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spacer to define a gap distance between the opposing
faces of the electrodes and the second electrode has a
plurality of grooves cut in its upper and lower surfaces
to define a pattern of grooves and plateau areas.

13 Claims, 4 Drawing Figures
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ELECTRIC OVERVOLTAGE ARRESTERS WITH
: IMPROVED ELECTRODE DESIGN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to an application for:
METHOD FOR FUSING :CARBON ELECTRODES
AND INSULATING SPACERS USED IN ELECTRIC
OVERVOLTAGE ARRESTERS. This application is a
continuation of application Ser. No. 866,656, filed Oct.
15, 1969 and now abandoned

BACKGROUND OF THE INVENTION

This -invention: relates to electric overvoltag‘e‘ ar-
resters, often. called . electrical: surge - protectors or

lightning arresters, which are used-to protect telephone

and other electrical transmission: lines against the con-
sequences of serious in-line: voltage:surges. More par-
ticularly, this: invention concerns carbon: electrode,
spark gap type arresters that permit predetermined ex-
cess voltage surges to be discharged to ground.
Normally, such spark gap. arresters have a_valve
characteristic that permits them to function both as
non-conductors under normal voltage conditions and
as' conductors. under -high' voltage: conditions. Thus;
when a high voltage surge, such as a lightning surge, is
applied 'to a transmission line, the spark gap permits
surge currents to flow. to. ground. After the surge has
passed .and normal line voltage is restored, however,
the spark gap serves to insulate the line from ground to
prevent leakage current through the arrester to ground.
Typically, the-properties of effective carbon elec-
trode, spark gap arresters include: high currentcarrying
capablhty, closely controlled firing or breakdown volt-
ages, firing voltages independent of environmental con-
_ditions, such as temperature,. humldlty and altitude, fast
firing times, and. repeated surge capability or long life.
Often, however, surface deficiencies resulting in the
carbon: electrode -elements:of spark gap type arresters
after repeated firings make such arresters short-lived,
e.g., an average of 30 to 40 firings before failure on.ar-
resters tested- in.accordance:-with R.E:A. standards, and
thus, such arresters do not provide: the high reliability
needed in telephone protective service. Additionally,
the mode of failure for many spark gap arresters:.is
“non-safe” in the sense that the arresters fail in a-per-

manently open-circuited manner in contrast with the:

preferred short circuiting failure between the arrester
electrodes, which insures continued protection to the
transmission:line:

Although arrester failures can.occur in a vanety of
ways, it has been found that two prime reasons for such
failures-are humidity effects on the carbon electrodes
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and ‘actual physical breakdowns in. the electrode sur-

faces which occur after repeated firings, The detrimen-
tal effect of humidity on the electrodes.results when in-

adequate ventilation' between :the -electrode surfaces -

causes water droplets to form on the electrodes during
periods of changing atmospheric:pressure and tempera-
ture. Furthermore, it has been observed that surface
eruption and cratering in-the carbon:electrodes; which
cause an-upheaval and fissure of the-electrode surfaces,

frequently result from repeated: firings over:a long

period of time.
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SUMMARY OF THE INVENTION

According to this invention, a highly reliable, spark

gap type electric overvoltage arrester. capable of
receiving repeated. voltage “surges over - extended
periods of time is provided for use in telephone line
protective equipment. The general configuration of
one form of the overvoltage arrester includes: a hous-
ing, a pair of spaced carbon electrodes, an annular in-
sulating spacer within the housing, and an assembly
carried by the housing to hold “the electrodes and
spacer within the housing.
" A series of firing tests conducted on overvoltage ar-
resters -has  shown that the problems of venting and
electrode surface eruption and cratering can be ob-
viated and. that the life of such. arresters can be mar-
kedly extended by placing a predetermined pattern of
grooves on the surfaces of one or both of ‘the spaced
electrodes. The. desired reduction in surface eruption
and cratering has been observed to result only when a
specific arrangement of grooves.and plateau areas are
used on.the electrode surfaces.

More particularly, and in accordance with this inven-
tion, one of the electrodes is recessed within the annu-

-1ar insulating spacer to define a gap distance between

the -opposing faces of the electrodes and the- second
electrode has a plurality of grooves cut in its flat upper
and lower surfaces. These grooves define a pattern of
grooves and plateau areas; it has been found through
extended significant that the ratio of each plateau area:
in the pattern to the combined groove area and plateau
area is significnt to obtaining repeated surge capability.
Currently a ratio within the range of 0.35 to 0.65 is
preferred.

In another embodiment of this mventmn the surface
of the carbon. electrode recessed within the insulating
spacer, and defining a gap space with the opposing face
of the second electrode surface, also has a plurality of
grooves in its surface. These grooves define a pattern of
plateau areas and grooves in which the ratio of each
plateau area in:the pattern to the.combined groove area
and plateau area is likewise important to obtaining re-
peated surge capability. Typically, a ratio in the range
0f 0.55 t00.70 is presently preferred.

The grooved surfaces on the second carbon elec-
trode alone or on both the second carbon electrode and
the.-electrode recessed within the insulating spacer
vastly improve the repeated surge capability and usea-
ble life of arresters assembled from the: electrodes, e.g.,
arrester life of 190 to 200 firings before failure.as tested
in accordance with R.E.A. standards. It is currently be-
lieved. that one reason.for the unusually high reliability
and repeated. surge capability of the overvoltage ar-
resters of this invention .is -the additional ventilation
which takes place between the opposing faces of the
electrodes as-a result of their grooved surfaces. This
added venting allows expanded ‘gases resulting from
electrical discharge across the gap and disembodied
carbon particles .from the electrode surfaces to be-
cleared away from the gap. Moreover, the use of par-
ticular groove.depths in relation to the gap distance
between the: electrodes provides sufficient -ventilation
between: the electrodes. to inhibit the formation of
moisture in the gap during periods:of: changing at-
mospheric pressure and temperature.
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Finally, the grooved surfaces on the electrodes of this
invention also provide a significant reduction in surface
eruption and cratering on the electrodes after repeated
firings. Thus, the use of particular grooved patterns on
the electrodes serves both to increase the repeated
surge capability, reliability and life of arrester units as-
sembled from the electrodes and to make such arrester
units particularly useful in telephone line protective
equipment. .

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate several exam-
ples of the embodiments of this invention.

FIG. 1 is an end elevational view of one form of the
electric overvoltage arrester of this invention;

FIG. 2 is a bottom plan view of the electric overvolt-
age arrester; ’

FIG. 3 is a longitudinal sectional view through the
overvoltage arrester showing the pair of carbon elec-
trodes and insulating spacer with a spring and basket
assembly holding the electrodes and spacer within the
outer housing;

FIG. 4 is an exploded perspective view of the over-
voltage arrester showing the grooved surface patterns
for one of the electrodes and showing the second elec-
trode recessed within an annular insulating spacer.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, the overvoltage ar-
rester of this invention comprises an outer housing 10
shown in FIGS. 1 and 3 which is used as a body member
to carry the other elements of the arrester assembly
Housing 10 is composed of a metallic, cylindrical-
shaped body and is closed at one end by means of a cap
11. The opposite end of the cylindrical housing is open
so as to receive the working components of the ar-
rester. In addition, the capped end of housing 10 is pro-
vided with threaded portion 12 to allow the arrester to
be adapted for use in larger electric overvoltage protec-
tive units. -

The electrode and spacer components of the arrester
are held within housing 10 by means of spring 14 which
applies a slight bias to brass basket 15 when it is placed
within the housing. Basket 15 is adapted to receive
metallic disc 17, electrodes 18 and 19, and. insulating
spacer 20 within the plurality of tongues 16 which sur-
round the bottom portion of the basket. When the
basket is inserted within housing 10, the plurality of
tongues 16 are slightly compressed so that the elec-
trodes, metallic disc and insulating spacer are firmly
held within the housing. Similarly, when it is desired to
remove basket 15 from the housing, the tongues 16 are
depressed and the basket is pulled from the housing.
Consequently, the arrester components can be quickly
assembled or replaced by merely removing basket 15
from the housing. '

The pair of electrodes used in the arrester is
preferably a carbon disc-shaped electrode 18 and a
cylindrical, rod-shaped carbon electrode 19 recessed
within annular insulating spacer 20 to define a gap
distance 21 between the electrodes. Metallic disc 17
merely serves as an electrical connecting means
between disc electrode 18 and basket 15. Since metal-
lic disc 17 bears against one surface of disc electrode
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18 and annular insulating spacer 20 bears against the
opposite face of the disc electrode, it can be seen that
the gap distance 21 between the electrodes is -deter-
mined by the distance that cylindrical electrode 19 is
recessed within insulating spacer 20. The position of
the cylindrical electrode in the insulating spacer is
established during manufacture and is fixed by means
of a bonding composition which secures the electrode
to the spacer 22. One end of cylindrical electrode 19
extends beyond the lower edge of insulating spacer 20
and is conveniently arranged for electrical connection
to the line or ground. .

Attention is directed to the plurality of grooves 23
cut in the flat upper and lower surfaces of disc-shaped
electrode 18 which define a pattern of grooves 23 and
plateau areas 24. The purpose of the grooves is to pro-
vide a space for ventilation between the disc electrode
18 and rod electrode 19, to reduce the degree of elec-
trode surface eruption, i.e., the upheaval and fissure of
the disc-shaped electrode surface, and to increase the
repeated surge capability and life of the assembled ar-
rester. As shown in FIG. 4, a rectangular pattern of
plateau areas 24 and grooves 23 is normally used in
disc-shaped electrode 18. However, it is understood
that other arrangements of grooves and plateau areas
would also be suitable for use in the electrodes of this
invention. The four smaller plateau areas 24, as con-
trasted with larger plateau areas 2§, are typically ar-
ranged to coincide with the corresponding surface area
of cylindrical electrode 19 whlch forms the spark gap
with disc electrode 18. '

Repeated performance tests have shown’ that the use
of particular groove patterns on the disc-shaped elec-
trode reduce the rate at which surface eruptions, and
consequently, arrester failures occur after repeated
firings of the electrodes. One explanation for this im-
proved repeated surge capability of the overvoltage ar-
resters of this invention is that the pattern of grooves
and plateau areas in the disc-shaped electrode reduce
surface eruptions which appear as a result of high sub-
surface pressures caused by local heat build up in the
region of the discharge arc between the electrodes. In
addition, the pattern of grooves provides an area to dis-
sipate the expanding gases resulting from electrical
discharge across the gap and provides recesses for any
disturbed or disembodied carbon particles created by
the discharge. Thus, the -grooves also allow venting or
movement of discharge debris during operation of the
arrester.

The size and spacing of grooves 23 and plateau areas
24 are determined by the evaluation of test results for
arrester firing performance and by the structural limita-
tions of the disc-shaped electrode. A suitable parame-
ter used in defining the size and depth of grooves 23
and the size of plateau areas 24 is the ratio of each in-
dividual plateau area (Am) in the pattern to the com-
bined groove area (Ag) and plateau area (Am) where
groove area is defined as the area from the center line
of each groove adjacent to the plateau area to the edge
of each plateau area. Thus, for example, if the width of
grooves 23 shown in FIG. 4 is. 30 mils and the dimen-
sions of each square plateau area 24 is 50 mils X 50
mils, then each plateau area is 0.0025 inch? and the
combined groove area and plateau area is 0.0064 inch?.
Consequently, the ratio of each individual plateau area
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to the combined.groove area and plateau area (Am/Am
+ Ag) is 0.0025 over 0.0064, or approximately 0.39.
The desired ratio of plateau area to combined groove
area and plateau area is in the range of about 0.35
0.65. It has.been found, for example, that nearly a five-
fold increase in arrester life can be accomplished by
using a patterned disc-shaped . electrode, having a
plateau area to combined groove area and plateau area
ratio of about 0.35 to 0.65, and a flat smooth surfaced
cylindrical electrode.

"While the desired ratio of each individual plateau
area to the combined groove area and plateau area
(Am/ Am+ Ag) permits a determination of the relative
size and spacing of grooves 23 and plateau areas 24 in
disc-shaped electrode 18, it does not allow one to
determine the exact size and number of individual
plateau areas desired on the electrode surface. This
latter determination can be made from an empirical
analysis of firing tests carried out on the arresters. It has
been observed, for example, that craters are formed on
the cylindrical, rod-shaped electrode after repeated
firings. Since this cratering effect appears to be a con-
sequence of electrode - polarity, crater formation in-
evitably occurs on the more positive electrode, which
in this instance is rod-shaped electrode 19. Moreover,
it'is observed that crater diameter for any environment
can be expressed as a function of the magnitude of the
discharge current, electrode gap distance and electrode
composition.

Firing tests carried out on arresters having non-pat-
terned disc-shaped electrode and rod-shaped electrode
surfaces showed a recurring formation of craters hav-
ing diameters of 40 mils. Subsequent tests using disc-
shaped electrodes having patterned surfaces showed
that arrester life could be vastly improved when:the size
of plateau areas 24 on the disc-shaped electrode- ap-
proximate the diameter of the craters formed on the
rod-shaped electrode. More specifically and as a result
of the firing tests, it is presently preferred that the
plateau size be set so asto define ratios of plateau width
to crater diameter ranging from about 0.50 to 1.50.
Thus, for example, the plateau width for the disc-
shaped electrode used in the present invention is
preferably about 20 to 60 mils, e.g., corresponding to
plateau width to crater diameter ratio of about 0.50 to
1.50 (20/40 to 60/40), since the observed crater
diameter is 40 mils. It should be understood, however,
that the width of plateau area 24 also defines its length,
since the plateau area is square shaped.

With these factors in mind, therefore, one can first
determine the crater sizes which recur on the rod-
shaped electrode surface and then define the range of
plateau widths based on the preferred plateau width to
crater diameter tatio:of 0.50 to 1.50. Finally, the spac-
ing of grooves and plateau areas can be determined by
the preferred range of 0.35 to 0.65 for the ratio of each
individual plateau area to combined groove area and
plateau area. Thus, empirical test firing results for any
arrester can be used to define the pattern of grooves
and plateau areas on the disc- shaped electrode.

The desired depth of grooves 23 in disc-shaped elec-
trode 18 is determined by striking a balance between
the minimum depth necessary to assure adequate vent-
ing between opposing electrode surfaces and the max-
imum allowable depth required to insure the structural
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integrity of the disc-shaped electrode. Consequently, it
is presently preferred that the desired groove depth be
at least three times greater than gap distance 21
between the opposing faces of the electrodes to assure
adequate venting and not greater than the width of the
grooves for structural reasons. Thus, if the groove
width is 30 mils, or 0.03 inch, and the gap distance
between the electrodes 6.6 mils, or 0.0066 inch, then
the groove depth is at least 20 mils but not more than
30 mils.

The 51gn1ﬁcance of the use of a spec1fic pattern of
grooves and plateau areas on the flat surfaces of the
disc-shaped electrode is illustrated by arrester firing
tests comparing the effects of grooved versus non-
grooved disc-shaped electrodes on arrester life and per-
formance. A disc- shaped electrode having a (Am/ Am
+ Ag) ratio of 1.0, i.e., no grooves, is used for compara-
tive purposes. A pattemed disc-shaped electrode hav-
ing a (Am/.Am+ Ag) ratio of 0.8 offers a moderate im-
provement over arresters using a non-grooved elec-
trode because narrow grooves do not permit adequate
ventilation between the electrode surfaces. In addition,
such patterned electrodes are difficult to fabricate. A
patterned disc-shaped electrode having a (Am/ Am +
Ag) ratio of 0.65 shows some improvement over non-
grooved electrodes but is likewise difficult to fabricate.
However, a patterned disc-shaped electrode having a
(Am/ Am + Ag) ratio of 0.39 offers substantial im-
provements in arrester life as compared to non-grooved
electrodes, and is both readily fabricated and struc-
turally sound. When a patterned electrode ‘having a
(Am/ Am 4+ Ag) ratio of 0.01 is used in an arrester,
however, arrester life is reduced by comparison to non-
grooved electrodes. Moreover, a patterned electrode
with a (Am/ Am + Ag) ratio of 0.1 is extremely fragile
and impractical to fabricate.

It can be seen therefore, that the relative size and
width of the grooves and plateau areas used on the sur-
face of disc-shaped electrode 18 significantly effect the
repeated surge capability of overvoltage arresters. In
addition, the use of specific groove patterns reduces
both the amount of surface eruption and damage in the
disc-shaped electrode and the probability of current
leakage from line to ground through the arrester.

Although it is not necessary to score the recessed
surface of cylindrical, rod-shaped electrode 19, it is .
sometimes - desirable to use a pattern of grooves and
plateau areas on the rod-shaped electrode as well as the
disc-shaped electrode to further improve the repeated
surge capability of the arresters. However, in some in-
stances, the use of a patterned surface on the cylindri-
cal electrode increases the number of arrester failures
by open-circuit which, of course, is undesirable. When
the surface of cylindrical electrode 19 is grooved to
define a pattern of grooves and plateau areas, it is
desired that the ratio of each plateau area to the com-
bined groove area and plateau area is about 0.55 to
0.70. For structural and fabrication reasons, the depth
of grooves used in the surface of the cylindrical elec-
trode should not exceed 1.5 times the groove width.
Thus, for example, an electrode having a groove width
of 6 mils should not have grooves which exceed a depth
of 9 mils. The use of grooved surfaces on the cylindrical
electrode tends to reduce the instances of crater forma-
tion on the electrode surface. In determining the size
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and spacing of the grooves on the electrode surface, it
is desirable that the size of the plateau areas approxi-
mate the size of the craters formed on the electrode
surface. Since the results of firing tests on specific ar-
resters showing a recurring crater size, 40 mils in
diameter, appearing on the cylindrical electrode sur-
face, it is desirable that the plateau width on the elec-
trode surface be about 20 to 60 mils (e.g., plateau
width to crater diameter ratio of about 0.50 to 1.50).

When a non-patterned, smooth surfaced cylindrical,
rod-shaped electrode is used in the overvoltage arrester
of this invention in combination with a pattern disc-
shaped electrode, it is noticed that a slight groove pat-
tern corresponding to the pattern on the disc-shaped
electrode will begin to appear on the cylindrical elec-
trode after repeated firings across the spark gap. The
advantages of a pre-patterned cylindrical electrode are
minimized, therefore, because a patterned effect tends
to naturally arise after repeated arrester firings.

In fact, the observed cratering or erosion effect on
the rod-shaped electrode corresponding to the pattern
on the disc-shaped electrode makes the flat-surfaced,
non-patterned, rod-shaped electrode in combination
with the patterned disc-shaped electrode the preferred
arrester assembly of this invention. The formation of
craters on the rod-shaped electrode corresponding to
plateau areas 24 on the disc-shaped electrode is un-
derstandable, of course, when it is realized that
discharge will occur only on those areas of the rod-
shaped electrodes which correspond to the plateau
areas in the disc-shaped electrode. Therefore, extended
arrester life can be accomplished by using a patterned
disc-shaped electrode and a non-patterned rod-shaped
electrode.

In a suitable embodiment of this invention, a pair of
spaced electrodes are used in which the disc-shaped
electrode has a diameter of 0.315 inch and the cylindri-
cal electrode has a diameter of 0.173 inch. In addition,
the disc-shaped electrode has a rectangular pattern of
grooves and plateau areas on its flat upper and lower
surfaces as shown in FIG. 4, while the surfaces of the
cylindrical electrode are non-patterned. A groove
width of 0.03 inch and groove depth of 0.02 inch are
- used in the rectangular pattern. In addition, the dimen-
sions of the four square plateau areas are 0.05 X 0.05
inch. .

Firing tests conducted on arresters assembled from
such electrodes showed that the average life of the ar-
resters was on the order of 190 to 200 strikes or more
as compared to about 30 strikes for arresters using non-
patterned disc-shaped electrodes. Firing tests carried
out on similar arresters showed that a desirable range
for the groove widths used in the disc-shaped electrode
are about 10 to 30 mils and that a desirable groove
depth, measured by the sum of the groove depths on
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both surfaces of the electrode, should not exceed 30 -

percent of the total electrode thickness. Likewise, it
was observed during firing tests carried out on arresters
using patterned surfaces on both the disc-shaped and
cylindrical electrodes, that the cylindrical electrode
groove depths in excess of 10 mils resulted in a high
percentage of open-circuit failures while groove depths
between 6 to 9 mils resulted in improved repeated
surge capability with reduced failures by open circuit.
We claim:
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1. An electric overvoltage arrester for protecting
telephone and the like equipment from voltage surges
transmitted by lines associated with such equipment,
comprising a housing, a pair of spaced electrodes, an
insulating spacer separating said pair of electrodes, said
housing including means for maintaining said pair of
electrodes and said insulating spacer in assembled rela-
tionship, said insulating spacer being disposed relative
to said pair of electrodes to orient opposing faces of
said pair of electrodes in predetermined spaced rela-
tion to define an air gap between said opposing faces of
said pair of electrodes, at least one of said electrodes
having a plurality of grooves in at least one of said op-
posing faces to define a pattern of grooves and plateau
areas, the ratio of each plateau area in said pattern to
the combined groove area and plateau area being 0.35
to 0.65.

2. An electric overvoltage arrester. as defined in
claim 1, wherein the grooves in said one electrode have
a depth of at least three times said gap distance
between opposing faces of said electrodes.

3. An electric overvoltage arrester as defined in
claim 2, wherein the size of said plateau areas is defined
by the diameter of craters formed in the surface of the
other of said pair of electrodes and wherein the width
of said plateau area to said crater diameter is 0.50 to
1.50. .

4. An electric overvoltage arrester as defined in
claim 1, wherein the surface of the other of said pair of
electrodes has a plurality of grooves defining a pattern
of grooves and plateau areas, wherein the ratio of each
plateau area in said pattern to the combined groove
area and plateau area is 0.55 t0 0.70.

5. An electric overvoltage arrester as defined in
claim 4 wherein said grooves in the surface of said
other electrode have a depth not in excess of 1.5 times
the width of said grooves.

6. An electric overvoltage arrester.-as defined in
claim 5, wherein said means comprises a basket having
a plurality of projecting tongues to surround and hold
said electrodes and said spacer within said housing.

7. An electric overvoltage arrester as defined in
claim 5, wherein said other electrode is a cylindrical
carbon electrode, recessed within said insulating
spacer, and said one electrode is a disc-shaped elec-
trode, the grooves in said disc-shaped electrode having

.a depth of 10 to 30 mils and the grooves in said cylin-

drical electrode having a depth of 6 to 10 mils.

8. In an electric overvoltage arrester having a hous-
ing, a pair of spaced carbon electrodes having a gap
space between them, an insulating sleeve disposing said
electrodes in spaced apart relationship to define an air
gap, and said housing including means for holding said
electrodes and said sleeve in assembled relationship,
the improvement comprising one of said electrodes
being a generally disc-shaped electrode and the other
being a generally cylindrical electrode spaced from said
disc-shaped electrode, said disc-shaped electrode hav-
ing substantially flat upper and lower surfaces, the
lower surface of which faces said cylindrical electrode
and contains a plurality of grooves which define a pat-
tern of grooves and plateau areas, the ratio of each
plateau area in said pattern to the combined groove
area and plateau area being 0.35 to 0.65, and said
grooves in said disc-shaped electrode having a depth of
10 to 30 mils. .
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9. An electric overvoltage "arrester as defined in
claim 8, wherein said.cylindrical electrode has a sur-
face which forms the gap with the lower surface of said
disc-shaped electrode and which has a plurality of
grooves defining a pattern of grooves and plateau
areas, the ratio of each plateau area in said pattern to
the combined groove area and mesa area being 0.55 to
0.70 and the depth of said grooves being 6 to 10 mils.

10. An electric overvoltage arrester comprising a
housing, a pair of spaced carbon electrodes, an insulat-
ing spacer separating said electrodes, and means car-
ried by said housing for holding said electrodes and said
insulating spacer within said housing, said insulating
spacer being disposed relative to said pair of electrodes
to orient opposing faces of said pair of electrodes in
predetermined spaced relation to .define an air gap
between said opposing faces of said pair of electrodes,
at least one of said electrodes having a plurality of
grooves in at least one of said opposing faces to define a
pattern of grooves and plateau areas, the ratio of each
platean area in said pattern to the combined groove
area and plateau area being 0.35 to 0.65.

11. In an electric overvoltage arrester of the type in-
cluding a housing in the interior of which are disposed a
hollow insulating spacer, a first carbon electrode
disposed within the spacer, and a second carbon elec-
trode disposed adjacent one end of the spacer with the
first and second electrodes having opposed surfaces
spaced from each other to define an air gap disposed
within a closed chamber defined by the spacer and first
and second electrodes, the opposed surface on the
second electrode being disposed adjacent the said one
end of the spacer, the improvement comprising a plu-
rality of grooves in the opposed surface of the second
electrode forming a pattern of individual planar plateau
areas separated from each other by the grooves, and
cooperating structures on the spacer and the second
electrode defining passage means placing the chamber
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_containing the air gap in communication with the in-

terior of the housing, said cooperating structures in-
cluding at least two spaced ones of said grooves ad-
jacent opposite edges of the second electrode forming
spaced projections resting on the end of the spacer and
larger than the plateaus, portions of said spaced
grooves extending across the end of the spacer to
define the passage means and placing the chamber con-
taining the air gap in communication with the interior
of the housing at points spaced around the air gap.

12. An electric overvoltage arrester comprising a
housing having an open end, a hollow insulating spacer
having first and second ends and disposed within the
housing with the first end adjacent the open end of the
housing, a first carbon electrode disposed within the
spacer with one end of the first electrode sealed in the
first end of the spacer and with the other end of the first
electrode spaced below the second end of the spacer, a
second carbon electrode disposed adjacent and closing
the second end of the hollow spacer so that the hollow
spacer and the first and second electrodes define a
closed chamber, said other end of the first electrode
and the area of the second electrode adjacent the
spacer having opposed surfaces spaced from each other
to define an air gap within the closed chamber, and a
plurality of grooves in the opposed surface of the
second electrode forming a pattern of individual planar

plateau areas separated from each, other- by the
grooves, at least one of the grooves having a portion ex-

tending transversely across a part of the second end of
the spacer to form passage means placing the closed
chamber containing the air gap in communication with
the housing. )
13. The arrester set forth in claim 12 in which
pairs of transversely extending grooves intersect at a
point above said second end of the spacer to form
the passage means.
* * * * *



