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1. 
This invention relates, in general, to electric 

circuit interrupters and has particular relation 
to circuit interrupters wherein current flow in 
the form of an arc is cut off by a gas or arc extin 
guishing medium generated by the heat of the 
arC. 
While the particular devices which I shall de 

scribe hereinafter in connection with the draw 
ings are lightning arresters that may be charac 
terized as improvements over the lightning ar 
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rester which I disclosed and claim in my prior 
U. S. Patent No. 2,291,175, issued July 28, 1942, 
it is to be understood that the present invention 
may be embodied in expulsion tubes, circuit 
breakers, and a wide variety of apparatus. 
One of the main objects of the present inven 

tion is to extend the operation of the device to 
higher interrupting capacities and to increase 
the life of the device at lower interrupting ca 
pacities. ? 

Another object of the invention is to provide 
a substantially complete insulating enclosure for 
the device. 
Another object of the invention is to provide 

for removing operating voltage from the insulat 
ing plug of the device without external horn gaps 

2 
from the pressure-confining path into the expan 
slon chamber. 

It is also an object of the present invention to 
provide a device which may be relatively short 
and of simple and inexpensive construction. 

In Order to acquaint those skilled in the art 
with the manner of constructing and Operating 
several embodiments of the invention, I shall 
describe in connection with the accompanying 
drawings certain preferred embodiments of the 
invention. 

In the drawings: 
Figure i is a longitudinal sectional view of a 

lightning arrester embodying the present inven 
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or other external gaps which are objectionable 
at lower voltages because in such cases the lines 
are usually worked with the current on, which 
is dangerous. 
One of the novel principles involved is to con 

fine the arc in a pressure-confining path along 
a part of its length and allow the arc and the gas 
or arc extinguishing medium evolved by the heat 
of the arc to enter directly and abruptly into one 
Or more expansion chambers for sudden and sub 
stantial release of the pressure generated in the 
pressure-confining path. The space within the 
one or more expansion chambers is preferably 
in open communication with the pressure-con 
fining path from the inner surface of the housing 
to the electrode and its extending conductor, and 
the one or more expansion chambers are prefer 
ably substantially unrestricted and preferably 
have Substantially unrestricted communication 
with atmosphere. 

I also provide for exposure of the electrode 
and its extending conductor to the arc through 
out Substantially the extent of the expansion 
chamber. 

I further contemplate, within the scope of the 
present invention, the provision of means for 
splitting the arc and dividing the stream or blast 
of gas approximately as the arc and gas pass 
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tion, taken on the line - of Figure 2 and with 
the end cap at one end in elevation; 

Figure 2 is a view in end elevation of the device 
shown in Figure 1; 

Figure 3 is a detail sectional view taken along 
the line 3-3 of Figure 1; 

Figure 4 is a longitudinal sectional view of a 
modified form of device embodying the invention; 

Figure 5 is a longitudinal section through an 
other modification; 

Figure 6 is a longitudinal section through a 
further modification; . 

Figure 7 is a detail section taken along the line 
7-7 of Figure 6; and 
Figure 8 is a detail section taken along the line 

8-8 of Figure 6. 
Referring first to Figures 1, 2, and 3 of the 

drawings, the reference character to designates, 
generally, a lightning arrester construction com 
prising an outer weather-proof housing f and 
the lightning arrester assembly 2 which is pref 
erably of unitary construction and can be assem 
bled as such for insertion in the housing f. The 
outer housing may be made of frangible insul 
lating material such as glass or porcelain or other 
suitable insulating material. 
The lightning arrester assembly 12 comprises 

a tubular housing 3 having internally and inter 
mediate the ends thereof a generally cylindrical 
imperforate plug 4. The housing f3 and plug 4 
are formed of fiber or other similar material so 
as to be capable of evolving an arc extinguishing 
medium, such as water vapor, due to the heat of 
an arc. The plug 4 preferably has a contact or 
relatively close fit with the inner surface of the 
insulating housing 3 so that the juxtaposed Sur 
faces, as indicated at 5, are close together. It is 
along these surfaces that the arc is formed on 
operation of the device. Because of the extremely 
limited space at 5, relatively great pressures are 
generated along this pressure-confining path for 





ends of the pressure-confining path is and 
the arce formed therein, that a sort of "horn 
gap' effect may be secured. In other words, it 
may be that the arc is gradually elongated be 
tween the electrodes and their extending stems 
and extinguished by this gradual elongation, in 
conjunction with the arc extinguishing medium 
which is evolved, and the more forceful blast and 
very substantial pressure release and cooling ef 
fect obtained in the expansion chambers 23. It 
appears likely that it is more difficult to extin 
guish an arc which must continue, for example, 
between only the electrodes 7 and the inner ends 
of the stems 8, or strike the relatively great dis 
tance to the end plugs 9 without being free to 
be elongated outwardly along the electrode stems. 
The foregoing theories appear to be the most 

likely theories in so far as I am able to state the 
Same. I am not certain, however, that these 
theories are correct, and therefore I do not in 
tend to limit myself to the theories set forth, or 
to any theory, and I reserve the right to change 
or amplify, as and when necessary, the theory and 
reasons for the improved results which I obtain. 

In the modified form of device shown in Fig 
lure 4, the metallic electrodes 7 and their extend 
ing metallic sterns 8, as shown in Figure 1, are 
replaced by tubular carbon or other suitable re 
sistors 45 having abutting contact at their inner 
ends with ring-shaped metallic arcing contacts 
6. The arcing contacts 46 may, if desired, be 

centered in recesses in the opposite ends of the 
plug 4'. Insulating sleeves 47 extend through 
the arcing contacts, 46 and tubular resistors 45, 
and out through the metallic retainer or end 
plugs 9. 
The conductor 34, for connection to the line, 

extends in through one of the insulating sleeves 
47 and is connected at its inner end in circuit 
with the metallic arcing contact 46 at one end of 
the plug 4'. The conductor 33, for connection 
to ground at 32', extends in through the other 
insulating sleeve 4 and is connected at its inner 
end to the other metallic arcing contact 46. The 
insulating tube 3' and pressure-confining path 
f5' correspond with the tube 3 and pressure 
confining path 5 of the embodiment of the in 
vention shown in Figure 1. The expansion 
chambers 23 correspond with the expansion 
chambers 23 of the preceding embodiment of the 
invention and the expansion chambers 23' are in 
open communication from the interior of the 
housing 3' to the metallic arcing contacts 48 
and resistors 45, and the metallic arcing contacts 
46 and resistors 45 are exposed throughout the 
extent of the expansion chambers 23° to the op 
posite ends of the pressure-confining path í5" 
and the arc formed therein. 
The operation of this embodiment of the in 

vention is substantially the same as the opera 
tion of the previous embodiment of the invention 
except that as the arc is elongated or moves, for 
example, from a to b to c to d, etc., the resistance 
of the resistors 45 will be added to the circuit. 
The current, therefore, is reduced greatly, with 
the result that the arc will be much easier to ex 
tinguish. 
The embodiment of the invention shown in 

Figure 5 is the same as the embodiment shown 
in Figure 4 except that the lead 34' to the line 
and the lead 33' to ground are led or extend in 
through fiber or other insulating tubes 50 on the 
outside of the resistance units rather than 
through the centers of the resistors. The insu 
lating tubes 50 extend out through the retainer 
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or end plugs 19'. It is understood that in either 
case these leads must be insulated from the re 
sistance or covered with an insulated housing in 
order that the impulse voltage may be carried 
directly to the arcing contacts which are desig 
nated 46 in Figure 5. The other parts of Figure 

corresponding with parts shown in Figure 
4 are designated by double primed reference char 
acters to correspond with the reference charac 
ters used in Figure 4. It is obvious that the im 
pulse surge current itself does not go through the 
resistors, but when the arc is blown laterally out 
of the tube or toward the ends of the tube it must 
follow the resistance rather than the leads to the 
line and to ground. 
In the embodiment of the invention shown in 

Figures 6, 7, and 8, the arching contact sleeves 60 
have contact fit over the inner ends of their 
extending stems or conductors 6 f. The arcing 
contacts 60 also fit over short studs 62 on oppo 
site ends of the insulating plug 4''. This form 
of device has intermediate insulating sleeves 63 
Surrounding the arcing contacts 60 and their ex 
tending stems 6 and disposed between the arc 
ing contacts and their extending stems and the 
inner Surface of the insulating tube 3’’’. Discs 
64, having vent openings 65 therethrough, seat 
against the outer ends of the arcing contact 
sleeves 60 and against shoulders 66 in the insu 
lating sleeves 63. The outer ends of the insulat 
ing sleeves 63 seat against spider members 67 
having integral tubular center portions through 
which the electrode stems 6 extend. The Spider 
members 67 are also preferably provided with 
vent openings 68 providing free and unrestricted 
Venting of the expansion chambers 23' to at 
mOSphere. 
The parts are clamped and retained in the posi 

tion shown in Figure 6 by the retainer or end 
plugs 70 which are screwed into the outer ends 
of the insulating tube 3'. The inner ends of the 
inner insulating sleeves 63 are preferably tapered 
to relatively sharp edges 12 at the outer ?? 
ripheries of their inner ends. 
In this embodiment of the invention the ex 

pansion chambers 23' are again in substan 
tially Open communication from the inner sur 
face of the housing 3' to the arcing contacts so 
and their extending stems 6, and the pressure 
conflning path 15’, between the juxtaposed sur 
faces of the housing 3' and plug 4'', opens 
directly into the expansion chambers 23' for 
Sudden and Substantial release of the pressure 
generated in the pressure confining path. The 
arcing contacts and their extending stems are 
also exposed, throughout the length of the ex 
pansion chambers, to the ends of the pressure 
confining path 5' and the arc formed therein. 
In this case the intermediate sleeves 63 split the 
arc and the flow of arc extinguishing medium 
into inner paths, indicated at 74, between the 
interiors of the sleeves 63 and the arcing con 
tacts, and their extending stems and outer paths 
75, between the outer surfaces of the sleeves 63 
and the inner surfaces of the tube 3’. 

In Figure 6 the plug 4''' is shown as having 
Spaced circumferentially about its periphery and 
extending longitudinally of the plug a plurality of 
relatively close parallel lines 80. These lines 80 
represent conducting lines or threads, such as 
pencil lines or streaks of graphite or other con 
ducting material of relatively great tenuity. 
These conducting lines or streaks 80 form mull 
tiple conducting paths for the arc along the 
pressure-confining space 5'. They may be 
made in scratches or grooves in the surface of 



2,454,849 
7 

the plug, or directly on the surface of the plug or 
along the adjacent inner surface of the tube 

' ' '. 
The pencil lines or streaks 80 of graphite or 

other suitable material provide multiple paths 
for the arc along the pressure-confining path 
5'', for the purpose of assuring distribution of 

the charges. This tends to prevent localized 
disintegration of the plug and tube. Upon the 
occurrence of an arc the line 80 along which it 
passes is blown clean, So that the next or suc 
ceeding arc will follow another line or conducting 
path 80. This assures distribution of successive 
arcs about the periphery of the plug 4'. This 
feature may, of course, be embodied in any of 
the other devices shown and described. 
I do not intend to be limited to the specific 

embodiments of the invention herein disclosed, 
as the improvements which are disclosed are ap 
plicable to other forms of apparatus which II 
intend to cover with the appended claims. 

I claim: 
1. In a device of the class described, in com 

bination, a tubular housing of insulating ma 
terial, a plug of insulating material fitting closely 
within said tubular housing and forming a pe 
ripheral pressure-confining arc path between the 
juxtaposed peripheral surfaces of said housing 
and said plug, at least one of Said juxtaposed 
surfaces being capable of evolving an arc ex 
tinguishing medium when subjected to the heat 
of an arc, said tubular housing providing a rela 
tively large space into which the arc extinguish 
ing medium and the arc can expand from be 
tween said surfaces and having a discharge 
opening at the end away from Said plug, 
and electrodes at opposite ends of Said plug 
between which an arc may be struck along 
said peripheral pressure-confining arc path, at 
least one of said electrodes extending in an axial 
direction from the end of said plug and through 
said spaces, said extending electrode being bared 
and its outer surface openly exposed throughout a 
substantial portion of its length to the adjacent 
peripheral end of said pressure-confining arc path 
whereby a fixed and axially extending conducting 
path is provided along which one end of an arc 
striking along said pressure-confining arc patin 
anywhere about the periphery thereof is adapted, 
while remaining in contact with the outer Sur 
faces of said electrode, to be forced axially of the 
extending electrode between its outer Surface and 
the inner surface of said housing by the expansion 
of said arc extinguishing medium in Said Space 
due to the heat of the arc, said extending 
electrode being bared and its outer Surface 
openly exposed to the peripheral end of Said 
pressure-confining arc path for a length to 
permit extension of the arc and accompanying 
increase in the resistance of the arc path suffi. 
cient to render any arc to which the interrupter 
is likely to be subjected non-Self-sustaining. 

2. In a device of the class described, in con 
bination, a tubular housing of insulating ma 
terial, a plug of insulating material fitting closely 
within said tubular housing and forming a pe 
ripheral pressure-confining arc path between the 
juxtaposed peripheral Surfaces of Said housing 
and said plug, at least one of Said juxtaposed 
surfaces being capable of evolving an arc extin 
guishing medium. When subjected to the heat of 
an arc, Said plug being spaced axially from at 
least one end of said housing to provide an 
elongated expansion chamber of relatively great 
volume beyond the adjacent end of the plug, with 
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the Outer end of said chamber in open communi 
Cation with atmosphere and with the adjacent 
peripheral end of the pressure confining arc path 
opening abruptly into said expansion chamber 
for relatively great and Sudden release of the 
pressure generated in Said pressure-confining arc 
path, and electrodes at opposite ends of said 
plug between which an arc may be struck along 
said peripheral pressure-confining arc path, at 
least one of said electrodes extending in an axial 
direction from the end of said plug and through 
a Substantial part of the length of the end of Said 
housing from which said plug is spaced, said ex 
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tending electrode being bared and its Outer sur 
face openly exposed throughout a substantial 
portion of its length to the adjacent peripheral 
end of said pressure-confining arc path whereby 
a fixed and axially extending conducting path is 
provided along which One end of an arc striking 
along said pressure-confining arc path anywhere 
about the periphery thereof is adapted, while re 
maining in contact with the outer surface of said 
electrode, to be forced axially of the extending 
electrode between its outer Surface and the inner 
surface of said housing by the expansion of said 
arc extinguishing medium in Said expansion 
chamber due to the heat of the arc, Said extend 
ing electrode being bared and its outer Surface 
openly exposed to the peripheral end of Said 
pressure-confining arc path for. a length to per 
mit extension of the arc and accompanying in 
crease in the resistance of the arc path sufficient 
to render any arc to which the interrupter is 
likely to be subjected non-self-sustaining. 

3. In a device of the class described, in com 
bination, a tubular housing of insulating ma 
terial, a plug of insulating material fitting closely 
Within Said tubular housing and forming a pe 
ripheral pressure-confining arc path between the 
juxtaposed peripheral Surfaces of said housing 
and said plug, at least one of said juxtaposed Sur 
faces being capable of evolving an arc extinguish 
ing medium when Subjected to the heat of an 
arc, Said tubular housing providing a relatively 
large space into which the arc extinguishing 
medium and the arc can expand from between 
said surfaces and having a discharge opening at 
the end away from Said plug, and electrodes at 
opposite ends of said plug and abutting said plug 
between which an arc may be struck along said 
peripheral pressure-confining arc path, at least 
One of Said electrodes extending in an axial direc 
tion from the end of Said plug and through said 
Space, said extending electrode being bared and 
its outer Surface openly exposed throughout a 
Substantial portion of its length to the adjacent 
peripheral end of said pressure-confining arc 
path whereby a fixed and axially extending con 
ducting path is provided along which one end of 
an arc striking along said pressure-confining arc 
path anywhere about the periphery thereof is 
adapted, while remaining in contact with the 
outer Surface of Said electrode, to be forced ax 
ially of the extending electrode between its outer 
Surface and the inner surface of Said housing by 
the expansion of Said arc extinguishing medium 
in said space due to the heat of the arc, Said ex 
tending electrode being bared and its outer sur 
face openly exposed to the peripheral end of said 
pressure-confining arc path for a length to per 
mit extension of the arc and accompanying in 
crease in the resistance of the arc path sufficient 
to render any arc to which the interrupter is 
likely to be subjected non-Self-sustaining. 

4. In a device of the class described, in com 
bination, a tubular housing of insulating mate 
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rial, a plug of insulating material fitting closely 
within said tubular housing and forming a periph 
eral pressure-confining arc path between the 
juxtaposed peripheral Surfaces of said housing 
and said plug, at least one of said juxtaposed Sur 
faces being capable of evolving an arc extinguish 
ing medium when subjected to the heat of an 
arc, said tubular housing providing a relatively 
large space into which the arc extinguishing 
medium and the arc can expand from between 
said Surfaces and having a discharge Opening at 
the end away from said plug, and electrodes at 
opposite ends of said plug between which an arc 
may be struck along said peripheral pressure 
confining arc path, said electrodes including an 
electrode spaced from the end of the plug for 
removing operating voltage from the plug, at 
least One of said electrodes extending in an 
axial direction from the end of Said plug and 
through said space, said extending electrode being 
bared and its outer surface openly exposed 
throughout a Substantial portion of its length to 
the adjacent peripheral end of said pressure-con 
fining arc path whereby a fixed and axially ex 
tending conducting path is provided along which 
one end of an arc striking along said pressure 
confining arc path anywhere about the periphery 
theredf is adapted, while remaining in contact 
with the outer surface of said electrode, to be 
forced axially of the extending electrode between 
its outer surface and the inner Surface of Said 
housing by the expansion of said arc extinguishing 
medium in said space due to the heat of the arc, 
said extending electrode being bared and its outer 
surface openly exposed to the peripheral end of 
said pressure-confining arc path for a length to 
permit extension of the arc and accompanying in 
crease in the resistance of the arc patih SUfficient 
to render any arc to which the interrupter is 
likely to be subjected non-self-sustaining. 

5. In a device of the class described, in Com 
bination, a tubular housing of insulating material, 
an imperforate plug of insulating material fitting 
closely within said tubular housing and Spaced 
from opposite ends thereof to provide expansion 
chambers within Said tubular housing at the Op 
posite ends of Said plug, wherein relatively great 
gas expansion can take place in unobstructed 
space at least one of the juxtaposed Surfaces of 
said housing and said plug being capable of 
evolving an arc extinguishing gas when subjected 
to the heat of an arc, electrodes at the Opposite 
ends of said plug between which an arc may be 
struck along a pressure confining path between 
the juxtaposed surfaces of Said housing and plug, 
said electrodes extending through the respective 
expansion chambers in an axial direction from 
the ends of the plug and out of the ends of said 
tubular housing and bared and their outer Sur 
faces exposed to the peripheral ends of Said pres 
sure-confining path throughout substantially the 
entire engths of said expansion chambers 
whereby the terminals of the arc are blown along 
said electrodes by the expansion of gas in said 
chambers and the arc is extended and extin 
guished. 

6. In a circuit interrupter, in combination a 
tubular housing of insulating material, a plug of 
insulating material within said housing and 
closely fritting the same, at least one of the juxta 
posed surfaces of said housing and said plug bes 
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ing capable of evolving an arc extinguishing me 
dium when subjected to the heat of an arc, there 
being a relatively large expansion Space Within 
said housing at at least one end of Said plug into 
which Said medium can eXpand, and electrodes 
at opposite ends of said plug between which an 
arc may be struck over Said juxtaposed Surfaces, 
at least one of Said electrodes extending in an 
axial direction from Said plug and its Outer Sur 
face being bared for a substantial portion of its 
length whereby a fixed conducting path is pro 
vided between the inner Surface of Said housing 
and the outer surface of said one electrode along 
which one end of the arc remains in contact 
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while the arc is being extended axially of Said 
housing in said expansion Space by the blast 
resulting from the arc extinguishing medium 
evolved due to the heat of the arc, the Outer 
Surface of said one electrode being bared for a, 
length to permit extension of the arc and ac 
companying increase in the resistance of the arc 
path sufficient to render any arc to which the 
interrupter is likely to be subjected non-Self 
sustaiming. 

7. In a circuit interrupter, in combination a, 
tubular housing of insulating material, a plug of 
insulating material within said housing and 
closely fitting the same, at least one of the juxta 
posed surfaces of said housing and Said plug 
being capable of evolving an arc extinguishing 
medium when subjected to the heat of an arc, 
there being a relatively large expansion Space 
within said housing at at least one end of Said 
plug into which said medium can expand, and 
electrodes at opposite ends of and abutting said 
plug between which an arc may be struck over 
said juxtaposed surfaces, at least one of Said 
electrodes extending in an axial direction from 
said plug and its outer surface being bared for 
a substantial portion of its length whereby a fixed 
conducting path is provided between the inner 
surface of said housing and the outer surface of 
said one electrode along which one end of the 
arc remains in contact while the arc is being ex 
tended axially of said housing in said expansion 
space by the blast resulting from the arc ex 
tinguishing medium evolved due to the heat of 
the arc, the outer surface of said one electrode 
being bared for a length to permit extension of 
the arc and accompanying increase in the re 
sistance of the arc path sufficient to render any 
arc to which the interrupter is likely to be Sub 
jected non-self-sustaining. 

CHARLES L. STROUP. 

REFERENCES CTED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
509,784 Wurts ------------ Nov. 28, 1893 

1,512,997 Morris ------------- Oct. 28, 1924 
2,002,042 Pittman ----------- May 21, 1935 
2,164,720 Pittman ------------ July 4, 1939 
2,247,352 Ackermann. --------- July 1, 1941 
2,289,389 Stroup ------------- July 14, 1942 
2,291.175 8????9 ------------ July 28, 1942 
2,300,846 Roloson ------------ Nov. 3, 1942 
2,357,887 Goldner ------------ Sept. 12, 1944 


