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[57] ABSTRACT 

Various spark gap switches are disclosed in which an 
arc is caused to be struck, at a desired switching in 
stant, between two electrodes. The electrodes are con 
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ELECTRICAL SWITCHING ARRANGEMENTS 

BACKGROUND OF THE INVENTION 

The invention relates to spark gap apparatus, and 
more particularly to spark gap switches in which an arc 
is struck, at a desired switching instant, between two 
electrodes. 

BRIEF SUMMARY OF THE INVENTION 

According to the invention, there is provided spark 
gap apparatus, comprising ?rst and second electrodes 
in which a surface of the ?rst electrode faces an annu 
lar edge on the second electrode which edge de?nes a 
pronounced change in inter-electrode spacing, and 
means for applying an electrical potential difference 
between the electrodes such that the magnetic forces 
acting on an are produced therebetween at the annular 
edge tend to limit the directions of movement of the 
arc. 

According to the invention, there is further provided 
spark gap switch apparatus, comprising ?rst and sec 
ond electrodes having a pronounced and symmetrical 
change in spacing between them so as to de?ne a semi 
enclosed region between them, whereby magnetic 
forces acting on an arc set up between the electrodes 
tend to retain the are within the said region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Spark gap switches embodying the invention will now 
be described, by way of example only, with reference 
to the accompanying drawings in which: 
FIG. 1 is a diagrammatic cross-section through one 

spark gap embodying the invention; 
FIG. 2A to 2D are diagrammatic cross-sections 

through variants of a further spark gap switch embody 
ing the invention; 
FIGS. 3A and 3B are diagrammatic cross-sections 

through two variants of another spark gap switch em 
bodying the invention; and 
FIGS. 4, 5A and 5B are diagrammatic cross~sections 

through further spark gap switches embodying the in 
vention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The spark gap switches to be discussed are for 
switching high currents for long pulse times and, if re~ 
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quired, with‘ high accuracy of timing. In each case, a ~ 
gap is provided between two electrodes, and, in a man 
ner to be described, the current is caused to ?ow across 
the gap, at the instant required, in the form of an are. 
In the spark gap switch of FIG. 1, two electrodes 8 

and 10 are provided. Electrode 10 is in the form of a 
disc-shaped portion 10A and a supporting rod 108. 
The rod 108 is fixedly mounted relative to the elec 
trode 8 and separated therefrom by electrical insula 
tion not shown. The spacing between the electrodes is 
non-uniform, such that the length of the gap 12 be 
tween them is less than the length of the gap 14 and 
preferably greater than the length of the gap 16. In ad 
dition, the peripheral edge of the disc 10Ais' of reduced 
thickness to give a non-uniform electric ?eld in the gap 
when a potential difference exists between the elec 
trodes, the thickness of the edge being small compared 
to the inter-electrode spacing. 

In operation, a discharge between the electrode 8, 10 
can be initiated in one of a number of ways. For exam 
ple, a high potential difference may suddenly be ap 
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2 
plied between the electrodes 8 and 10. This high poten 
tial can be applied by suddenly raising one of the elec 
trodes from zero volts; instead a steady potential differ 
ence, not quite sufficient to break down the gap be 
tween the electrodes can be applied between them, a 
voltage pulse then being applied to one of the elec~ 
trodes sufficient to raise the potential difference to the 
breakdown value. Alternatively, a steady potential dif 
ference, again not quite sufficient to cause breakdown, 
can be applied between the electrodes and then the 
spacing or gas pressure between the electrodes can be 
suddenly reduced to cause breakdown to occur, or the 
actual gas can be changed from one having a relatively 
good resistance to electrical breakdown to one having 
a relatively poorer resistance to electrical breakdown 
(e.g. from compressed air to argon or from SF, to air) 
so as to cause breakdown to occur; these methods are 
not so satisfactory when very high timing accuracy is 
required. 
Whichever method is used, the intense non-uniform 

‘electric ?eld set up at the edge of the disc 10A causes 
breakdown to occur across the gap 12, so that an arc 
is struck here. The resultant magnetic force produced 
by the arc and the electrode currents is such that, pro 
vided the arc current and the lengths of time for which 
it is maintained are suf?cient, the arc is caused to shift 
around the peripheral edge of the disc 10A until it 
reaches the gap 14, this being the position of maximum 
inductance, that is, maximum arc length. Ifthe are cur 
rent and/or its time of existence is not su?'icient to 
cause the arc to move round to the gap 14, it will re 
main in the gap 12. In either case, however, it will not 
move to or through the'narrow gap 16. 
Thus, the arc is held in a con?ned position remote 

from the electrical insulation separating electrodes, 
and the damage to the insulation by the arc will thus be 
minimised. Furthermore, the position in which the arc 
is initially maintained traps erosion products within the 
inter-electrode space. > 

The shape of the disc 10A is such that erosion caused 
by the arc initiation‘ is spread round the periphery of 
the disc 10A. The life of the electrode 10 can therefore 
be made as long as necessary by choosing a sufficiently 
large diameter for the disc 10A. Erosion of the disc 
10A merely reduces the diameter of the disc while 
maintaining approximately the same gap dimensions, 
and the life of the electrode 8 is also prolonged. Thus, 
triggering perfonnance, voltage hold-off, and are volt 
age will _not vary as a result of erosion until the disc di 
ameter becomes very small. These factors combine to ‘ 
increase the life of the switch. 
The spark gap switch FIGS. 2A to 2D is generally 

similar to that of FIG. 1, and similar parts are similarly 
referenced; as shown, the disc 10A of FIGS. 2A to 2D 
arrangement has a fatter cross-section than that in FIG. 
1. FIG. 2A shows one method by which an are dis 
charge can be initiated. Here, anadditional electrode 
18, which is electrically insulated by insulation 20 from 
the electrode 8, is used. A potential difference (which 
may be zero), insufficient to cause breakdown, is ap 
plied between the electrode 8 and 10. At the desired 
switching instant, a potential is suddenly applied to 
electrode 18, and causes breakdown to occur initially 
either between electrode 18 and electrode 10 or be 
tween 18 and electrode 8 and subsequently between 
the electrode 8 and 10. 
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FIG. 2B shows a modi?cation in which two or more 
auxiliary electrodes 18 are provided. This may be ad 
vantageous in that it prolongs the life of disc 10A and 
the electrode 18 by initiating breakdown at more than 
one point around the periphery of the disc. Instead of 
the two electrodes 18 in FIG.2B being separate, they 
may be in the form of a single annular ring electrode 
which physically divides electrode 8 into two parts 8A 
and 8B. 
FIG. 2C shows another variant. Again, a potential 

difference (which may be zero) insuf?cient to cause 
breakdown is applied between electrodes 8 and 10. At 
the desired switching instant, a plasma jet is injected 
through an ori?ce 22, and breaks down the gap 14 ' 
causing an arc to be established between electrodes 8 
and 10. More than one ori?ce 22 may be provided and 
this may be advantageous in that breakdown can be ini 
tiated at a number of points around the disc 10A thus 
prolonging electrode life. 
FIG. 2D illustrates a further way in which an arc can 

be struck. If the ori?ce 22 is made annular in form, the 
electrode 8 is separated into two electrically isolated 
electrodes 8A and 88. An arc can thus be struck be 
tween these two electrodes across the gap provided by 
the ori?ce. This is achieved by connecting a capacitor 
of the required energy between parts 8A and 8B, and 
applying a voltage pulse to either electrode 8A or 8B. 
The resultant magnetic force on the auxiliary arc 
moves it towards disc 10A so that if a potential differ 
ence is applied between electrodes 8 and 10, break 
down will occur across gap 14. To ensure that the auxil 
iary arc is initiated at gap 23 after erosion has taken 
place, it may be advantageous to have a disc-shaped 
outer edge to either electrode 8A or 88 at gap 23 as 
shown or place an insulator 24 between parts 8A and 
8B, or both the disc-shaped edge and the insulator can 
be used together. Alternatively, an auxiliary annular 
electrode placed between electrodes 8A and 88, as for 
example shown in FIG. 28 by electrode 18, will ensure 
that the auxiliary arc is struck across gap 23. In this 
case, breakdown is initiated between electrode 8A and 
88 by applying a voltage pulse to electrode 18. 
FIGS. 3A and 3B show two variants of a further spark 

gap switch, and again parts similar to those in FIG. 1 
are similarly referenced. In the variant of FIG. 3A, the 
electrode 10 ‘does not have a disc-shaped portion but 
is cup-shaped with a hole 28 whose annular edge faces 
the electrode 8, which is in theform of a cylindrical 
solid, and produces a pronounced change in inter 
electrode spacing. When an arc is struck at the gap 12, 
using one of the methods previously described, the ef 
fect of the annular edge is to create magnetic forces 
which tend to drive the arc towards the centre of the 
hole; the arc is therefore prevented from damaging the 
insulation (not shown) separating the upper parts of 
the electrodes. The con?guration of the variant of FIG. 
3A, however, is such that erosion products are not so 
well retained within the gap as in the embodiments of 
FIGS. 2A and 2B. 

In the variant of FIG. 3B, the two electrodes simply 
comprise two generally flat plates as shown with elec 
trode 10 being provided with a hole 2% whose annular 
edge faces the electrode 8 across the gap 12 and has the 
same effect as in FIG. 3A. Again, the arc is struck 
across the gap 8 at the desired switching instant, by any 
one of the methods described above, and the con?gura 
tion retains the arc at the centre of the spacing. Here, 
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4 
the erosion products are also more or less retained 
within the spacing. 

In FIGS. 3A and 3B, the holes 28 can be replaced by 
circular recesses facing the lower ends of the electrodes 
8. 
The embodiment of FIG. 38 can be modi?ed by in 

serting a rod upwardly through the hole 28 to provide 
electrical connection to the electrode 8. In a further 
modi?cation, a plurality of holes 28 can be formed in 
the electrode 10, each such hole facing the electrode 
8. Each such hole can have a rod through it. 

In FIG. 4, the electrode portion 10A is of disc-like 
form with a thickness less than the inter-electrode spac 
ing, while the electrode 8 is of planar form. As before, 
the arc is struck across the inter-electrode gap 12 by 
one of the methods described above, and the non 
uniform ?eld existing at the annular edge of priphery 
of the disc 10A helps to give a rapid striking action and 
reduces erosion of the two electrodes. As shown, the 
electrode 8 is annular in form, and again the magnetic 
forces set up on the arc ensure that the end of the arc 
on electrode 8 tends to move outwardly along elec 
trode 8. The spacing between electrode 8 and disc por 
tion 10A can be uniform or can increase in a radially 
outward direction. - 

FIGS. 5A and 58 respectively show variants of the 
further spark gap switches of FIGS. 3A and 33; parts 
similar to those in FIGS. 3A and 3B are similarly refer 
enced. In the variant of FIG. 5A, the spacing between 
the electrodes is uniform along the horizontal and is 
also uniform, but smaller, along the vertical. At the de 
sired switching instant, an arc is struck at the gap 14 
using one of the methods previously described. Be 
cause of the small size of the gap 116 as compared with 
the gaps l2 and 14, the arc is prevented from moving 
to or through the gap 16; the arc is therefore prevented 
from damaging the insulation (not shown) separating 
the upper parts of the electrodes. 

In the variant of FIG.5B, the horizontal spacing be 
tween the electrodes 8 and H0 is not uniform. In this 
variant, the two electrodes may simply comprise two 
generally ?at plates as shown. Again the arc is struck 
across the gaps 12 or 14, at the desired switching in 
stant, by any one of the methods described above, and 
the con?guration of the inter-electrode spacing retains . 
the are at the centre of the spacing. Here, the erosion 
products are also more or less retained within the spac 
mg. . > 

It will be appreciated that the semi-enclosed con?gu 
ration shown in FIGS. 1 to 2D and 5A and 5B and in 
the versions of FIGS. 3A and 3B in which the holes 28 
are replaced by recesses are advantageous over the 
open forms of FIG. 4, in that they provide a predeter 
mined maximum impedance for the arc and lend them 
selves to operation under pressurized conditions. 
What is claimed is: ‘ 

ll. Spark gap switch apparatus, comprising 
a first electrode of a disc shape de?ning ?rst and sec 
ond opposed surfaces, ‘ 

. a second electrode including an annular surface de— 
?ning a hole therein. 

the ?rst electrode being mounted with one of said 
surfaces facing and overlapping the said annular 
surface and hole of the second electrode with the 
periphery of said one surface de?ning a pro 
nounced change in inter-electrode spacing, and 
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means for applying an electrical potential difference 
between the electrodes to produce an arc therebe 
tween, said means including a conductive rod con 
nected to the ?rst electrode and directed trans— 
versely of said one surface of the ?rst electrode to 
pass through the hole in the second electrode with 
the current ?ow in the arc and electrode surfaces 
producing magnetic forces acting on the are which 
tend to keep the arc away from the said hole. 

2. Apparatus according to claim 1, in which the sec‘ 
ond electrode at least partially embraces the ?rst elec 
trode. 

3. Apparatus according to claim 2, in which the inter 
electrode gap increases in a direction away from the 
periphery of the hole in the second electrode, so as to 
tend to move the are away from the rod. 

4. Apparatus according to claim 1, in which the pe 
riphery of said ?rst electrode has a thickness which is 
small compared to the inter-electrode gap. 

5. Apparatus according to claim 1, including striking 
means for striking the said arc at a desired switching in 
stant. 
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6. Spark gap switch apparatus, comprising 
a ?rst disc-shaped electrode, 
a second generally cup-shaped electrode, a curved 
upper end portion of the side wall of the cup ex 
tending transversely to the cup axis so as to par 
tially close off and top of the cup and to de?ne a 
hole through which the said cup axis passes, 

an electrically conductive rod attached to the ?rst 
electrode and extending transversely to the surface 
thereof and supporting the ?rst electrode inside the 
cup de?ned by the second electrode with a major 
surface of the disc-shaped ?rst electrode overlap~ 
ping the upper end portion of the second electrode 
and with the rod extending out through the said 
hole de?ned by the second electrode such that the 
inter-electrode gap increases towards the periphery 
of the first electrode, and 

means for striking an are between the electrodes 
which produces magnetic forces tending to retain 
the are inside the cup and away from the said hole. 
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