... 460 Pork Ave ,
jl Cedar Rapids, lowa. .. .. 203 Second St., S.E. lincoln 8, Nebr.. .. .......... 1001 “O" St. Savannoh, Ga.. .. ... ... ... 4 E. Bryan §t
i Charleston 28, W. Va.. 304 MacCorkle Ave,, S.E. Littie Rock, Ark.. . ...... 103 W. Copitol Ava, Seattle 4, Wash.. .. ....... 710 Second Ava.

\ Charlotte V, M. L. .o ..o .. 200 S. Tryen St Los Angeles 54, Calif.. .. ...212 N. Yignes §t. Shreveport, La.. . ........... 1513 Line Ave, .

; Charlottesville, Va.. .., ...... 123 E. Main St Lovisville 2, Ky.. . ......... 455 5, Fourth S, Sioux City, lowa. . 572 Orpheym Electric Bldg. “

Chattanooga 2, Tenn.. . . . .832 Georgia Ave. Madison 3, Wise.. . ........ 16 N, Carroll St. Sioux Falls, 5. D.. .. ... 321 5. Phillips Ave.
” Chicago 80, 1Il. .P.0O. Box 59704, 840 5. Canal 51 Manchester, N.H_.......... .. .. 875 Eim St. South Bend 11, Ird.. . . 112 W, Jefferson Bivd,

H Cincinnati 2, Ohio. .. ...... 215 W, Third 5¢, Madford, Ore., P.O. Box 1349, 205 W, Main 5t, Spokane 8, Wash.. . ... ..... 5. 162 Post St
"t Clevelond 4, Ohic. ., . . . 4966 Woodland Ave. Memphis 3, Tean.. .. ......... 8 N, Third St. Springfield, W............ 607 E, Adams St,

t Columbia 1, §.C..P.O. Box 1434, 1420 Lady 5. Miami 32, Fla........... 25 S.E. Second Ave. Springfield 3, Mass.. .. .... ... 1387 Main St E
) Columbus 15, Ohlo, . . .. ..... 40 S, Third 51. Milwavkee 3, Wisc,. . ... 940 W, St, Paul Ave. Stockton, Calif.. ... . .. 11 So. Son Jooguin St. i
! Corpus Christi, Texas. 205 N. Chaparral Street Minneapolis 3, Minn.. . . ...... 12 S. Sixth $t. Syracuse 2, N. Y......... .. 113 §. Salina $t,

i Dallas 2, Texas. ......... 1801 N, Lomar 5t. Mobile 13, Ala.. . ......... 54 St. Joseph St. Tacoma |, Wash.. . . . 1202 W ashington Bldg

; Davenport, lowa. ... ...... 3511 Pershing Ave. Montgomery 4, Ala.. ........ 121 Molton St Tampa 6, Fla.. . ... ... ... 1206 North A St
: Dayton 2, Ohie, . ........ .. 118 W. First 5t Nashrille 3, Tenn.. . ... ... 234 Third Ave. M. Toledo 4, Ohio. ... ....... 420 Madison Ave. o
. Denver 2, Cole.. . ... ...450 Saventeenth St. Newark 2, N. L. ......... ... 744 Broad St. Trenton B, N. J.. ... ... 214 E. Hanover 5t. .
't Des Moines 9, lowa......... 505 w. Fifth St New Haven &, Conn,. ..... . .. 129 Church $t. Tolsa 3, Okla,. .. ........ 320 5. Boston Ave, 3
‘f Detroit 2, Mich.. . . ... . ... 700 Antoinatte St New Oreans 12, la.. .... ... 837 Gravier 5t, Whica 2, N.Yo ... .. ... 258 Geneses St B

i Duluth 2, Minn.. ... ... ... 14 W. Superior 5t New York 22, N, Y., ., .. .570 Lexington Ave. Washington 5, D.C.. .. ... 777-14th 5., NNW. P

Eimira, N. Y.... .. .Moin and Woodlawn Aves, Miogara Falls, NL Y.. . ... .. .. 253 Second 5t. Woterbury 89, Conn,,...... 111 W. Main 5t ?
§ E) Paso, Texas. . ......... 109 N, Oregon St. i;ov‘f.olk 10, Veoo ... .o e 229 W. Butie St. Woterles, lowa. . .......... 206 W. 4th St

i Erie 2, Pa.................. 1001 State St. aklond 12, Colif.. . ... ... 409 Thirteenth St. i VO X '

: Bugane, OFe.. -+« .« .. - 29 W. Elaventn 5t Ollahoma City 2, Okla....119 N. Robimon S vemm s wom e o .
o Evansville 19, Ind.... .. .. 123 N.W. Fourth 5t Omagho 2, Nebr, .. .. 409 S. Seventeenth St. wit MG L - . Y
g Foirmont, W. ¥a.. . .. ... .. 310 Jocobs Bldg.,  Paducah, Ky...P.O. Box 1001, 231 5. Fourth St, lliematon, N, G City Hall :
; P.O. Box 1626 Pasco, Washe,............ 421 W.Clork sy, Wilmington 98, Dal..... .. 1326 N. Marke1 St.

‘ Fergus Folls, Minn.. ... ... 102 W. Lincoln S, Peoria 2, M., ... ...... 309 Jefferson Bldg. Worcester 8, Mass.. .......... 507 Main St, /

P.0. Box 197 Philadelphic 2, Pa........... 1405 locust St York Pa. ... ... ... 54 N. Harrison St, s
Flint, Mich., . . .......... 853 §. Saginaw St, Phoenix, Ariz..P.C. Box 4037, 303 Luhrs Tower Youngstown 5, Ohia. .. .272 E. Indianola Ave, s,

: Mawall: American Factors, Lid., P, O. Box 3230, Honoluly 1 C da: Canodion Gensral Eleciric Company, Lid., Torento u 1

b GENERAL . ELECTRIC COMPANY, SCHENECTADY, N. Y. 1
" ' w—tay !
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