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TWO ELECTRODE SPARK GAP APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for 
controlling the discharge of electrical energy. The in 
vention is more particularly related to a spark gap dis 
charge device. ' 

Gaseous conductors such as spark gap discharge de 
vices have numerous applications.‘iGenerally, a spark 
gap discharge apparatus is used as a trigger to isolate 
energy stored in a capacitor from a load. One example 
of such a use is in blasting operations in tunnels and 
shaft mining where it is desirable to detonate explosives 
with electric blasting caps. Typically, the electric blast 
ing caps are detonated by electric energy which is re 
ceived from the discharge of a storage capacitor. Obvi 
ously, the most important aspects of blasting is the 
safety of the people involved in the operations. There 
fore, a most important feature of any blasting circuit is 
the device that isolates the explosives from the electri 
cal energy that detonates the explosives. A description 
of one such device may be found in US. Pat. No. 
3,715,614 entitled “Three Electrode Spark Gap Appa 
ratus” issued Feb. 6, 1973 to Irving E. Linkroum. 

' Another use for spark gap discharge devices is in the 
ignition circuitry for industrial and aircraft gas turbine 
engines wherein the spark gap device is used to isolate 
and trigger the discharge of the energy stored in a ca 
pacitor into an igniter plug that ignites fuel in the en 
gine. 

' Within the aforementioned applications, it is gener 
ally necessary that the spark gap apparatus have a spe 
ci?c breakdown voltage at which the spark gap appara 
tus will allow the discharge of energy into the load, e.g. 
igniter plug or blasting caps. Further, it is necessary 
that there be a wide variety of spark gap devices, each 
having a predetermined breakdown voltage that corre 
sponds to the circuitry for which it is to be used. This 
requirement has in the past necessitated the need for 
stocking a large number of spark gap devices with dif 
ferent electrode spacings. 

SUMMARY OF THE INVENTION 

This invention eliminates the need to stock spark 
gaps with different electrode spacings by providing a 
completely assembled spark gap electrode assembly 
that includes an electrode that is adjustable to establish 
the desired breakdown before the apparatus is hermeti~ 
cally sealed. 
The invention is a spark gap apparatus (See FIG. 5) 

for a capacitor discharge circuit that is characterized 
by the additional element of a flanged sleeve 3 that al 
lows one of the electrodes 20 to be adjusted before the 
apparatus is hermetically sealed. 

In one embodiment of the invention, the spark gap 
apparatus comprises: a tube 5 having a central axis; a 
?rst base I mounted at one end of the tube; a second 
base 2 mounted at the other end of the tube and form 
ing with the ?rst base 1 and the tube 5 an enclosure; a 
?rst electrode 10 mounted to the ?rst base 1 and ex 
tending into the enclosure along the central axis 
thereof, the ?rst electrode I0 having a free end portion 
that includes an arc discharge surface area 11; a 
?anged sleeve 3 mounted to and extending through the 
second base 2 in the manner shown in FIGS. 3 and 5; 
and a second electrode 20 mounted through the sleeve 
3 and extending into'the‘enclosure along’ the central 
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axis, the second electrode 20 having a free end portion 
that includes an arc discharge surface 21 which is 
spaced from and faces the arc discharge surface 11 of 
the ?rst electrode 10, the second electrode 20 electri 
cally isolated from the ?rst electrode; and means for 
hermetically sealing the enclosure formed by the ?rst 
and second bases 10,20 and the tube 5. 
Accordingly, it is an object of this invention to pro 

vide a spark gap apparatus that has an adjustable elec 
trode. ' 

Another'object of this invention is to provide an im 
proved device for discharging capacitors. 

It is still another object of this invention to provide 
an apparatus that allows the electrode spacing therein 
to be established after the device is assembled but be 
fore the device is hermetically sealed. 

It is still another object of this invention to provide 
spark discharge devices, having different breakdown 
voltage, which are made from the same preassembled 
device. _ 

The above and other objects and features of the in 
vention will become apparent from the following de 
tailed description taken in conjunction with the accom 
panying drawings and claims which form a part of this 
speci?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross-sectional view of a spark gap 
discharge apparatus that incorporates the principles of 
the invention. 
FIG. 2 is a cross-sectional view of the apparatus 

shown in FIG. 1 taken along lines II—II. 
FIG. 3 is a plan view of the spark gap discharge appa 

ratus shown in FIG. 1. - 

FIG. 4 is an end view of the spark gap discharge ap 
paratus shown in FIG. 3. 

FIG. 5 is a partial cross-sectional view of one end 
portion of a spark gap discharge apparatus. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings, FIG. 1 illustrates a 
spark gap discharge device that is useful for triggering 
the energy ‘stored in a capacitor discharge circuit. The 
spark gap device shown may be used in blasting ma 
chine circuits ‘as serve as a switch for discharging the 
energy stored in the capacitor through blasting caps to 
detonate dynamite. The device illustrated has been 
found to be greatly superior to mechanical switches in 
this application because the contacts of mechanical 
switches burn away after relatively few operations be 
cause of the‘ energy passing through them. Ordinary 
gaseous conductors are inappropriate for use in dis 
charging the energy from a storage capacitor when the 
energy stored‘ in the capacitor is greater than 100 
joules. 

FIG. 1 illustrates a spark gap discharge apparatus 
which comprises: an enclosure formed by base plates 1 
and 2 which are mounted to the ends of a tube 5; and 
electrodes 10 and 20 mounted to the base plates 1 and 
2 respectively along the central or longitudinal axis of 
the tube 5. The base plates 1 and 2, tubing 5 and tubing 
10 and 3 are selected from materials having approxi 
mately the same thermal coefficient of expansion 5 X 
l()_"/ 1°C in the expected operating temperature range 
(—65°F to'5()()°F). The base plates 1 and 2 are com 
prised of a borosilicate glass (Corning 7052); the tub 
ing 5 is comprised of a ceramic such as alumina (96% 
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A1203); and the metal parts such as tubes 3 and 10, and 
washer 31 are comprised of an ASTM F15 alloy (‘c.g. 
Kovar, Rodar, Nicoseal). When the assembled parts 
are properly ?xtured and exposed to an appropriate 
temperature, the glass will melt and bond to the adja 
cent surfaces to form an air-tight enclosure upon cool 
ing. The enclosure may be evacuated through the pas~ 
sage 15 and hole 16 in the electrode tubing 10. The en 
closure may be evacuated to a pressure below 1 X 10‘3 
torr and then back?lled with an ionizable atmosphere 
to a pressure at, above or below atmospheric. Repeated 
evacuation’and ibackfilling will ?ush out undesirable 
gases. Preferred ionizable atmospheres that may be 
used to back?ll the enclosure are dry air or a mixture 
of dry air or a mixture of argon and hydrogen. Other 
gas mixtures such as: air and carbon dioxide, nitrogen, 
hydrogen and argon may also be used. Alternately tub 
ing 5 may be comprised of a suitable glass and the en 
closure may be evacuated through a tubulation in the 

_ glass. 

The arc discharge surfaces 11, 21 of the electrodes 
10 and 20 are comprised of materials chosen for their 
electrical and physical characteristics at high currents, 
voltages and temperatures. Examples of acceptable 
electrode materials are molybbenum, tungsten, tho 
riated tungsten, and tungsten mixed with metals such as 
thorium,' aluminum, and barium to provide a lower 
work function than tungsten. Because of the high en 
ergy associated with the discharge across the elec 
trodes, tungsten is an electrode material that is suitable 
for the anode and cathode because of its high tempera 
ture characteristics (high melting temperature). Bar 
ium aluminate may be added to the tungsten to im 
prove the electrical characteristics of those of the elec 
trodes as barium aluminate increases the emissivity of 
electrodes. For a detailed discussion of gaseous con 
ductors see “Vacuum Tube and Semiconductor Elec 
tronics", and “Gaseous Conductors” by James Cobine 
published by Dover Publications. 
The ?rst electrode 10, mounted to the ?rst base 1, 

extends into the enclosure and terminates at a free end 
that includes an arc discharge surface 11. The ?rst 
electrode 10 includes an axial passage 15 that includes 
an. opening 16. In this embodiment, the ?rst electrode 
10 serves as the conduit for evacuating the enclosure 
and ?lling it with an ionizable atmosphere. The second 
electrode 20 is mounted through the second base 2, ex» 
tends into the enclosure and terminates in an are dis 
charge surface 21. The second base 2 extends along the 
central axis of the enclosure through sleeve 3 that re 

‘ ceives the electrode 20. The sleeve 3 maintains the 
electrode 20 substantially along the central axis of the 
enclosure and in alignment with the axis of the other 
electrode 10, while permitting axial movement of the 
electrode 20 with respect to the electrode 10. The 
sleeve 3 is positioned by inner plate 31 which prevents 
the sleeve 3 and base 2 from falling into the enclosure 
during the assembly procedure. The movable‘ electrode 
20 permits the spacing, between the arc discharge sur 
faces ll, 21 between the electrodes 10 and 20, to be 
accomplished after the enclosure is fabricated but be 
fore the enclosure is ?lled with an ionizable atmo 
sphere and the enclosure hermetically sealed. 
FIG. 2 is ‘a cross-sectional view’of the spark gap dis 

charge device shown in FIG. 1 taken along lines 11-". 
‘ This ?gure illustrates the generally cylindrical shape of 
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4 
the tubing 5 and how the electrode 10 is mounted along 
the central axis of the tubing 5. ‘ ' 

FIG. 3 illustrates a spark gap discharge device that is 
completely assembled and ready for operation. The de 
vice shown in FIG. 3 has been hermetically sealed and 
the spacing between the discharge surfaces 11, 21 of 
the electrodes 10 and 20 has been ?xed. The spacing ' 
between the electrodes 10 and 20 has been ?xed by 
crimping tube 3 at point 32 to the electrode 20 to pre 
vent movement of electrode 20. The tube 3 and elec 
trode 20 are then hermetically-sealed by soldering or 
silveralloy brazing 33. Similarly, after the spark gap dis 
charge device has been ?lled with an ionizable atmo 
sphere, electrode 10 is then crimped at 12 and soldered 
or silver-alloy brazed at the end 13 to produce a her 
metically sealed joint. 
FIG. 4 is an end view of the spark gap discharge ap~ 

paratus shown in FIG. 3 which illustrates that electrode 
10 is arranged along the central axis of the tube 5. 
FIG. 5 is an alternate embodiment of one end portion 

of a spark gap discharge device shown in FIG. 1. In this 
embodiment, the sleeve 3 is made integral with plate 31 
and extends from one end of the device from below the 
base 2. To hermetically seal the sleeve portion 3 to the 
tube 5, a glass washer 2, preferably comprised of a bo 
rosilicate, is placed over the metal tubing 3 and plate 
31 and sealed to the conduit 3 and tubing 5 by raising 
the temperature of the glass until it melts and forms a 
hermetic seal. . 

A preferred method of fabrication would be accom 
plished as follows: All of the components of a spark gap 
discharge apparatus are fabricated into the assembly 
shown in FIG. 1. The glass bases 1 and 2, are heated to . 
a high temperature to melt the glass and establish a seal 
between the tube 5 and the bases 1 and 2 and electrode 
10 and sleeve 3. The assembly is then stored until a re 
quirement comes for a spark gap discharge device hav 
ing a particular breakdown voltage. Upon receipt of a 
request for spark gap discharge devices each having 
various breakdown voltages, the devices are assembled 
into operational device as follows: First, the enclosure 
is purged of any undesirable gases and moisture by a 
flushing with either dry air or argon. The gap spacing 
is then adjusted by axially moving electrode 20 into 
contact with electrode 10 and then axially backing off 
electrode 20 to the desired spacing between the dis 
charge surfaces 11 and 21. Once the desired spacing is 
established, it may be checked by attaching an electri 
cal instrument to the electrodes that establishes a volt 
age below the breakdown potential required. The volt 
age is then increased until there is a breakdown of the 
potential between the two electrodes. This breakdown 
should correspond to the breakdown voltage desired by 
setting the gap. If it does not, the electrode 20 may be 
moved closer or further away from electrode 10 de 
pending on the voltage at which the breakdown occurs. 
Once the proper voltage breakdown is obtained by 
properly spacing the electrodes, electrode 20 is made 
immovable by crimping the sleeve 3 to the electrode 
20. Next, the sleeve 3 is soldered or silver-alloy brazed 
to the electrode 20 to seal this end of the enclosure. 
The only remaining opening to the inside of the enclo 
sure is through the passage 15 in electrode 10 that ter 
minates in opening 16 within the enclosure. The ?nal 
step in making the, tube‘opera'tional is to ?ll the enclo 
sure with a; predetermined gasi‘and to a predetermined 
pressure or vacuum level.‘ The ?nal step is sealing off 
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the passage 15 by crimping one end of the electrode 10 
and soldering or silver-alloy brazing the walls of the 
electrode 10 together to produce a sealed joint. The 
?nal result is a hermetically sealed spark electrode dis 
charge apparatus. " 

In operation, the spark gap discharge device will op 
erate as follows: When the voltage across the spark gap 
discharge device reaches the breakdown potential, an 
electric arc is initiated between electrodes 10 and 20. 
The value of the voltage breakdown necessary to initi 
ate the discharge is a function of the voltage between 
the electrodes, the electrode materials, the spacing be 
tween the electrodes, the gas in the enclosure, and the 
pressure of the gas within the enclosure. Once an arc 
is established between the electrodes 10 and 20, energy 
stored in a storage capacitor, in electrical circuit rela 
tionship with the spark gap apparatus, begins to dis 
charge through the arc and into the load. 
While a preferred embodiment of the invention has 

been disclosed, it will be apparent to those skilled in the 
art that changes may be made to the invention as set 
forth in the appended claims, and in some cases, cer 
tain features of the invention may be used to advantage 
without corresponding use of other features. For exam 
ple, the electrodes and enclosure may take shapes 
other than cylindrical. Accordingly, it is intended that 
the illustrative and descriptive materials herein be used 
to illustrate the principles of the invention and not to 
limit the scope thereof. ‘ 

Having described the invention, what is claimed is: 
1. A spark gap apparatus comprising: 
a ceramic tube having a central axis; 
a ?rst base mounted at one end of said tube; 
a second base comprised of‘ glass mounted at the 
other end of said tube and forming with said ?rst 
base and said tube an enclosure; 

a ?rst electrode mounted to said ?rst base and ex 
tending into said enclosure along said central axis, 
said ?rst electrode having a free end portion that 
includes an arc discharge surface; 

a metal plate disposed inside of and transverse to the 
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6 
central axis of said tube, said metal plate being in 
contact with an annular portion of said second base 
and an annular portion of said tube; 

a sleeve mounted to and extending through said sec 
ond base; and 

a second electrode mounted through said sleeve and 
_ said metal plate and extending into said enclosure 
along said central axis, said second electrode hav 
ing a freeiend portion that includes an arc dis 
charge surface which is spaced from and faces the 
arc discharge surface of said ?rst electrode, said 
second electrode electrically isolated from said 
?rst electrode. 

2. The spark gap apparatus recited in claim 1 includ 
ing: 
means for hermetically sealing the enclosure formed 
by said bases and said tube. 

3. The spark gap apparatus described in claim 1 
wherein said ?rst electrode has a passage therein along 
said central axis, one end of said ?rst electrode passage 
terminating outside of said enclosure and an opening in 
another portion of said electrode that communicates 
with said ?rst electrode passage and the inside of said 
enclosure. 

4. The spark gap apparatus recited in claim 1 wherein 
said enclosure contains an ionizable atmosphere. 

5. The spark gap apparatus recited in claim 3 wherein 
said enclosure contains an ionizable atmosphere. 

6. The spark gap apparatus claimed in claim 1 
wherein said ceramic material is alumina. 

7. The spark gap apparatus claimed in claim 5 
wherein said ceramic material is alumina. 

8. The spark gap apparatus described in claim 2 
wherein said ?rst electrode has a passage therein along 
said central axis, one end of said ?rst electrode passage 
terminating outside of said enclosure and an opening in 
another portion of said electrode that communicates 
with said ?rst electrode passage and the inside of said 
enclosure. 

* * * >I= * 


