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REPULSION LIGHTNING ARRESTER. 
Ralph R. Pittman, Pine Bluff, Ark. 

Application January 10, 1938, Serial No. 184,269 
11 Claims. 

This invention relates to lightning arresters 
generally, and particularly to lightning arresters 
for the purpose of limiting the rise in voltage 
of a connected conductor by means of arcing gaps 
adapted to break down at a predetermined volt 
age, together with means for quickly extinguish 
ing an arc which may attend break down of the 
gaOS. 
The present invention relates to improvements 

in the lightning arrester illustrated in my co 
pending application Serial No. 138,895, filed April 
26, 1937, and has for one of its objects the en 
bodiment of means for electromagnetically mov 
ing the arc from its initial path whereby to 
lengthen it and thus facilitate its extinguish 
ment. 
A further object is the provision of a device 

in which the electrodes of the arcing gaps are 
so related to each other and to the other ele 
ments of the device as to reduce the time lag of 
break down, to thereby provide a higher degree 
of protection to connected apparatus from Over 
voltages, and, at the same time, in a device hav 
ing at least two arcing gaps in series circuit re 
lation, to impress substantially all of the avail 
able voltage upon only one of the gaps, whereby 
to cause flashover of the serial arrangement at 
a lower voltage than would otherwise be re 
quired. 
Another object is to provide, in an arc ex 

tinguishing device embodying Spaced electrodes 
providing a restricted arc path, between juxta 
posed elements of insulating material, means for 
venting the electrodes to reduce the internal lo 
calized pressure due to an arc, and a further ob 
ject is the provision of a chamber into which 
the gas resulting from the arc may be discharged. 
These and other objects will be apparent from 

the following description taken in connection 
with the accompanying drawings and claims 
forming a part of this application, in which 

Fig. 1 is a side elevational view of the device, 
shown in Section. , 

Fig. 2 is a section view on the line II-II of 
Fig. 1. 

Fig. 3 is a view of the assembly. 
Figs. 4 and 5 are characteristic performance 

curves of the device. . ? 
Referring first to FigS. 1, 2, and 3, a hollow tube 

of insulating material 9, preferably of hard 
fiber, is provided at its upper end with the cup 
shaped metal closure 8, the latter being secured 
to the tube by means of external threads in co 
operation with internal threads on the tube. In 
a similar manner, the flanged metal electrode 

(CIl. 175—30) 
3 is secured at the lower end of the tube, and 
provided With the vent opening 32 in communi 
cation with the interior of the hollow tube 9. 
The tube 9 contains the cylindrical element 

of insulating material 20, which may also be of 
hard fiber, and which has a diameter less than 
that of the hollow of the tube. The biasing 
ScreWS 23 and 24 pass horizontally through 
threaded openings in the walls of the closure 
8 and the electrode 3 respectively to engage 
the respective ends of the element 2G and sup 
port the latter in lateral abutting engagement 
With the inner Vertical Surface of the Wall of 
the tube 9. A pair of metal reinforcing rings 
22 and 37 encircle the respective ends of the elle 
ment 20, and the metal line terminal electrode 
25 extends downwardly along the line of abut 
ment of the element 20 with the tube 9 from 
the upper ring 22 toward but in Spaced insu 
lated relation to the electrode 3 f, to provide 
an arcing gap therebetween along the line of 
abutment. A resilient contact 2 assures elec 
trical contact of the closure 8 with the elec 
trode 25. 
The upper end of the cylindrical element 20 

is Spaced from the lower end of the closure 18 
to provide an internal chamber 34 at the upper 
end of the tube 9, and a vertically extending 
groove 33, shown in Fig. 2, in the electrode 25 
provides a passageWay between the lower end 
of the latter and the chamber, for the purpose 
of preventing excessive pressure adjacent the 
lower end of the electrode. 
A hollow tubular insulator 0 of porcelain or 

other ceramic insulating material is arranged 
to contain the tube 9, the latter being main 
tained in Spaced relation with the former by 
means of the encircling bands of resilient insu 
lating material 26, 27, and 28, which cushion 
the impact due to operation of the device and 
thus prevent breakage of the housing 0. For 
this same purpose, the resilient washer 30 is in 
terposed between the flange of the metal elec 
trode 3 and the lower end of the tubular insu 
lator 0. 
A cap screw 6 extends downwardly through 

a central aperture in the top of the tubular 
insulator 10, and threadedly engages the top of 
the closure 8, thereby supporting the assembly 
comprising the tube 9 and the element 20 with 
in the insulator 0, and at the same time elec 
trically connecting the closure 8 to the line 
conductor 2 through the terminal 5. The lat 
ter has a portion thereof clamped between the 
head of the screw 6 and the top of the insul 
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2 
lator í 0, and is bent upwardly therefrom over 
the head of the screw 6, the conductor 2 be 
ing clamped between the upWardly eXtending 
portions by means of bolt 3, and the nut 4. 
A cup-shaped terminal shield I, of porcelan or 
other suitable insulating material, and having 
an opening at its upper end through which the 
conductor 2 passes, is preferably provided to 
prevent accidental contact With the terminal ele 
ments. To complete the cushioning of the in 
ternal assembly, the washer of resilient material 
7 is interposed between the top of the closure 
8 and the bottom surface of the top of the tu 

bula,r insulator i 0. 
The metal band 35 embraces the tubular insu 

lator O at a position intermediate its ends, and 
above the lower end of the terminal electrode 25. 
Portions of the band 35 extend first OutWardly 
from the insulator i0 in parallel relation to One 
another, and the outer ends are bent away from 
each other, to provide means for attaching the 
band 35 to a supporting structure 40, by the 
bolts 38 and 39. A ground terminal bolt 4f ex 
tends through the parallel outwardly extending 
portions of the band 35, and a ground conductor 
36 is electrically connected thereWith to main 
tain the band 35 at ground potential. The band 
35 also has a continuous portion thereof extend 
ed first outwardly and then in Wardly along a 
diameter extending between the parallel mount 
ing portions, and a portion of the intermediate 
electrode 3 extends upwardly along the outside 
of the tubular insulator 9, in spaced parallel re 
lationship with the internal arcing gap between 
the terminal electrode 25 and the intermediate 
electrode 3, to a point horizontally Spaced from 
the outwardly bent continuous portion of the 
band 35, thereby forming an external arcing gap 
between the intermediate electrode 3 and the 
band or ground terminal electrode 35. 
A portion of the intermediate electrode 3 ex 

tends under the lower end of the cylindrical ele 
ment 20 to provide a support therefor, and a flux 
control conducting member 29, in electrical con 
tact at its lower end with the intermediate elec 
trode 3 , extends upwardly within the element 20 
to a point substantially above the lower end of 
the line terminal electrode 25, but not entirely 
through the element 20, so that the distance sep 
arating the line terminal electrode 25 and the 
Conducting member 29 is substantially less than 
the distance separating the former and the inter 
mediate electrode 3f. It may be mentioned that 
the-electrical strength of the airper unit of length 
between the electrode 25 and the intermediate 
electrode 3 is substantially less than that of the 
insulating material between the electrode 25 and 
the conducting member 29, so that breakdown 
always occurs over the air path. 
The Series arrangement of the internal and 

external arcing gaps has an electrical strength 
which is so coordinated with the insulating ele 
ments of the device that the weakest electrical 
path from conductor to ground is through the 
Series arrangement of these gaps, and electrical 
breakdown therefore includes the arcing gap be 
tween the line terminal electrode 25 and the in 
termediate electrode 3i, and the arcing gap be 
tween the latter electrode and the ground ter 
minal electrode 35. 

It may now be observed that the ground ter 
minal electrode 35 encircles the line terminal 
electrode 25, and may be nearer thereto than the 
intermediate electrode 3i, and that, with this 
arrangement the larger portion of the electro and the element of insulating material. 

2,169,110 
static flux prior to breakdown of the gaps Will 
pass from the line terminal electrode 25 through 
the walls of the insulating members to the ground 
terminal electrode 35. It may also be observed 
that whatever flux is not shunted away from the 
series arrangement of gaps will be greatly un 
balanced in the respective gaps, for the reason 
that the flux from the lower end of the line ter 
minal electrode 25 is diverted away from the in 
ternal arcing gap by the flux control member 
29, but that no equivalent shunting flux path is 
available with respect to the external gap, and 
the flux is therefore concentrated in the latter 
gaO. 

The conditions before breakdown may there 
fore be regarded as similar to one large capaci 
tor (25-29) in series with one Small capacitor 
(3-35), this series arrangement being shunted 
by another relatively large capacitor (25-3). 
Since the voltage applied to such a series ar 
rangement divides inversely in accordance With 
the relative electrical capacities, it may be seen 
that cascade breakdown will occur at a voltage 
which may approach that required to breakdown 
only the longer of the two gaps, and in this man 
ner the low initial breakdown Voltage desired to 
provide a high degree of protection is accom 
plished. It may be noted that cascade breakdown 
in an arrangement of this kind is controlled by 
relative values of flux concentration, rather than 
absolute values. It may be further observed that 
the effect of the proximity of the line terminal 
electrode 25 with respect to the ground terminal 
electrode 35 forms a capacitor which must be 
charged before voltage can build up to flash 
the gaps, thus reducing the time required to flash 
the arrester. 
The curve b of Fig. 4 illustrates a volt-time 

characteristic of the invention, in comparison 
with that (curve a) of a device embodying gaps 
of the same length, but without the flux control 
features of the present invention, as before de 
scribed. It may be noticed that not only do the 
improvements herein set forth reduce the magni 
tude of the sparkover voltage for all times shown, 
but also that the characteristic curve is much 
flatter as Zero time is approached, both of which 
are important considerations relating to over 
voltage protection of electrical apparatus from 
lightning disturbances. 

Following breakdown of the gaps in response 
to an overvoltage with respect to ground on a 
connected conductor, the initial path of current 
which may follow from an energized alternating 
current conductor through the device is down 
wardly through the electrode 25, downwardly in 
an arc along the line of abutment of the element 
20 with the tube 9, thence upwardly through 
the electrode 3 along the outside of the tubular 
insulator 0 in close spaced parallel relation with 
the arc, thence across the external gap as an arc 
to the ground terminal electrode 35. 
The arrangement just described is such that 

the current through the upwardly extending por 
tion of the electrode 3 produces an electro-mag 
netic field about the upwardly extending portion 
which reacts with the electromagnetic field about 
the arc, and results in a force which repels one 
from the other. Since the electrode is mechani 
cally fixed in place, and further since the arc 
has little weight and is therefore easily deflected, 
the arc is driven from its initial path to Succes 
sively longer paths in the space between the tube 

The 
elongation of the arc in this manner greatly as 
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2,169,110 
sists in its extinguishment, and this is one of 
the important features of the present invention. 

In Fig. 5 is illustrated the relation of the re 
pulsive force to the current in the arc. This rela 
tion is a parabola, since the force is a Square func 
tion of the current. This characteristic is par 
ticularly desirable in the present invention, since 
the force increases geometrically instead of lin 
early with increasing currents, and it is the high 
short-circuit currents of the order indicated 
in Fig. 5 which are the most difficult to interrupt. 
The shape of the ground electrode 35, together 

with its position with respect to the other ele 
ments constituting the arrester, is an important 
consideration in the construction of an arrester 
having the advantages herein set forth. It Will 
be apparent from the above description that the 
ground electrode 35, in addition to Serving as 
an electrode for the external arcing gap, is also 
a common means for Supporting the arrester and 
controlling the flux prior to breakdown. It Will 
also be apparent that the intermediate electrode 
3 not only is an arcing electrode common to 
both the internal and external gaps, but also a 
conductor so positioned as to drive the arc from 
the initial arcing path in response to current 
therethrough. 
Although the invention has been shown in but 

one form, it will be evident to those skilled in 
the art that many other forms and modifications 
may be employed without departing from the 
spirit of this invention as described above or as 
Set forth in the appended claims. 
What is claimed is: 
1. A lightning arrester comprising a hollow tube 

of insulating material, normally insulated Con 
ducting electrodes associated with said tube, said 
electrodes being so related as to cause an arc re 
sponsive to spark over which extends between said 
electrodes and longitudinally along the internal 
Surface of Said hollow tube, One of Said electrodes 
having an externally positioned juxtapOSed pOr 
tion in series circuit relation with the arc and 
so positioned with respect thereto as to drive 
the arc away from the initial path, Said portion 
extending longitudinally along one side only of 
said initial path. 

2. A lightning arrester COmprising a hollow 
tube of insulating material, normally insulated 
conducting electrodes associated with said tube, 
said electrodes being SO related as to cause an arc 
responsive to spark over which extends between 
said electrodes and longitudinally along the inter 
nal surface of said hollow tube, One of Said elec 
trodes having an externally positioned juxtaposed 
portion associated and in Series circuit relation 
With the arc and so positioned With respect there 
to that the arc is electromagnetically repelled 
from said portion, Said portion eXtending longi 
tudinally along one side Only of Said arc. 

3. In a lightning arrester adapted for connec 
tion between a conductor and ground, spaced in 
sulated conducting electrodes forming an arcing 
gap in the circuit between conductor and ground, 
a tube of insulating material housing said arcing 
gap, structural means for causing an arc follow 
ing Sparkover of Said gap to Occur Over an initial 
path along the internal Surface of Said tube, one 
of said electrodes having a portion thereof ex 
tending along One side only of Said arcing gap 
in Spaced insulated parallel relation therewith, 
Said portion extending longitudinally along the 
Outside of Said tube and forming a part of the 
circuit, between conductor and ground and being 
so related to said arcing gap that the electro 

3 
magnetic fluxes about said portion and gap inter 
act to move said arc from Said initial path. 

4. A lightning arrester adapted for connection 
between a conductor and ground comprising a 
hollow tube of insulating material, having an 
Opening at one end thereof, a substantially cy 
lindrical element of insulating material having a 
diameter less than that of the hollow extending 
therein, means holding said element of insulating 
material in lateral abutting engagement with 
the inner surface of said tube, and electrically 
conducting structural means for causing spark 
Over betWeen conductor and ground to occur over 
an arc path along the line of abutment of Said 
tube with said insulating element, said conduct 
ing means including a conducting member ad 
jacent to and extending along said arc path in 
Spaced Irelation thereto, said conducting member 
extending longitudinally along the outside of the 
tube and being arranged to conduct current in a 
direction opposite that of the direction of current 
through Said arc path, whereby the arc is elec 
tromagnetically driven from its initial path. 

5. A lightning arrester adapted for connection 
between a conductor and ground comprising a 
hollow tube of insulating material, having an 
opening at one end thereof, a substantally cylin 
drical element of insulating material having a 
diameter less than that of the hollow extending 
therein, means holding said element of insulating 
material in lateral abutting engagement with the 
inner Surface of said tube, and electrically con 
ducting structural means for causing Sparkover 
between COnductor and ground to occur Over a 
predetermined initial arc path parallel to the axis 
of the tube and in the space between the tube 
and the cylindrical element, said structural means 
including an externally positioned conductor jux 
taposed With respect to said arc path and con 
ducting current in a direction to electromag 
netically repel Said arc from Said conductor 
whereby said arc is driven away from the prede 
termined initial path. 

6. A lightning arrester Subject to a voltage 
from a conductor and to ground, comprising in 
sulating means supporting a plurality of normally 
insulated conducting electrodes to provide a first 
arcing gap and a second arcing gap in series rela 
tion from Conductor to ground, a tube of insu 
lating material housing said first arcing gap, 
said electrodes being related to control the elec 
troStatic fields about said gaps prior to break 
down thereof So as to concurrently reduce the 
time of flashover of Said gaps and impress sub 
stantially all of said voltage on said second arc 
ing gap and said electrodes being also related to 
control the electromagnetic fields about said gaps 
following breakdown thereof so as to move the 
arc of said first arcing gap a-Way from its initial 
path. 

7. A lightning arrester subject to a voltage 
from a conductor and to ground, comprising in 
sulating means supporting a plurality of normally 
insulated conducting electrodes to provide a first 
arcing gap and a Second arcing gap in series rela 
tion from conductor to ground, insulating ele 
ments defining an annular arc Space housing said 
first arcing gap, Said electrodes being related to 
control the electroStatic fields about said gaps 
prior to breakdown thereof so as to concurrently 
reduce the time of flashover of said gaps and im 
preSS Substantially all of Said voltage on said sec 
Ond arcing gap and Said electrodes being also re 
lated to control the electromagnetic fields about 
Said gaps following breakdown thereof so as to 
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4. 
elongate the arc of Said first arcing gap Within 
said annular space whereby to extinguish it. 

8. A lightning arrester comprising a tube of 
fibrous gas evolving insulating material, having 
one end thereof closed a substantially cylindrical 
element of insulating material having diameter 
less than that of the tube Supported therein in 
lateral abutting engagement with the inner sur 
face thereof, a tubular insulator of ceramic insul 
lating material, means supporting said tube with 
in said tubular insulator, vent means for said 
tube at the other end thereof, normally insulated 
conducting electrodes including a first terminal 
electrode at the closed end of said tube, an inter 
mediate electrode at the vented end of Said tube, 
and a second terminal electrode positioned ex 
ternally of said tube, said first terminal electrode 
extending along the line of abutment of said ele 
inent with said tube toward said intermediate 
electrode in spaced relation therewith to provide 
a preferential internal arcing gap therebetween, 
and said second terminal electrode encircling said 
Ceramic insulator and forming supporting means 
for mounting the arrester, Said first terminal 
electrode extending through said Second terminal 
electrode to thereby increase the electrical ca 
pacity of the arrester. 

9. A lightning arrester comprising a tube of 
organic gas evolving insulating material having a 
closure at one end and went means at the other 
end, a Substantially cylindrical element of insu 
lating material having a diameter less than that 
of the tube supported therein in lateral abutting 
engagement with the inner Surface thereof, a 
hollow tubular insulator of inorganic material, 
means supporting said tube within said tubular 
insulator, normally insulated conducting elec 
trodes including a first terminal electrode at the 
closed end of said tube, a second terminal elec 
trode encircling said tubular insulator between 
the ends thereof, and an intermediate electrode 
at the vented end of said tube, said electrodes 
being related to provide the Weakest electrical 
path between the terminal electrodes, said first 
terminal electrode extending through said second 
terminal electrode along the line of abutment of 

2,169,110 
Said element with said tube toward the interme 
diate electrode to provide a first arcing gap there 
between, whereby to increase the electrical ca 
pacity of the device, and said intermediate elec 
trode extending externally of said tube along said 
first arcing gap toward said second terminal elec 
trode to provide a second arcing gap and being 
magnetically coupled to said first arcing gap So as 
to cause movement of the arc spanning said first 
arcing gap between said element and said tube 
in response to electrical breakdown of said gaps. 

10. In a lightning arrester, a hollow tube of gas 
evolving insulating material having a closure at 
one end and went means at the other end, a Sub 
stantially cylindrical element of insulating ma 
terial having a diameter less than that of the 
hollow of said tube supported therein in lateral 
abutting engagement with the inner Surface 
thereof, said element extending toward but in 
spaced relation with said closure whereby to pro 
vide a chamber therebetween, normally insulated 
conducting electrodes at the respective ends of 
said tube, one electrode extending along the line 
of abutment of said element With said tube, said 
one electrode having a grooved passageway ex 
tending from the extended end thereof in com 
munication with said chamber. 

11. . In a lightning arrester adapted for connec 
tion between a conductor and ground, spaced in 
Sulated conducting electrodes forming an arcing 
gap in the circuit between conductor and ground, 
a Wall of insulating material enclosing Said arc 
ing gap, said electrodes being arranged for caus 
ing an arc following sparkover of Said gap to oc 
cur over an initial path along the internal surface 
of said wall of insulating material, one of said 
electrodes having a conducting portion thereof 
extending along one side only of said arcing gap 
in spaced insulated parallel relation therewith, 
said conducting portion forming a part of the cir 
cuit between conductor and ground and being ar 
ranged to conduct current in a direction opposite 
that of the direction of current through said arc 
path, whereby the arc is electromagnetically driv 
en from its initial path. 
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