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Application July 7, 1951, Serial No. 235,586 
(CI. 200-—-150) Claims. 

1. 
This invention relates to circuit breakers, and 

Specifically to high-voltage, high-power circuit 
breakers of the oil-break type utilizing in their 
operation a relatively small quantity of oil or 
other dielectric liquid; i. e., breakers requiring 
Only Something on the order of a hundred gal 
lons of oil instead of several thousand gallons. 
In this connection it is to be understood that 
throughout this specification the term “oil' will 
be used as synonymous with 'dielectric liquid' 
since oil is the liquid most commonly employed 
for the purpose, and although other liquids may 
be substituted, their function, if used in the 
breaker of this invention, would be identical with 
that of oil. 
Among the objects of this invention, aside from 

the obvious one of economy of oil, are to provide 
a circuit breaker of large interrupting capacity 
which is nonetheless small in size as compared 
to the more usual tank type of breaker; to pro 
vide a circuit breaker in which the pressures de 
Veloped upon interrupting the circuit on a fault 
are limited in value, so that the breaker is safe 
and reliable in operation and is not subject to 
explosive destruction when operated under max 
imum short circuit current conditions; to pro 
vide a circuit breaker of the oil conserving type 
which embodies the features disclosed in my co 
pending application Serial No. 105,388 filed July 
18, 1949, now Patent No. 2,647973. date? August 
4, 1953: to provide a breaker which will operate 
Satisfactorily upon loads of all values, including 
the Special case of disconnecting an unloaded 
transmission line; to provide a circuit breaker 
Wherein negative pressures (as referred to at 
mospheric pressure) cannot be established in 
the gases and vapors formed by the arcs con 
sequent upon the interruption of the circuit, but 
Wherein Such gases are always maintained at 
above atmospheric pressure with consequent in 
Crease in dielectric strength and resistance to the 
reestablishment of the arcs after a break has 
once occurred; and, in general, to provide a cir 
cuit breaker of the oil conserving type which 
possesses the reliability and safety features ordi 
narily associated with the best of the tank type 
devices. - 

Tank types of circuit breakers which are ordi 
narily used for opening high-voltage, high-power 
circuits under load or fault conditions have their 
operating mechanism immersed in large tanks of 
oil, both for the purpose of electrically isolating 
the cirrent carrying parts of the mechanism and 
to supply a body of liquid wherein the pressure 
Wave, resulting from the Sudden evolution of a 
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large volume of vapor by the arc formed at the 
break, can expand and thus attenuate the pres 
Sure gradient before reaching the walls of the 
container. In the conventional circuit breakers 
of the prior art it has been customary to en 
deavor to extinguish the arc more quickly by 
injecting into it large quantities of oil, thus rais 
ing the arc resistance. If this injection occurs 
during the period of the alternating current cycle 
When maximum current is flowing in a high 
voltage system, energy is available to convert 
practically all of the oil thus injected into gas, 
substantially instantaneously and with explosive 
Violence. The gases and vapors thus produced 
Occupy an enormously greater Volume than the 
oil from which they were formed, and if egress 
of the gas bubble and the oil surroundnig it be 
restricted, as is practically necessarily the case 
in breakers of the minimum oil type, the result, 
may well be an explosion of the entire structure, 
with resultant danger not only from the effect 
of the blast itself bt it also of fires resulting from 
Scattering of oil ignited by the arc, 
In the copending application above referred 

5 to it has been shown that explosive effects from 
a heavy break can be avoided by keeping the 
resistance to the arc path as low as possible in 
Stead of raising it by the iniection of oil, lead 
ing the gases and vapors away from the arc path 
and condensing the vapors by passing iets of oil 
through them and thus preventing the forma 
tion of any material bubble, the arc then ex 
tinguishing itself at the first current zero by 
radiation and self-deionization. By applying 
this same principle to breakers of the minimum 
oil type, the dangers of explosion due to the con 
straint on the liquid are avoided the condensa 
tion of the vapor works equally well as with tank 
type of breakers, and both safety and economy 
of space and material can be safely accomplished. 

It is well known that circuit breakers which 
Operate satisfactorily under short circuit condi 
tions, where many thousands of amperes flow, 
may fail under the apparently minor dutv of 
disconnecting an unloaded transmission line. 
Such failures are caused by a number of co 
operating causes. First, it must be remembered 
that the unloaded line looks to the generator 
supplying it like a practically pure capacity and 
that the charging current to the line therefore 
leads the voltage by 90 electrical degrees, reach 
ing its maximum when the voltage is zero and 
passing through zero when the voltage is at its 
peak. Even though the current charging the 
line may be only a few amperes, an arc does form 
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with a consequent evolution of gas and vapor, 
even though the volumne formed may be rela 
tively Small. Although the resistance of such an 
arc may be relatively high in comparison to that 
formed On a short circuit, it will still be low in 
comparison to the impedance offered by the un 
loaded line, and in a high tension system there 
is ample potential to maintain the arc during 
the first half-cycle of the break. Because of the 
relatively small current, the arc is “thready' or 
of small diameter: the surface of the arc path 
is large in comparison. The arc radiates and 
deionizes rapidly anr. extinguishes at the first 
current zero and voltage peak, 
During the time of Inaximum current, however, 

gases are evolved and expand, in parting to the 
liquid motional energy in a direction away from 
the arc path, which, because of the inertia, of the 
liquid, tends to contine even, while the vapors 
formed are condensing. The result is that the 
former arc nath nay, under certain conditions, 
be occupied by gases or vapors under materially 
less than attinosinheric resSIra and hence of low 
dielectric strength. The extinguishment of the 
arc, however, occurred at, an instant of voltage 
maximum, leaving the line highly charged in one 
direction. At the monent. When the circuit broke 
the potential. On the generator side of the break 
was edia to that, on the line Sie half a cycle 
later, however, the generator ryotential has re 
versed while the line has remained charged and 
there therefore exists, across the break, a voltage 
Which is Substantially do be the maximum nor. 
nally existing across the line. If this voltage 
apnears across breaks in low pressure gas, the 
gaps will again break down and the resulting 
surge will carrv ahout double the current existing 
at the initia break. Again a break will occur at 
the first current zero, but it is possible for the 
same action to re?ur and Under conditions of ne 
chanical and electrical resonance, to build up 
high er and hi”her voltages and lead to Seious 
trouble. This invention is designed to check any 
stich action at the start, and onen the circuit, fin 
ally and completely, at the first current Zero after 
the breaker opens. 
The circuit breaker of the present invention 

cominrises a plurality of thilar casings, one with 
in the other, and cnnnected at at least one end to 
an oil reservoir. 
Stantially closed at both ends: Within it are a 
plurality of hireaker contacts, fixed contacts se 
cured within the casing itself and movable con 
tacts mounted on an onerating rod reciprocably 
mounted within the casing. A plurality of trans 
verse interrunter tubes are mounted within the 
casing, one adia cent each of the fixed contacts. 
Each of these tubes is closed at one end, the 
other end onening into the next outer casing. 
Both Sides of each interrupter tube are apertured 
near the closed end to permit, the passage of the 
moving contact through the tube in engaging the 
asSociated fixed contact, the parts being so dis 
posed that when the contacts open the gap be 
tween the fixed and moving contacts wherein the 
arc is formed when a break occurs lies almost 
wholly within the interrupter tube. All of the 
tubes except one, positioned at one end of the 
inner casing, are substantially identical. Each is 
provided with a large numbar of small apertures 
in its Walls between the openings through which 
the movable contact passes and the open end of 
the interrupter tube. Preferably, each of the in 
terrupter tubes is divided by a septum positioned 

The innermost Casing is Sub 
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4. 
in a plane transverse to the axis of the casing 
and longitudinal of the breaker tube. 
The interrupter tube at the end of the array 

differs from those just described in that both ends 
are normally closed, one end permanently and 
the other by a relief valve opening into the next 
Surrounding casing and arranged to open when 
and if the pressure within the interrupter tube 
eXceeds a predetermined, rather high limit. Rel 
atively large apertures open from this last tube 
into the inner casing. 
At the end of the casing opposite this last 

mentioned interrupter tube there is located a pis 
ton which is spring-biased toward the casing. 
This piston is slidably mounted on the operating 
rod, or an extension thereof, and is engaged by a 
collar Which further compresses the spring when 
the contacts are closed. When the contacts open 
as the operating rod moves away from the piston 
Under the impetus of an opening Spring, the pis 
ton is free to follow this motion more gradually 
under the inpetus of its own Spring, retarded, 
however, by the oil. The Spring pressure on the 
piston is computed so that when it is released it 
Will maintain, for a brief instance, a pressure of 
One or Several atmospheres upon the oil in the 
inner casing. 

All of the pairs of contacts (i. e., fixed and mov 
ing) are connected in series so that when the 
OOerating rod moves to open them, a plurality of 
series gaps is formed. An arc forms in each gap, 
exerting a pressure on the oil in the inner casing. 
In the end interrupter, both ends of which are 
closed, the Only eScape for oil or gases is into the 
casing itself. In the remainder of the interrupter 
tubes the gases have free egress into the next 
Outer casing. In thus escaping, however, they 
In Ulst pass through jets of oil entering the inter 
rupter tube through the Small lateral apertures, 
these apertures being the only material escape 
for the oil under the pressure developed in the 
end interrupter. The jets within the remaining 
tubes cool and condense the vapors formed by 
ºhe arc so that no material bubble is formed, 
the vapors being practically entirely condensed by 
the time that they reach the annular space be 
tWeen the two casings. 
In spite of this condensation there is still a 

body of gas and vapor within the structure that 
Occupies a greater volume than the original oil 
and therefore an escape passage is necessary, both 
to accommodate this additional volume and to 
cause the fiow through the jets which accom 
plishes the condensing action. The second casing 
opens into the oil reservoir at one or, preferably, 
both ends of the device through a plurality of re 
lief valves which are set to open at a pressure 
just slightly greater than that imposed upon the 
oil by the piston and also through a small bypass 
Vent. Where two reservoirs are used, they are 
preferably connected through an outermost cas 
ing Which may be of porcelain and which serves 
to tie the Whole structure together and protect 
the portions of the device which actively enter 
into the breaking action. 
When the device is operated under fault or 

heavy load, the pressure developed by the pres 
Sure-forming arc at the end of the array is suffi 
cient to actuate the condensing jets and also to 
hold back the piston and prevent its operation 
until the breaking operation is substantially com 
plete. Under excessive loads where the pressure 
develops very Suddenly and is very high, the relief 
valve in the bottom of the pressure-forming arc 
interrupter tube. may open and permit the excess 



2,675,446 
5 

volume of gas to escape, but in this case what 
escapes is only gas and not oil and is only a 
small part of the total gas and vapor involved, 
hence practically no oil is discharged without 
entering into the condensing process. 
When operated under light loads, as in the 

case of an unloaded transmission line, the pres 
sures developed by the arcs may be inadequate 
to form very powerful jets. In this case the 
piston exerts the necessary pressure upon the oil 
to maintain these jets briefly, but particularly 
it prevents negative pressures developing as a re 
sult of oscillation of any gas bubble and, as soon 
as ionization ceases and the gaS becomeS non 
conductive, it maintains the dielectric strength 
of the gas at a value slightly, if any, lower than 
that of the oil itself, thus preventing re-establish 
ment of the arcs under excess recovery voltages 
as was described above. 

All of the above will be more readily understood 
from the following description, taken in connec 
tion with the accompanying drawings wherein: 

Fig. 1 is a vertical Sectional view through a 
breaker embodying this invention; 

Fig. 1A is a larger Scale Sectional view of a 
portion of the structure shown at the left of 
Fig. 1; 

Fig. 2 is a transverse Section through the break 
er, the plane of section being indicated by the 
line 2-2 of Fig. 1; 

Fig. 3 is a horizontal sectional view through 
the innermost casing, the operating rod and inter 
rupter tubes being shown in elevation; 

Fig. 4 is a Sectional view of one of the inter 
rupter tubes, the plane of section passing through 
the axis of the tube perpendicular to the axis of 
the casing; 

Fig. 5 is an axial section of the interrupter 
tube shown in Fig. 4, taken in the direction at 
right angles to the plane of the preceding figure; 

Fig. 6 is a Section of the end interrupter tube, 
which encloses the pressure-forming arc; and 

Fig. 7 is an elevation of the interrupter tube 
shown in Fig. 6. 
Shown in the drawing is the mechanism, in 

accordance with this invention, for opening one 
phase of a polyphase line. In the usual installa 
tion three Such mechanisms will be used, driven 
in common from a single reciprocally mounted 
shaft operated by an actuating mechanism which, 
as it may be of any conventional type, is not 
shown. The mechanism aSSociated with each 
phase is adapted to be mounted upon vertical 
insulator stacks, one of which, designated as 
Stack A, is journalled for rotation about its own 
axis. Only the tops of the stacks are shown, as 
their complete illustration would unnecessarily 
occupy space better devoted to larger showings 
of Significant features of the invention. 
The breaker mechanism proper, with which 

this invention is particularly concerned, extends 
horizontally. At each end of the device, and Sup 
ported by one insulator stack, is an oil reservoir. 
In the present instance each of these reservoirs 
is of welded construction, built up from boiler 
plate. The general construction is believed to be 
obvious from the drawings and, except for signi 
ficant features, it will not be described in detail. 
The reservoir , shown at the left of Fig. 1, is the 
larger of the two. It contains the driving mech 
anism associated specifically with the breaker for 
the one phase illustrated. This mechanism com 
prises a linkage, crank-driven from the rotatable 
insulator stack A. This linkage connects through 
a ratchet sector and pawl, not illustrated in de 
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6 
tail, with a crank B. Clockwise rotation of this 
latter crank retracts a link C to close the breaker. 
The parts are so arranged that when the common 
driving mechanism is tripped, and the insulator 
stack. A starts to rotate, the pawl releases and 
crank B in turn trips free of the remainder of 
the mechanism, opening under the thrust of a 
self-contained spring, as will hereinafter be de 
scribed. This particular operating mechanism is 
not a feature of the invention claimed herein 
and the above brief description is believed to Sup 
ply sufficient background information to permit 
the invention which is claimed to be understood. 
The reservoir f is L-shaped, both legs of the 

L being circular in cross section. The horizontal 
leg of the terminates in a heavy annular clos 
ing plate 3. 
An insulating tubular casing 4, preferably of 

a material such as bakelized fiber or cloth having 
a very considerable mechanical as well as di 
electric strength, projects into the reservoir 
through this opening, this casing providing the 
principal mechanical support for the breaker it 
self. This casing is under tension, as will be 
described hereinafter. 
Mounted on the end of the casing, within the 

reservoir, is an inner chamber 5. The Wall 7 of 
this chamber, facing the plate 3, is an annulus of 
heavy material which fits closely around the in 
wardly projecting end of the casing 4 and is 
secured thereto by a locking ring 8 which fitS into 
a groove in the periphery of the casing and a 
rabbet in the wall 7. The latter bears against 
the ring 3. The tension on the casing 4 holds 
the whole firmly in position. 
The opposite wall 9 of the chamber is also an 

annulus, having a smaller inner diameter and 
a larger outer diameter than the wall T. Sur 
rounding the central aperture of the annulus 
within the chamber is a collar . The tubular 
wall 2, connecting the two end Walls of the 
chamber, is provided with small oil vents 3 at 
top and bottom to admit oil into the breaker 
itself and permit the escape of air or other gases 
or vapors. 
The reservoir i5, at the opposite end of the 

breaker, is very similar in construction to that 
just, described. The Wall T, facing reservoir f, is 
a heavy apertured plate similar to the plate 3, 
through which the other end of casing projects 
into the reservoir. The second reservoir also con 
tains an inner chamber 8, generally cylindrical 
in form, borne on the end of the casing and 
secured thereto by a locking ring in the Sale 
manner as chamber 5. The wall 9 of the chani 
ber 8, facing reservoir , is formed of a heavy 
plate, substantially identical to plate 3. The Op 
posite wall 2 f is centrally apertured and the aper 
ture is surrounded by a collar 23 of like dian 
eter to the collar already described, and is cov 
ered by a cylindirical cap 2. 

Reservoirs and are connected by and Sup 
port, three coaxial insulating tubular casings 
which contain the interrupter mechanism proper. 
In the device chosen for illustration, the Outer 
casing 29 is formed of electrical porcelain and is 
supported frictionally, being held in cocpression 
between the plates 3 and if through gaskets 3 í. 
The intermediate casing 4 of this series has 
already been described; it passes easily through 
the apertures in plates 3 and it, but Snugly 
through the apertures in plates 7 and 9. Casing 
4 is held in tension, and casing 29 in compres 
Sion, by means of a ring of compiression bolts 37 
threaded into plate 9 alround the end-of-casing 4. 
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The ends of these bolts are of reduced diameter 
and support and turn within bushings 4 which 
bear against heavy compression SpringS 43, these 
latter, in turn, bearing against plate . When 
the bolts 37 are tightened, the tension exerted On 
the casing 4 and, accordingly, the compression 
exerted on casing 29, may amount to several tons. 
The structure, as a whole, is therefore extremely 
rigid, the gaskets 3 are under heavy compression 
So there is no tendency for the oil to leak. 
The innermost casing 45, also, in this case, a 

Bakelite tube, is supported at either end by the 
collars and 23 respectively. At the driving end 
of the device the casing 45 has fitted into it a 
metal bushing 47, the outer end of Which is ex 
tended and bored to form a punp cylinder 9, 
which extends into the body of the reservoir i. 
Sliding within this cylinder is a piston compris 
ing a head 5 secured to an elongated Skirt, 53 ex 
tending Substantially the entire length of the 
cylinder. The piston head 5 is provided with a 
bearing bushing 55 Which slides upon a piston rog 
5. The piston rod is shown in its retracted posi 
tion; i. e., moved as fall as it Will go to the left of 
the figure. 
nism through link C, pivotally connected to the 
piston rod by a pin 6, the link projecting into 
the cylinder through apertures 63 in a piston 
head 65. A compression Spring S. Within the pis 
ton sirt bears between the piston head and the 
cylinder head, tending to force the piston out of 
the cylinder and into the cavity within the hush 
ing , and thus force oil out of the CaSing 5. 
The Spring is proportioned to exert a pressure of 
about two atmospheres on the oil in the casing. 
The piston rod 5 terminates in a yoke fitting 

69, to which it is rigidly secured. Between the 
fitting and the piston head is a collar adapted 
to engage the bushing 55 and force the piston into 
the position shown, compressing the Spring. 
When the piston moves toward the right, how 
ever, the collar may move ahead of the piston, 
leaving the latter to follow under the impetus of 
he spring. As Will become evident hereafter, the 
notion of the piston is damped by the oil within .4. 
the casing so that its notion Inay be relatively 
soW in Comparison. With that of the piston rod 
itself. 
The operating rod which carries the noving 

contacts of the breaker is, in this case, doble, 
cCnsisting of a pair of Wooden bai's .3 Which ex 
tend longitudinally through the inner:nost cas 
ing. One end of each of the bars is secured to the 
yoke fitting 69. The opposite ends of the bars 
3 are Secured to a yoke 5 mounted on the end of 

a sliding shaft T. Which extends through a bear 
Ing bushing '79 in the end of the cap 2. A fianged 
disc 3 is secured to the end of the Shaft I by a 
Sitable nut 83, Which also serves to clamp the 
end of a flexible connector 85 and Serves to make 
positive electrical contact between the shaft 
and the reservoir', as indicated at the reference 
character 8. 
The main operating Spring 88, Which opens the 

breaker when tripped, is of the compression type. 
It is shown in its maximum StreSS condition. It 
Surrounds the cap 2 and bears between the plate 
2l and tine flange on the disc 8, tending to move 
the operating rod to the right of the drawing. 

i.e. moving contacts of the breaker are carried 
33 the bars 3 comprising the Operating rod. 
Each of the moving contacts comprises an elon 
gated finger 89 mounted on a yoke spanning the 
two bars 3 of the operating rod. Considered 
from the right hand side of the drawing, the yoke 

It connects with the driving mecha 
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8 
carrying the first finger 89 is the yoke 75 to which 
the shaft T is attached. In the device illustrated, 
the contact fingers are of copper and about three 
and one-half inches long, each being Square in 
croSS Section. The fingers project from arcuate 
flanges 9 rising from the yokes which secure 
them to the bars 73. The yokes 93, following the 
first yoke 75, are substantially identical and 
equally Spaced along the Operating rod. Sing» 
cessive yokes are Secured alternately to opposite 
sides of the rods, bringing the successive contacts 
quite closely adjacent first to one side of the 
Casing 45 and then to the other. 

SetS of fixed contacts are mounted within the 
casing 45 So as to engage the ends of the moving 
contacts when the latter are in the closed posi 
tion. The first set of these contacts, counting 
this time from the left of the drawing, is in elec 
trical contact With the bushing 47 and thence 
through a flexible conductor 94, with the reser 
Voir and operating gear at this end of the breaker. 
A metal Support bar 95 is secured across the end 
Of the bushing 47. Copper contact points 97, four 
in number, to engage each side of the square con 
tact finger, are borne by contact springs 99 suit 
ably Secured to the bar 95. 
The remainder of the fixed contacts are sub 

stantially identical in form, the corresponding 
parts being indicated by the same reference 
characters as those of the contacts just described. 
They are secured, however, to insulating sup 
ports 0 fastened alternately to opposite sides 
of the casing 45 in position to engage the fingers 
of the moving contacts. Each fixed contact fol 
lowing the first described is connected by a flex 
ibile conductor 02 to the moving contact of the 
preceding pair, so that when the breaker is 
closed there is a continuous metallic connection 
through it, but when open the gaps between the 
contacts of each pair are all in series. 
An interrupter tube is positioned immediately 

adjacent each of the fixed contacts, extending 
transversely of the casing 45. Each of these 
interrupter tubes is apertured to permit the 
finger 89 of the corresponding moving contact 
to pass laterally through it, and the diameter 
of the tubes and their position is such that when 
the breaker opens the arc path between the fixed 
contact and its associated moving contact lies 
almost entirely within the breaker tube. All of 
the interrupter tubes O3 (being alli except the 
last on the right in Figs. 1 and 8) aire substan 
tially identical, their construction being sub 
stantially as shown in Figs. 4 and 5. One end, 
immediately adjacent the apertures 05 through 
Which the moving contact finger passes, is closed 
by a plug to secured to the walls of the casing 
by dowels and having in the center thereof an 
axial threaded hole 09. The walls of the in 
terrupter tube are notched immediately above 
the plug 0 to receive a locking bar which 
is held in place by a screw 3 threaded into the 
hole 09 in the plug, A shoulder 5 on the 
outer wall of the interrupter tube fits against 
the bottom of a counterbore in the inner wall 
of the casing 45, so that the interrupter tube is 
rigidly held in place within the casing, clamped 
between the bottom of the counterbore and the 
bar bearing against the outer wall of the 
casing, all as most clearly shown in Fig. 2. 

Slightly beyond the aperture 5, oil the oppo 
site side from the plug 107, a circular baffle iT 
extends across the tube, thus forming an arching 
chamber in the end of the tube. Slightly be 
yond the arching chamber, a septum 9 divides 
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the interrupter tube into two passages which 
open directly into the space 2 between casings 
45 and 3. The bafile and Septum are both held 
in place by dowels 23. The baffle is provided 
with two passages 25 (see Fig. 4) opening on 
either side of the septum for the paSSage of gas 
and vapor from the arcing chamber into the 
passages leading into the oil space 2 i. 
A pair of vertical holes i26 extend entirely 

through the interrupter tube on either Side of 
the baffle i, these holes communicating With 
grooves 2 formed in the Surfaces of the baffle. 
Beyond the baffle a multiplicity of inuch Sinaller 
holes 3 (about is' diameter) are formed in 
the sides of the interrupter tubes, these holes 
being counterbored from without so as to reduce 
the fliction offered to oil Which enters tinese 
holes and forms jets Within the paSSageS On each 
side of the baffle. 
The interrupter tube 33 on the right hand 

end of the breaker is illustrated in FigS. 6 and . 
It is similar in size and method of attachment 
to the casing 35 with those already described and 
the corresponding elements for Securing it to the 
casing 45 are identified by the same reference 
characters as those already considered. An arc 
ing chanber is formed in the end of the tube but 
the walls of the tube innediately above and 
below the bafile are not perforated, although the 
same type of baffle may be used. Beyond the 
baffe, hoyever, the construction is quite dif 
ferent; first, the tube opens into the interior of 
the casing 43 through a plurality of relatively 
large apertures 35. Second, no Septillin iS pro 
vided to divide the tube into two passages, and 
third, instead of opening freely into the Space 
i 2 4 betWeen ca.singS 33 and 45, the endi Oí the 
tube is normally closed and held closed by a 
relief valve generally designated by the reference 
character 3i. The relief Walve Structure corn 
prises a ring 39 (See Fig. 7) SurrOunding the 
ends of the interrupter tube and Secured thereto 

Extending from this ring be 
yond the end of the tube are a plurality of struts 
3 to which a disc 45 is Welded or otherwise 

secured, the whole forming a valve cage. A stud 
AE extends in Wardly into the breaker tube fron 

the center of the disc 43. The valve itself com 
prises an annular disc 149 With a cylindrical cap 
5 covering its central aperture. The stud 33 

projects into this cap and is Surrounded by a 
heavy compression spring 53 which, bearing 
against the disc 45 and the end of the cap 5, 
holds the disc tightly against the end of the 
breaker tube. The strength of the Spring is such 
that the valve will open at about two atmospheres 
pressure differential. 
From the foregoing it will be seen that the 

Only Substantial passages, by which any materia: 
amount of oil from the interior of casing 35 can 
be transferred into the Space 2 between this 
and the next outer casing 4, is through the in 
terrupter tubes. Normally none Will be so trans 
ferred through the end interrupter 33 uniess . 
the pressure rises to such a value that the relief 
valve 3 opens. As will be shown later, how 
ever, when this occurs what is discharged will 
be largely vapor and not oil. There are pro 
Wided, however, in the top and botton of the 
casing 45, a number of small holes 55 (say '' 
in diameter). 
gregates perhaps 1% of the total available passage 
for oil between the casing; they are provided in 
Order to prevent any possibie air or vapor lock 
in the initial filling of the device and to permit 
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10. 
the escape of any residuum of uncondensed gas 
after the breaker has operated. 
As will be seen from Flg. 1, the oil passage 2 

is open at either end into the champers 5 and 
8 respectively. Escape iron the inner to the 

outer compartment of the chambers is provided 
through a ring of relief valves in each of the 
dividing walls 3 and 25 respectIvey, these Walls 
being provided with relatively large openlings 
A 52, each of which is covered by a valve disc 
$5s slidably mounted on a Stem (if projectiling 
into the reservoir from a bar i 62 Spanin ng tille 
opening í5ti. A sprung í 63 þearS between the 
valve, and a disc A gé, carried on the end of each 
stem 6A, and holds the valve closed. The Springs 
are preferably so proportioned that the relief 
valves Wil open under a pressure oi about three 
atmosphereS. 
At each end of the breaker the small openings 

i3 connect the chambers 5 and 8 with the maln 
body of the receiver, bypassing the relief Walves. 
As Will be seen, the combined areas of these 
openings are very small in comparison with the 
aggregate areas of the relief valves With Which 
they are in parallel. At high rates of oil fioW, 
openings 3 Will offer a very material degree of 
frictlon So that the most of the moving oil Will 
prefer to paSS through the relief Valves. 

FaSSage of oil into the interSpace between 
Casings 4 and 29 is provided ior by ports if an 
plates 3 and i, just Within the periphery of the 
outer casing 29. At the driving end of the 
breaker these ports Connect With grooves 6t, 
formed in the plate , which form passages into 
the reservoir. The oil in the interSpace between 
casings 4 and 29 does not enter into the normal 
Operation of the breaker. It does add to the in 
sulation of the deVice, and the interspace per 
mits passage of oil betWeen the two reservoirs 
and equalization of oil level as between them. 
Operation of the breaker is accomplished by a 

longitudinal motion of the operating rod. The 
breaker is closed by traction on the piston 57; it 
is opened by Spring 88 when the closing mecha 
nism is tripped free. As the breaker contacts 
start to open under the impetus of the Spring, an 
arc is formed in each of the gaps between the 
fixed and moving contacts, the arc drawing out 
Within the arcing chamber between the plug and 
the baffle in each of the interrupter tubes. At 
least a portion of the oil in each of these cham 
bers is immediately vaporized, eXpanding and 
forcing oil out of the interrupter tubes into the 
interspace 2 and out of the latter through the 
chambers 5 and 8 into the reservoirs. Owing to 
the very Sudden development of the pressure and 
the relatively large aggregate of passages between 
the innermost and intermediate casings, the 
opening of the bypass ports 3 is entirely inade 
quate to relieve the pressure developed, which is 
accordingly established as approximately three 
???ospheres as it appears in the chambers 5 and 
The vapor in interrupter tube f33 has no direct, 

escape into interSpace 2 i, but must pass, instead, 
through openings 35 into the inner casing 45 
unless and until the pressure within the inter 
rupter rises to two atmospheres above that in the 
interSpace and causes relief valve 3 to open. 
The oil in casing 45 is therefore subjected to a 
differential pressure of two atmospheres above 
that in the interspace, which is itself under a 
pressure of three atmospheres above normal, so 
that the arcs are formed under a pressure of 
about 90 pounds absolute. At such pressures oil 
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vapor has nearly the dielectric strength of oil 
itself, and, therefore, when the arcs are once ex 
tinguished, it is practically impossible for them 
to restrike, even at potentials greatly in excess 
of normal line voltage. 
When the relief valve f3 does open, the only oil 

that is discharged into the interspace is that re 
maining unvaporized in the interrupter tube it 
Self. This oil and the vapors that are dis 
charged from the interrupter tube can pass cut 
through the ring of relief valves into reservoir 
5, and the body of oil in casing 45 is still avail 

able for condensing the vapor formed in the other 
tubes. 
As there is a two-atmosphere differential be 

tween the pressure in casing 45 and that in the 
interspace 2, the oil in the innermost casing is 
forced through the apertures 3 in the inter 
rupter tubes 103 as a large number of iets of 
relatively high velocity. In addition, oil is forced 
through the holes 25 on each side of the baffle 

and into the grooves 27, spreading over the 
Surface of the baffle and preventing its charring 
from immediate contact with the hot, vapors. 
The arcing chambers in each of these interrupter 
tubes open freely into the interspace 2, and 
the evolved vapors pass through the openings in 
the baffle and into the passages toward the inter 
Space. In so doing, however, these vapors must 
pass through the multiple jets of oil, which, act 
ing like the jets in a jet type of steam condenser, 
effectively cool and condense the vapors. Ex 
periments have shown that before they can reach 
the interspace 21 they have undergone practi 
cally complete condensation and have returned to 
the liquid phase. Continuation of the arcing 
within the chambers within the interrupter tubes 
therefore contributes little or nothing toward in 
creased pressure. Nevertheless, however, the 
highest pressure within the interrupter tubes is 
in the arcing chambers themselves immediately 
surrounding the arc, and Very little oil filters 
into the chambers through the apertures 05. 
What little does enter is around the arc path in 
stead of through it, so that it has a minimum ef 
fect toward cooling the arc and raising its re 
Sistance. 
The pressure developed by the pressure-form 

inf arc under a heavy short is sufficiently high 
So that it prevents the pump piston 5 from foll 
lowing the operating rod after the circuit starts 
to open, for although the initial stress on the 
pump spring Will apply two atmospheres pres 
sure to the oil, this pressure Will drop somewhat 
as soon as the piston has moved. After the arcs 
are extinguished, however, the piston will follow 
the Operating rod and maintain the pressure for 
a short period, perhaps is second, and the actual 
time required for this being determined by the 
pressure drop in the jets between the inner and 
intermediate casings and by the size of the by 
pass ports 3. This is a relatively long time in 
comparison with that required to break the cir 
cuits and extinguish the arcs. The latter oper 
ation requires approximately 3 cycles after the 
gaps start to Open: in a 60 cycle circuit it takes 
about 2 cycles from the time the fixed and now 
ing contacts start to separate to the time when 
opening is complete. The next half cycle will 
usually be suficient completely to break the cir 
cuit. Experience indicates that the particular 
breaker shown will open any load within its ca 
pacity in 5 to 5% cycles after the trip coil is first 
excited to its operating point. The inertia of 
the mechanical parts accounts for the remaining 
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time between the first application of a fault load 
and a complete break in the circuit. 
Where the breaker is used to open a purely 

capacitive load, as in the case of disconnecting 
an unloaded transmission line, the operation may 
be slightly different. As was pointed out above, 
the current to be broken may be very small and 
consequently the evolution of gas may be no more 
than Sufficient to empty the arcing chambers in 
the ends of the interrupter tubes of oil in the 
liquid phase. Consequently, after the first surge 
of pressure, no more vapor may be evolved in the 
preSSure forming arc. The pump at the driving 
end of the breaker, however, continues to apply 
a pressure of about two atmospheres to the oil. 
The pressure of approximately two atmospheres 
is therefore maintained in the arcing chambers, 
raising the dielectric strength of the vapor to 
nearly that of the oil itself and preventing the 
arc from re-establishing and building up excess 
voltage, as was explained above. Furthermore, 
owing to the constriction of the passages through 
which any interchange of oil between the inner 
most and outer casingS must take place, any hy 

5 draulic oscillation which may tend to occur is 
highly damped, and it is practically impossible 
to develop the negative pressures which are in 
directly the cause of the effect which has been 
described. 

he breaker which has been described in detail 
herein is designed to function on a 15 kilovolt 
circuit carrying up to 1/2 million kilovolt-am 
peres. Relative proportions of the parts shown 
are therefore those appropriate to phase voltages, 
to ground, in the neighborhood of 65,000 volts, 
and phase currents of 7,500 amperes. Generator 
reactance Will limit the current on a Solid fault 
to about three times full load value, or between 
20,000 and 25,000 amperes. 
The total volume of oil required for the breaker 

illustrated is between 130 and 150 gallons. That 
required for One commercial tank-type breaker 
of comparable capacity is 3,50 gallons. The Save 
ing in oil is therefore approximately in the ratio 
20 to 1 as compared to breakers of the tank type. 
Size and cost of structure are correspondingly 
reduced. 

Breakers of this Same general type can, of 
Course, be constructed in other sizes for other 
Specific applications. Design for Such purposes 
Will usually permit or require modification in 
detail, and, possibly, the omission of features 
desirable in a breaker of the capacity here con 
Sidered or the addition of features not here 
ShoWn. It is therefore desired that the protec 
tion accorded the invention shall not be limited 
to the specific device herein described, but only 
by Such limitations as may be expressed in the 
following claims. 
What is claimed is: 
1. A circuit breaker structure comprising a 

plurality of tubular insulating casings mounted 
One within the other and all adapted to hold an 
insulating liquid, an insulating operating rod re 
ciprocably mounted within the innermost of said 
casings, a plurality of elongated moving contact 
elements mounted on said rod, a like plurality of 
fixed contact elements mounted within the casing 
and engageable by said moving contact elements, 
a plurality of tubular interrupter elements 
mounted transversely of said inner casing adja 
cent said fixed contact elements and apertured 
in a direction parallel to the axes of said casings 
to permit the passage of said movable contact 
elements therethrough in engaging said fixed 
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elements and cause any arc formed when said 
contact elements are separated to occur within 
said interrupter elements, each of said interrupter 
elements being closed at one end and opening 
into an outer one of said casings at the other end, 
Said interrupter elements forming the only sub 
Stantial passage outward from said innermost 
casing and having a plurality of relatively small 
apertures in the sides thereof between said con 
tact-passing apertures and the open ends of Said 
interrupter elements, and means operative upon 
disengagement of said contact elements for estab 
lishing a pressure within said innermost casing 
tending to drive liquid therefrom through the 
apertures in said interrupter elements toward 
Said Outer casing. 

2. A circuit breaker in accordance with claim 1 
wherein said pressure establishing means com 
prises an additional fixed contact element and 
an additional movable contact element engage 
able therewith coincidentally with the engage 
ment of the aforementioned contact elements, a 
transverse tube apertured to pass said additional 
movable contact element, and closures at both 
ends of Said tube, said tube being laterally aper 
tured into said innerinost casing. 

3. A circuit breaker in accordance with claim 2 
Wherein the closure at One end of Said transverse 
tube includes a relief valve opening into an outer 
CaSing. 

4. A circuit breaker in accordance with claim 1 
wherein three casings are employed, said inter 
rupter eleinents opening into one of Said outer 
caSingS, a passage connecting Said one outer caS 
ing with the Second of Said outer casings, and 
relief valve means interposed in said passage anà 
adapted to Open. When the pressure in Said one 
outer casing exceeds that in the second of Said 
outer casings by not more than a few atmos 
pheres, said second outer casing being open to 
atmospheric pressure. 

5. A circuit breaker in accordance With claim 4 
including additional means operative upon dis 
engagement of said contact elements for estab 
lishing in Said innermost casing a pressure less 
than that required to operate Said relief valve 
eaS. 
6. A circuit breaker in accordance with claim 

5 including a bleeder passage connecting said 
Outer Casings and SO restricted as to maintain 
the pressure established by said additional means 
for a period of the Order of Seconds. 

7. A circuit breaker in accordance with claim 
5 wherein said additional pressure establishing 
means comprises a pump cylinder opening into 
Said innermost casing, a piston within said cylin 
der, a Spring adapted to urge said piston toward 
the opening into Said casing, and means con 
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nected to said Operating rod and unconnected to 
said piston to thrust said piston away from Said 
opening upon engagement of Said contact elle 
ments, so that said piston actuated by Said 
spring alone empties said cylinder into said in 
nermost casing upon operation of Said rod to 
disengage Said contact elements. 

8. A circuit breaker in accordance with clain 
5 wherein said additional pressure establishing 
means comprises a pump cylinder substantially 
coaxial with and opening into said innermost 
Casing, an extension of Said operating rod paSS 
ing longitudinally through said cylinder, a piston 
slidably mounted on Said extension within said 
cylinder, a Spring adapted to urge Said piston 
toward said Casing, and a collar On Said exten 
Sion and positioned to bear against Said piston 
and StreSS Said Spring When Said contact elle 
ments are engaged and release said piston upon 
Operation of Said rod to disengage said contacts. 

9. A circuit breaker structure comprising a 
first casing adapted to hold a dielectric liquid, 
a fixed contact within said casing, a movable 
COntact Within Said casing engageable With said 
fixed contact and Separable therefrom to form 
an arc path therebetween, a reservoir for dielec 
tric liquid, a second casing having an opening 
into Said reservoir and adapted to be filled with 
Said liquid, an arcing chamber substantially sur 
rounding Said arc path and opening into said 
Second Casing, means operative upon separation 
of Said contacts for establishing pressure on 
liquid in Said first casing, and a relief valve sub 
Stantially closing said opening between said sec 
Ond casing and said reservoir for retaining pres 
Sure in said second casing up to a limited value. 

10. A circuit breaker in accordance With claim 
9 including means for limiting the pressure dif 
ferential between said first and second casings. 

11. A circuit breaker in accordance with claim 
9 wherein Said pressure establishing means com 
prises an additional pair of fixed and moving 
contacts operative coordinately with said pre 
viously identified contacts to form an additional 
arc path, an arcing chamber within said first 
casing Substantially Surrounding said additional 
arc path and opening into said first casing, and 
a relief valve connecting said last mentioned 
arcing chamber and said second casing for limit 
ing the pressure differential between said casings. 
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