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The present invention relates to excess-voltage pro-
tective devices, and particularly, but not necessarily, to
those which are utilized for the protection of long trans-
mission lines, or other lines or apparatus which are sub-
ject to excess-voltage surges of long duration.

One commonly used form of excess-voltage protective
devices- has been the valve-type lighining arrester, which
is capable of passing heavy discharge-current when im-
pressed with voltages in excess of the rated voltage of
the. pratective device, and which is capable of substan-
tially interrupting said discharge upon the return of rated
voltage-conditions. The valve-type element is normally
positioned intermediate the line-to-ground terminals, and
is normally out of circuit being separated from the
terminais. by means of one or more sets of spark gaps.
This material preferably comprises certain proportions
af silicon carbide, sodium silicate and silicon dioxide.

On flow of surge current, due either to a lightning
stroke or to a switching disturbance, a conducting path
is. momentarily established  through the arrester which,
in the ideal arrester, should be disrupted on termination
of flow. of surge current. In:this manner the arrester
simulates the-action of a valve which is opened. on occur-
rence: of an abnormal voliage on the system to permit
the flow of surge current to ground, but which is auto-
matically closed as scon as the excess voltage is dissipated.

It is the general practice tc provide valve-type: light-
ning arresters that are hermetically sealed from the- at-
mosphere.. Ordinarily the valve element does not generate
appreciable. amounts of gas, nor is there any detectable
chemical. change in- the valve element during: the dis-
charge of the surge current as long: as the lightning ar-
rester-is in. good operating condition. However, when a
lightning arrester- fails, much of the: valve material is
caused to. fuse, and the material is formed- into a con-
ducting path: of comparatively low resistance to flew of
power current. After the flow of surge current has
ceased, the resistance of the failed arrester is not restored
to ifs normal or substantially infinite resistance to flow
of current at power frequency, and a discharge or flow
of. power current: takes place through it. The fusion of
valve material. particles causes a chemical change in the
valve element with an accompanying sudden release of
copious amounts of gaseous products. Because of the

rigid seals. on the arrester, the sudden rise of pressure
may be high enough to.cause the housing of the arrester
to explode.

An. explosion of a high voltage line-type arrester is
generally much more severe than the explosion of the
smaller distribution-fype arresters, since the housing and
the seals of the line-type arresters are generally much
stronger than the - distribution-type arresters. Flying
porcelain from the exploded arrester may endanger per-
sonnel and' other nearby equipment.

1t is therefore an object of the present invention to
provide a pressure relief vent means for valve-type light-
ning arresters that is arranged to permit any gaseous
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products from certain chemical changes occurring: on
failure of a lightning. arrester to be vented from the ar-
rester to' prevent explosion from an accumulation of. the
products.

It is another object of the present invention to provide
a pressure relief vent means operatively associated with
an electrical disconnect means for a valve-type lightning
arrester for relieving any pressures created on production
of . gaseous: products  during chemical changes occurring
under a failure of said lightning arrester.

It is. a further object of the present invention to pro-
vide a- pressure relief vent means for a valve-type light-
ning arrester, which in its preferred form is of an ex-
plosive cartridge-type circuit interrupting means that is
in- series gap relationship. with.the characteristic valve
material ‘of the: arrester; and: which is- adapted to be ex-
ploded. on heating above a predetermined. temperature
caused by excessive current conditions due to failure of
said. valve material, and which will permit any gaseous
products occurring on failure to be released to atmosphere.

For. a more complete understanding of the nature and
scope. of the present invention reference may be had to
the: following detailed description,.taken in connection
with the accompanying drawings, in which:

Fig. 1.is an elevational view, partly in section, of a
valve-type. lightning arrester embodying the novel pres-
sure relief- venting means . operating in conjunction with
one terminal electrode of the arrester.

Fig. 2.is an enlarged fragmentary sectional view of
the lower. portion- of the valve-type arrester illustrated in
Fig. 1.

Fig. 3 is-a fragmentary sectional view of another em-
bodiment of the venting means.

Fig. 4-is’ a fragmentary. sectional: view of a further
embodiment of the venting means.

The lightning arrester, generally denoted by the ref-
erence. character A, is- of the conventional valve type,
and: is- preferably. mstalled for the protection of trans-
mission and distribution equipment. The valve-type ar-
rester comprises: a- tubular insulating’ housing 1 having a
plurality of spaced skirts or petticoats 2 intermediate its
ends. The pefticoats- act as a means for extending the
sparkover distance between terminals and provide a series
of water sheds and- dry areas in wet weather. The in-
sulating housing-1 is preferably of porcelain coated with
a uniform glaze, which facilitates self-cleaning when the
arrester is exposed to dirty atmospheres.

The bore of the tubular housing is packed with the con-
ventiona] characteristic valve element 3, which- may be
provided under‘the teachings of the Stoelting Patent No.
2,305,577, issued' Decémber 15, 1942. The valve-ele-
ment: generally comprises various proportions of a mix-
ture: of silicon carbide, sodium silicate and silicon di-
oxide. Each end of the valve element is preferably
coated with 2 metallic coating 4 to provide good electri-
cal contact with the spark gap. The spark gap assembly
is composed of a series of heavy, alloy disks 5 having hlgh
arc resistance. The disks are ssparated by ceramic
spacers (not shown) preferably with silvered faces, and
are mounted on and held in alignment by a steatite rod
7. The spark gap assembly is preferably divided into
two short sections, one of which is located at each end
of the housing. This construction gives great mechani-
cal strength and the ability to withstand the shocks of
shipping and handling. 1t is to be noted that like ref-
erence characters have been used for like parts in this
figure and also throughout the various other drawings.

The upper gap structure is held in position by con-
stant pressure from a coil spring 8 between the gap as-
sembly and: the electrode sealing cap- 9. Conducting,
radially spaced straps 10+ are provided to shunt the spring
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and provide positive electrical contact between the sealing
cap and the gap assembly.

An hermetic seal at each end of the arrester is pref-
erably made by compressing and ‘retaining an insulating
gasket 15 between the sealing cap -and the flanged end por-
tion of the housing 1. The upper end cap 16 is prefer-
ably of cast malleable ircn, and is cemented securely to
the housing to provide the means for mounting and mak-
ing electrical connections. Electrical connection is made
at the terminal lugs 13 with conventional terminal clamps
(not shown).

The lower end cap 20 is substantially identical to the
opposite cap 16, but is provided with radially spaced
vent openings 21, as shown in Figs. 2, 3, and 4 for pur-
poses hereinafter described. Terminal connections to
the lower cap 20 are made at the terminal lugs 22.

The preferred embodiment of the present invention will
be described with particular attention to Fig. 2, wherein
the lower electrode sealing cap 23 is provided with a cen-
trally located support 24 having an opening 25 arranged
to freely and slidably receive a plug electrode 26 having
a flanged portion 27 engaging a gasket member 28 inter-
posed between the flange 27 and the support 24. The
protruding end of the electrode 2¢ preferably is threaded
and engages the lower threaded end of a frangible tubular
insulating member 29. The member 29 may be made
of Bakelite or other insulating material adapted to rupture
under certain pressure conditions exerted within its bore,
as will be hereinafter described. The extremity of the
electrode 26 is recessed and bored to provide a hollow
portion 30 in which an explosive cap 31 is disposed. The
upper portion of the frangible member 29 is threadingly
engaged with a conducting electrode member 32 provided
with a circumferential lip portion 33 surrounding, and
spaced from, the portion 30 of the electrode 26. The
upper portion of the electrode member 32 is provided
with a peripheral flange 34 to receive the lower end of
the coil spring 8.

A resistor 35 is provided to divert a few milliamperes
of charging current which normally flows through the
gaps of the high voltage arrester. The resistor is elec-
trically connected to both the electrode 32 and elec-
trode sealing cap 23. Without this resistor the isolating
gap would be continually sparking-over and causing ob-
jectionable radio interference. The resistance is main-
tained sufficiently high in order that in the event of an
excess veltage surge a sparkover will occur between the
lip 33 and the portion 3% of the electrode 26 to divert
the surge current from the resistor under normal action
during an over-voltage condition.

Operation of the novel pressure release Ventmg means
is as follows:

If an excessively high current passes through the ar-
rester valve material, it may cause a breakdown of this
material and cause the granular particles to fuse, and
alsc bring about other collateral chemical changes. These
chemical changes under the influence of continuous cur-
rent flow provide reactions that often evolve copious
amounts of gaseous products that accumulate to create
relatively high pressure conditions ‘within the arrester
housing. The products probably include, in various
amounts, water vapor, carbon dioxide and carbon mon-
oxide. These products are not dangerous in themselves,
but do create forces within the hermetically sealed struc-
ture that will cause it to explode and endanger personnel
and nearby equipment. It has also been found that
gaseous products are evolved when valve elements, such

s silicon carbide, include other binders than sodium
silicate. ‘These products may be evolved at relatively
high pressures during failure of all types of valve ar-
resters, including those using conventional ceramic
binders.

There is a definite time lag period during which the
pressures are built up, and if properly vented, this pres-
sure may be discharged to the atmosphere before it may
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reach the danger point. In the past, there have been at-
tempts to provide venting by means of rupturable di-
aphragms and inherent weak structural sections in the
housing. Hewever, it will be apparent that such devices
only cperate after considerable time delay, and the pres-
sures built up during this delay might be of sufficient
force to cause damage on rupture of the diaphragms or
the housing.

The main advantage of the present devices lies in the
fact that the relief vent means is actuated by the excessive
follow current which flows through the arrester, and not
by the pressures that might be created. Thus, it is pos-
sible to vent the arrester before any of the high pressures
are developed. That is, under normal operation, assum-
ing that a surge to which the arrester is subjected is not
of such magnitude as to destroy the valve characteristics
of the valve element 3, then as soon as the line voltage re-
turns to normal, the valve element will reduce the flow of
current therethrough to a valve which will enable the
gap to break the arc and thereby interrupt current flow
through the arrester. However, occasionally surges oc-
cur on power lines which are of such magnitude as to
either destroy the arrester or change the valve character-
istics of the material. When the coordinated characteris-
tics of the gap assembly and the valve material have been
altered by excessive energy discharges, the arrester may
no longer be effective to interrupt current flow there-
through.

When the arrester is subjected to these damaging or
destructive surges or current flow, current passing between
the electrode lip 33 and the conducting portion 30 of the
electrode 26 will raise the temperature of the portion 30,
and the heat thus generated will be conducted to the
explosive cap 31. Current flowing over a predetermined
period of time will cause the temperature of the cap 31
to be raised sufficiently to explode the material in the
cap and the expanding gases will drive the cap out of the
portion 30 and rupture the frangible member 29. Upon
rupture, the electrode plug 26 will be displaced to break
the hermetic seal and provide a vent within the bore of
the tubular housing 1 through the support 24 of the seal-
ing cap 23. Thus, any gases created during this excessive
current flow will be vented through the opening 25 of
the cap 23 and out the vents 21 of the base portion 20,
where they will be discharged to the atmosphere.

Another embodiment of the present invention is dis-
closed in Fig. 3, wherein the novel pressure release venting
means takes the form of a current responsive low melting
alloy joint.  In the embodiment of Fig. 3, the housing of
one of the arresters is again hermetically sealed by means
of the electrode sealing cap 23 and the gasket 15 mounted
in a lower end cap 20. The end cap 20 is again provided
with radially spaced vent openings 21. This cap 23 is
formed with an integral support 24 having a centrally lo-
cated opening 25.

The opening 25 is normally hermetically sealed by
means of a resilient gasket member 40 interposed be-
tween the support 24 of the electrode sealing cap 23 and
the headed portion 41 of the plug electrode 42 seated in
the opening. The plug electrode 42 has a portion ex-
tending within the opening and normally engaging an
intermediate electrode 43. The plug electrode 42 and
the intermediate electrode 43 are joined by means of a
low melting alloy joint 44, and are biased towards sepa-
ration by means of a coil spring 45. A tubular insulat-
ing housing 46, which may be of Bakelite, is positioned
to rest on the support 24 of the cap 23 and is threaded
at its upper end to receive an upper electrode 47 making
contact with the straps 10 and the spring 8. Vent ports
48 are provided in the wall of the housing 46.

It is again advisable to provide a resistor 49 between the
electrode members 47 and 43 in order to dissipate the few
milliamperes of current which are normally discharging
in the arrester, and would otherwise interfere with radio
reception.
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The embodiment of Fig. 3 operates in substantially
the same manner as described in connection with the em-
bodiment of Figs. 1 and 2. That is, under normal op-
eration, assuming that a surge to which the arrester is
subjected, is not of such magnitude as to destroy the
valve characteristics of the valve element, then as soon
as the line voltage returns to normal, the valve element
will reduce the flow of current therethrough to a value
which will enable the gap to break the arc and thereby
interrupt current flow through the arrester. However,
on surges that might be of such magnitude, or of such
current value, that would either destroy the arrester or
change the valve characteristics of the material, the
arrester may no longer be effective to interrupt current
flow therethrough.

The destructive current flow passing failed arrester to
the upper electrode 47, the resistor 49, the intermediate
electrode 43; the alloy joint 44 and to the plag electrode
42, will raise a temperature of the joint 44 to cause it to
melt. Inasmuch as the plug electrode 42 is biased to-
wards separation from the intermediate electrode 43 by
the coil spring 45, the plug electrode 42 will be displaced
from the position shown in Fig. 3 to break the hermetic
seal and expose the bore of the housing 1 to the atmos-
phere through the opening 25 and the vent openings Z1.
Any gases that might be created by chemical changes in
the valve element subsequent to excessive current flow,
will be vented through the ports 48 to be discharged to
atmosphere.

Siill another embodiment of the present invention wiil
be described with particular reference to Fig. 4, wherein
a fragmentary sectional view discloses the lower end por-
tion of the arrester. The present embodiment utilizes a
tempered glass which is critically responsive to heat, and
which will shatter or disintegrate into many pieces losing
its compressive strength. More particularly, the plug
electrode 380 is inserted in the opening 25 of the sup-
port 24 of the electrode sealing cap 23, and threadingly
engages the lower portion of the insulating glass member
51. The glass member rests on a resilient gasket 52,
which also acts to provide a hermetic seal for the interior
of the housing 3. An upper electrode member 53 thread-
ingly engages the upper portion of the glass member 51
and. makes electrical contact with the piug electrode 58
through a resistor 54 interposed therebetween. A cush-
ioning gasket 55 is positioned between the upper elec-
trode 53 and the glass member 51. ‘

The operation of the embodiment of Fig. 4 is sub-
stantially identical to the operation of the previously de-
scribed embodiments. That is, on flow of current in ex-
cess of predetermined value, the temperature of the elec-
trodes 50 and 53 will be caused to increase, and this con-
tinual rise will cause the high tempered glass to shatter.
The lower plug electrode 50 will then be displaced to
provide a vent through the opening 25 and the electrode
sealing cap 23. Thus, any gases created during flow of
this excess current through the valve material, will be
caused to be discharged fo atmosphere through the vent
openings 21 in the end cap 20.

Highly tempered glasses of the nature described are
well known in the glass industry, and can be tempered
in such fashion as to shatter when heated under cer-
tain conditions. The resistor 54 is again inserted to
divert the few milliamperes of charging current normal-
ly flowing through the gap, and which might otherwise
be the cause of objectionable radio interference.

It is to be noted that although each embodiment of
the novel pressure relief vent means is disclosed as being
asscciated with one particular sealing cap, it is within the
scope of the present invention to provide such means for
either end of the arrester, or at both ends if preferred
(not shown).

Although the pressure relief vent means has been de-
scribed to operate in combination with valve-type ar-
resters having spark gap assemblies preferably positioned
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at both ends of the arrester, it will be apparent that the
device. may be readily applied to arrester constructions
where the gap assembly is located at a single end. The
device is also applicable to arresters having the gap ele-
ments disposed between axially spaced valve element
portions (not shown). The arrester housing of such
structures would naturally have to be vented to permit the
gases to escape to atmosphere.

Arresters have been known to fail due to increased
pressure interiorly of the housing caused by the force
of the arc alcne traveling in a tightly constricted space,
usually between the element and the insulating housing.
This pressure naturally needs to be vented for safe op-
eration of the arrester. The present pressure relief vent-
ing means, as described, will permit an immediate re-
lease of such pressure responsive to the excessive current
flow substantially simultaneous with the striking of the arc:

Tt wili be apparent that there has been provided by
the present invention a novel pressure relief vent means
in combination with a conventional valve type lightning
arrester that will provide an immediate discharge of gases
occurring with the housing of a failed lightning arrester
simultaneously with the occurrence of that failure, in
order to prevent an accumulation of gases that would
otherwise cause a damaging explosion with consequent
destruction to personnel and nearby equipment.

¥ claim:

1. In a lightning arrester comprising a tubular insu-
lating housing having a bore, valve material contained
within said bore and being capable of evolving gaseous
products under pressure during predetermined current
conditions, at least one set of gap electrodes, and a pair
of spaced-apart terminal caps, at least one of said caps
defining an opening therein, the combination with an
hermetic seal for said housing bore, a pressure relief
vent means operatively associated with said one of said
terminal caps and comprising a plug-like member seated
against the outside of said opening in sealing relation
with said one cap, and having a portion extending in-
wardly through said opening, means within said housing
exerting tensicn on said inwardly extending portion to
maintain a sealing relation between said plug-like mem-
ber and said opening, a fast-acting thermal responsive
actuator independent of said releasable electrode and in-
stantly responsive to current due to subnormal resistance
of said valve material to suddenly release the tension on
said inwardly extending portion to effect removal of said
plug-like member from its sealing engagement with said
one terminal, whereby said gaseous products may be dis-
charged to the atmosphere.

2. In a lightning arrester comprising a tubular insu-
lating housing having a bore, valve material contained
within said bore and being capable of evolving gaseous
products under pressure during predetermined current
conditions, at least one set of gap electrodes, and a pair
of spaced apart terminal caps, at least one of said caps
defining an opening therein, the combination with an
hermetic seal for said housing bore, a pressure relief
vent means operatively associated with said one of said
terminal caps and comprising a plug-like releasable elec-
trode member normally seated in said opening in releas-
able sealing engagement with said one terminal cap to
complete said hermetic seal and having a portion ex-
tending inwardly through said opening, means within
said housing exerting tension on said inwardly extending
portion to maintain the sealing relation between said
plug-like member and said opening, a stationary elcc-
trode in electrical connection with said gap electrodes,
said electredes teing in insulating relationship to pro-
vide a gap, a resistor in shunt relationship with said gap,
and a thermal responsive actuator independent of said
releasable electrode and responsive to current due to
subnormal resistance of said valve material including an
explosive cap operatively associated with said last-men-
tioned electrode to effect release of the temsion on said



9,777,005

7
inwardly extending member responsive to said predeter-
mined current conditions, whereby said gaseous products
may be discharged to atmosphere.

3. In a lighting arrester comprising a tubular insulating
housing having a bore, valve material contained within
said bore and being capable of evolving gaseous products
under pressure during predetermined current conditions,
at least one set of gap electrodes, and a pair of spaced
apart terminal caps, at least one of said caps defining
an opening therein, the combination with an hermetic
seal for said housing bore, a pressure relief vent means
operatively associated with said one of said terminal
caps and comprising a plug-like releasable electrode mem-
ber normally seated in said cpening in releasable sealing
engagement with said one terminal cap to complete said
hermetic seal and having a portion extending inwardly
through said opening, means within said housing exerting
tension on said inwardly extending portion to maintain
the sealing relation between said plug-like member and
said opening, a stationary electrode in electrical connec-
tion with said gap electrodes, said electrodes being in
insulating relationship to provide a gap, a resistor in shunt
relationship with said gap, and a thermal responsive actu-
ator independent of said releasable electrode and respon-
sive to current due to subnormal resistance of said valve
material including a friable member operatively associated
with said last-mentioned electrode to effect release of the
tension on said inwardly extending member responsive
to said current conditions, whereby said gaseous products
may be discharged to atmosphere.

4. In a lightning arrester comprising a tubular insulat-
ing housing having a bore, valve material contained with-
in said bore and being capable of evolving gaseous prod-
ucts under pressure during predetermined current condi-
tions, at least one set of gap electrodes, and a pair of
spaced apart terminal caps, at least one of said caps de-
fining an opening therein, the combination with an her-
metic seal for said housing bore, a pressure relief vent
means operatively associated with said one of said ter-
minal caps and comprising a plug-like releasable electrode
member normally seated in said opening in releasable
sealing engagement with said one terminal cap to com-
plete said hermetic seal and having a portion extending
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inwardly through said opening, means within said housing
exerting tension on said inwardly extending portion to
maintain the sealing relation between said plug-like mem-
ber and said opening, a stationary electrode in electrical
connection with said gap electrodes, said electrodes being
in insulating relationship to provide a gap, a resistor in
shunt relationship with said gap, and a thermal responsive
actuator independent of said releasable electrode and
responsive to current due to subnormal resistance of said
valve material including a highly tempered friable glass
member operatively associated with said last-mentioned
electrode to effect release of the tension on said inwardly
extending member responsive to said current conditions,
whereby said gaseous products may be discharged to at-
moesphere.

5. In an excess-voltage protective device including an
insulating housing, spaced apart electrodes, and valve ma-
terial, the combinaticn with an hermetic seal for said
housing comprising a closure member in sealing relation-
ship with said housing and defining an opening therein,
a releasable plug-like member normally seated in said
opening in sealing relationship with said closure member
and outwardly movable towards venting position, a ther-
mal responsive actuator for said plug-like member re-
sponsive to predetermined current conditions in said valve
material and including a highly tempered friable glass
member retaining said plug-like member in sealing rela-
tion, said glass member being operatively associated with
said plug-like member to effect the removal of said plug-
like member from the opening in said closure member
thereby venting said hermetic seal on occurrence of said
predetermined current conditions causing at least a por-
tion of said glass member to disintegrate.
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