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1. 
3,876,114 

SPARK GAP SEVECES 
ir ice Clifford Hicks, iorado, Esgaad, assigaor to 

E.Mi. P. Electric ELisaited 
Fied Sasa. 24, 1952, Ser. No. 84,678 

i5 Caissas. (CE. 313-63) 

The present invention relates to improvements in spark 
gap devices particularly but not exclusively for use in 
conjunction with electric surge diverters and lightning 
arresters such as are provided on electric power lines. 

Lightning arresters and surge diverters as used on 
power lines normally comprise a series of non-linear 
resistor blocks with one or more spark gap units in series 
therewith, the gap units having the function of flashing 
over on the occurrence of a surge and under these condi 
tions the non-linear resistor blocks provide a compara 
tively low resistance path to earth for the surge current 
but it necessarily follows that they then provide a path to 
earth for power current. It is necessary to terminate the 
resulting power current as rapidly as possible. Compara 
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tively substantial power currents may be involved be 
cause, for other considerations, it is desirable that the 
resistor blocks shall have a comparatively low resistance 
under surge conditions. The ability to terminate the flow 
of power current is a function of the properties of the 
non-linear resistor blocks and of the characteristics of 
the spark gap unit or units. It is important that the spark 
gap components shall not be permanently affected under 
surge-carrying conditions, for example the current should 
be interrupted at the spark gap electrodes without causing 
any permanent damage to the sparking surface of said 
electrodes so that the diverter or arrester shall be ca 
pable of repeated of repeated operation without any 
change in its characteristics. 
The primary object of the present invention is to pro 

vide a spark gap unit capable of fulfilling these require 
ments and which, more specifically, is adapted to inter 
rupt a comparatively heavy flow of power currents through 
the arrester following the passage of a surge to earth 
through the non-linear resistor blocks, while a further 
object is to provide a construction which involves sub 
stantially no deterioration of the spark gap as a result of 
its action in terminating the flew of power current through 
the gap. 

It has been proposed heretofore to utilise a ring-shaped 
magnet adjacent a circular gap structure for the purpose 
of imparting a circular motion to the discharge between 
the electrodes and thus preventing arcing being concen 
trated at one point of the peripheral gap, and a more 
specific object of the invention is to provide a compact, 
efficient and general improved construction utilising a 
permanent magnet adjacent the gap. 

... In accordance with the present invention a spark gap 
unit for a surge diverter or lightning arrester comprises 
electrodes disposed side by side in a relatively shallow 
chamber and a flat plate-like permanent magnet, opposite 
ly polarised on its two faces, is provided on each side of 
said chamber. In consequence of this arrangement a 
spark or arc initiated between said electrodes is drawn 
outwardly into the chamber and is thus rapidly cooled 
and quenched. 

In the preferred arrangement each gap unit comprises 
a number of arcing chambers arranged one above the 
other each having appropriate electrodes therein so as to 
form a multiple series gap, and the plate magnets are 
disposed alternatelv between the arcing chambers. A 
series of grading resistors and/or capacitors may also be 
provided connected electrically to the successive elec 
trodes so as to 1maintain a predetermined grading voltage 
between the successive gaps formed between the elec 
trodes. 
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2 
A plurality of discs of ceramic or other suitable mate 

rial may be assembled in facial contact, each of said discs 
having a depression on one face capable of forming an 
electrode chamber in conjunction with a similarly formed 
face of an adjacent disc, and, on the other face, a depres 
Sion adapted to form a chamber to accommodate a per 
mailent magnet in conjunction with the corresponding face 
of another similarly formed disc on the other side. 
One embodiment of spark gap assembly according to 

the present invention is shown by way of example on the 
accompanying drawing in which: 
FIG. 1 is a central longitudinal section of part of a 

spark gap assembly, taken on line - of FIG. 2, 
FIG. 2 is a section on the line EI-II in FIG. 1, 
FIG, 3 is a section on the line III-II in F.G. 1, 
FIG. 4 is a section on the line IV-V in FEG, 2, and 
FIG. 5 is a section on the line V-V in FIG. 2. 
In the construction illustrated on the drawing the gap 

unit is formed by the assembly of a series of heat resist 
ant discs 3 in facial contact. ese discs may be formed 
from an alumina-based ceramic or the material known 
under the trade name "Micalex.' Each disc is recessed 
on one face (shown in FIG. 2) to provide half of a 
shallow chamber 2, conveniently of four-lobed shape, 
and is recessed on its other face to provide one half of a 
chamber 3 of generally circular shape but with deep non 
recessed peninsular portions at diametrically opposite 
points. This chamber accommodates a permanent mag 
net 14 of generally circular shape with deep cut-outs as 
shown in FIG. 3, and of the same shape as the chamber 
i3; it will be noted that the magnets cover the whole 
area of the arcing chambers 2. 
The magnet 4 preferably consists of a ferrite because 

of the low permeability and high coercive force shown by 
such materials. The magnet is surrounded by a magnet 
shield 5 in the form of flanged metal pressings each 
fitting snugly within one half section of the chamber 3, 
two such shields thus completely enclosing each magnet 
14. One shield of each such pair has a web extending 
across the cut-out portions to form contact blades 16 
for the purpose explained hereinafter. Each of the mag 
nets is oppositely polarised on its two faces and adjacent 
magnets are arranged so that adjacent faces are oppositely 
polarised to provide a powerful field in the chambers 12 
capable of providing for rapid quenching of any spark 
or arc formed in said chambers. 
The face of each disc providing one half of the cham 

ber 2 embodies a raised rim portion 17 extending over 
half its peripheral span and a corresponding rebate 8 ex 
tending over the other half of the peripheral span and 
arranged so that when the discs are assembled the rim 
portion 17 of one disc fits to the rebate portion 8 of the 
adjoining disc and vice versa, as indicated on FIGS. 1, 
4 and 5. It will be seen that these inter-engaging rim 
portions and rebates provide registration and ensure a 
peripheral seal around the chamber 12 to prevent arc 
penetration. 
The general shape of the chamber 12 will be appreci 

ated from FEG. 2 from which it will be seen that four 
boss-like portions i9, 20 (i.e., parts co-planar with the 
meeting faces of the discs 8) define the four-lobe forma 
tion of the chamber, the peripheral parts of which are of 
tapered formation as clearly indicated at 21 on FIGS. 4 
and 5. These tapered portions are formed by sloping 
lands 22 defining the maximum dimension portions of 
the chamber and by chamfered walls 23 fianking the 
bosses 9 and 26. 
The chamber 2 houses a pair of electrodes 24, prefer 

ably of copper, of approximately triangular form, the 
actual spark gap being formed at the axis of the assembly 
between adjacent, suitably spaced end parts of the elec 
trodes. The electrodes are connected together in pairs 
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by means of connector members 25, as indicated for 
example in FIG. 1 of the drawings, so that all the spark 
gaps in the assembly are arranged in series. The mem 
bers 25 are preferably also of copper. 

Each of the ceramic discs. 8 is provided with at least 
one circular aperture 26 formed within at least one of 
the bosses 19 and preferably both of said bosses are 
provided with such apertures 26 as specifically shown 
on the drawings. On assembly of the discs these aper 
tures provide a tunnel or tunnels adapted to house a series 
of grading elements to ensure proper distribution of volt 
age across the several gaps. Conveniently, and as shown 
in the drawings, one of said tunnels serves to house a 
Series of non-linear resistor grading blocks 27, each of 
which is designed to be positioned between adpacent 
pairs of contact blades 16. The latter are provided with 
pressed out springy tongue members 28 adapted to pro 
vide electrical contact with the grading blocks 26, and, 
similarly, with an aperture bounded by springy tongue 
portions 29 adapted to engage the connecting members 
25 between adjacent pairs of electrodes. 
Where a second tunnel is formed this second tunnel 

is used to house capacitive grading elements which are 
arranged mechanically in the same way as the resistor 
grading blocks 27. Such capacitive grading elements 
may for example consist of rods of barium titanate with 
metallised ends. 
be utilised to house grading resistors 27 according to the 
desired operating properties. - 

Located centrally in each half section of the elec 
trode accommodating chamber 12 there is preferably 
provided a depression adapted to accommodate circular 
pole pieces 30 positioned in the immediate vicinity of the 
gap between the electrodes 24, which serve to concentrate 
the magnetic field at this point and thereby ensure that 
the arc formed between the electrodes moves outwardly 
at the earliest possible moment. 
These pole pieces 30 may consist of a ferrite high 

permeability material (such as the material known under 
the trade name "Ferroxcube"), and/or a high dielectric 
ceramic wafer, for example of barium titanate. It serves 
to pre-stress the gap area between the electrodes 24 and 
permits a low impulse ratio to be obtained for the gap. 

For certain applications or for certain ratings addi 
tional shields, for example of radio metal, may be accom. 
modated in the discs 8 beneath the magnets 14 and 
shields 15 in suitable shallow depressions. Such discs 
may be of generally elliptical shape with their major 
axes in the plane containing the connector member 25 
between adjacent pairs of electrodes. Such additional 
shields may consist of radio metal or similar high per 
meability material. - 

Further, in some cases the connector members 25 be 
tween adjacent pairs of electrodes may themselves be 
surrounded by magnetic shields consisting of sleeves of 
a suitable magnetic material such as soft iron or mild 
steel, which are insulated from the connector members, 
separate shields being for example disposed around the 
connector member 25 on the two sides of the contact 
spring 16 which is in electrical contact through the 
spring elements 25 with said connector member, the 
sleeves being insulated from the connector members, 
from the electrodes and from the contact springs. 

Since the permanent magnets 14 are oppositely polar 
ised on the two faces looking towards each chamber 13, 
any spark forming at the gap between the electrodes 24 
following the discharge of a surge current through the 
spark gap is subjected to a very intense magnetic field. 
The spark or arc initiated between said electrodes is 
drawn outwardly into the chamber 12 and is thus rapidly 
cooled and quenched. The pole pieces 30 concentrate 
the field as already indicated over the area of the ac 
tual gap between the electrodes 24 and assist in securing 
immediate displacement of the arc. The grading resis 
tors 27, in some cases in conjunction with the capacitive 

The two tunnels may, however, both 
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4. 
grading elements, ensure proper distribution of the voltage 
to the several spark gaps in series so as to maintain a pre 
determined voltage gradient between the successive gaps 
between the elctrodes. The shields 15 are formed of 
metal of good electrical conductivity to protect the 
magnets against heavy current surges, and have the ad 
ditional function of cooling the grading resistors and 
providing a pre-determined gap to gap capacitance so that 
by modification of the size of the members 15 it becomes 
possible to control the impulse spark-over characteristic 
of the gap assembly which is mainly determined by the 
distribution of capacitance along the assembly, and this 
distribution can be more readily controlled where capaci 
tive grading elements are provided as already indicated. 
What I claim is: 
1. A spark-gap unit for a surge diverter or lightning 

arrester comprising a plurality of heat-resisting insulating 
discs assembled in mutual contact, each disc having a 
depression of sinuous peripheral form on one face, pairs 
of said discs being placed with said depressions facing 
one another to form a shallow electrode chamber of 
sinuous peripheral form, opposed pairs of spark gap elec 
trodes in each electrode chamber and flat permanent 
magnets disposed on the faces of said discs opposite to 
said depressions respectively, said magnets being opposite 
ly polarized on opposite faces. . . . . m 

2. A spark gap unit according to claim 1 wherein cons 
nector members are provided between pairs of electrodes 
in, adjacent electrode chambers, said connecting mem. 
bers being engaged by springy finger portions bound 
ing an aperture in the contact blade formed by the web 
of the magnetic shields surrounding the magnets at the 
cut-away portions of said magnets. 

3. A spark gap unit according to claim 1, wherein 
said depressions are of plural-lobed form. 

4. A spark gap unit according to claim 1 comprising 
permanent magnets of generally circular form with dia 
metrically opposed deep cut-outs, said permanent magnets 
being housed in chambers formed between opposed pairs 
of discs opposite in each case respectively to the faces 
having depressions forming the electrode chambers, each 
depression comprising opposed pairs of peninsulae fitting 
the depressions in the permanent magnets. ... " . 

5. A spark gap unit according to claim 1, wherein 
each permanent magnet is enclosed by flanged shell-like 
conductive metal shields, each magnet being enclosed by 
two such shields. 

6. A spark gap unit according to claim 1 comprising 
flanged shell-like conductive metal shields enclosing each 
permanent magnet, each magnet being enclosed by two 
such shields, a web portion on one of said shields extend 
ing across the cut-out portions of each magnet, a series 
of voltage grading components located in tunnel-like 
housings towards the edges of said discs and contact 
blades formed in said web portions for electrical contact 
with said grading components. - 

7. A spark gap unit according to claim 1, comprising 
permanent magnets having diametrically opposed deep 
cut-outs, said permanent magnets being enclosed in cham 
bers formed in depressions in opposed pairs of said 
discs, peninsulae portions formed in said opposed depres: 
sions to fit within said opposed cut-outs on the permanent 
magnets, tunnel-like portions formed in said peninsulae 
to form a continuous tunnel throughout said discs, a 
Series of voltage grading components housed in said 
tunnel, shell-like conductive metal shields surrounding 
Said permanent magnets, said shields including a web 
portion extending across the cut-outs in said permanent 
magnets and intersecting said tunnel, successive grading 
components being disposed between adjacent pairs of said 
web portions, contact elements in said web portions in 
electrical contact with said grading components, cons 
necting means from the said electrodes passing through 
the discs for connection with adjacent electrodes in series 
order, said connecting means traversing the said webs 
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and electric contact means on said webs in engagement 
with said connecting means. 

8. A spark gap unit according to claim 7 wherein the 
grading components consist of grading resistors, suc 
cessive components of which are located in said tunnels, 
each component being disposed between the contact blades 
of the shields surrounding the permanent magnets So as 
to form a continuous path through the unit with inter 
mediate connection to the shields, and said shields being 
further connected electrically to connector members 
extending between the electrodes of adjacent gap units. 

9. A spark gap unit according to claim 8 wherein the 
contact blades are provided with springy tongue-like 
portions on both faces for engagement with the grading 
elements on both sides thereof. 

10. A spark gap unit according to clain 7, wherein 
said connecting means are surrounded by magnetic shields 
insulated both fron said connecting means and also from 
the electrodes and the contact elements. 

11. A spark gap unit according to claim 1 comprising 
pole pieces positioned within the electrode chainber adja 
cent the gap between opposed pairs of electrodes. 

12. A spark gap unit for a surge diverter or lightning 
arrester comprising a plurality of heating-resisting insu 
lating discs assembled in mutual contact, each disc hav 
ing a depression of sinuous peripheral form on one face 
aid a depression of circular configuration on the other 
face, said discs being assembled in opposed pairs to form 
a successive series of electrode chambers of sinuous pe 
ripheral form and a series of permanent magnet-receiving 
chambers of generally circular configuration, the elec 
trode chambers and the permanent magnet-receiving 
chambers being in alternating sequence, pairs of electrodes 
located in each electrode chamber, the pairs of electrodes 
being connected in series order by connecting means ex 
tending through the discs and flat permanent magnets 
disposed in said magnet-receiving chambers, said magnets 
being oppositely polarized on opposite faces of each of 
them respectively, whereas the mutually opposing faces 
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of adjacent pairs are oppositely polarized to provide a 40 
magnetic field transversely across the electrode chambers. 

13. A spark gap unit according to claim 12, wherein 

6 
each disc comprising half sections of the electrode cham 
ber and of the permanent magnet chamber respectively, 
are provided with a depending rim extending over half 
the periphery and a rebate extending over the other half 
of the periphery so that adjacent pairs of discs fit one to 
the other and provide a peripheral closure for the elec 
trode chamber. 

14. A Spark gap unit as claimed in claim 12, wherein 
each permanent magnet is provided with diametrically 
Opposed deep cut-outs, comprising peninsulae portions 
formed in each magnet-receiving chamber and fitting in 
Said deep cut-outs, conductive metal shields surrounding 
each permanent magnet said metal shields including web 
like portions extending across said deep cut-outs, voltage 
grading components located in openings in each disc, all 
Said openings coming into alignment to form a tunnel to 
receive said grading conponents, said grading compo 
nents being each positioned between adjacent pairs of 
Web potions, contact elements in said web portions in 
electrical contact with said grading components, con 
necting means between adjacent electrodes traversing said 
Web-like portions in electrical contact therewith and pole 
pieces fitted in said electrode chambers adjacent said 
electrodes. 

15. A Spark gap unit according to claim 7, wherein the 
grading components consist of grading capacitors, suc 
cessive components of which are located in tunnels, each 
component being disposed between the contact blades of 
the shields surrounding the permanent magnets so as to 
form a continuous path through the unit with intermedi 
ate connection to the shields, and said shields being fur 
ther connected electrically to connector members extend 
ing between the electrodes of adjacent gap units. 
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