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Qur invention iz an improved elsciric protec-
tive device or lightning arrester having a housing
containing an elestrode which, in use, iz al line
botential; an electrode, which, in use, is nor-
mally at ground potential; and an intermediate
electrode: the Iatter being air spaced from the
line electrode to form an isolating gzap, and
spaced from the grounded electrode by a con-
strieted are slot or slots formed by walls of 2 pro-
tector fube. Such walls generate the deionizing
gases when subjected to the action of an are and
constitute the characteristic element of the ar-
rester for Suppressing the flow of follow current
10 ground after the discharge of 2 surge due to
lightning or transient abnormal voltage.

The stresses to which such devices are sub-
jected in operation usually render desirable the
encirclement of the protector tube with a metal
sleeve connected elecirically with the grounded
electrode and whish acts as an electrostatic
shield to provide low spark over of the discharge
baths through the are slot between the inter.
mediate electrode and the grounded electrode,

We have foung that failures of such arresters
oceasionally oceur after the interruption of
discharge of surge current as a result of flash-
over of dynamic or system current through g
shunt air path from the line electrode, around
the protecior tube to the grounded electrode or
the conducting sleeve connected therewith. Such
flashovers oceur despite the fact that such shunt
air path is considerably longer than the total
of the arcing distances hetween the isolating
gaps and through the arc slot and that dynamie
or system current does not are across. either of
such arcing distances excepting when the air be-
tween the electrodes has been ionized by a dis-
charge of surge current. The dynamic or Sys=
tem current does not flashover through the shunt
air path excepting during a discharge to ground
initiated by a surge current or during the cycles
immediately following the suppression of a dis-
charge initiated by a surge current,
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Discharges of dynamic current tg ground -

through the characteristic element are satis-
factorily suppressed by the deionizing effect and
Pressure of the gases generated by the action of
the arc on the walls of the characteristic ele-
ment, But the flashover through the shunt air
path around the characteristic element is not
always Suppressed, barticularly when the shunt
flashover occurs immediately after the suppres-
sion of the flow through the characteristic ele-
ment at or about a current. zero, :

We have found that shunt flashavers or “re-
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strikes™ are particularly Iikely to ocour under
circuit conditiong which develop high magni-
tudes of short cireuit current, especially at low
bower factor, and where voltage conditions are
such that a relatively high voltage may exist at
a time of current zero and upon the suppression
of the flow through the characteristic element,

ur observations ingdicate that such shunt
fiashovers or “restrikes” result irom a continued
emanation of ions from metallic paris within the
housing, and barticularly from the electrode a3
line potential, even after arcing over the isolat-
ing gap and through the are sics of the char-
acteristic element hag ceased. Such continued
emanation of iocus abpear to resulj from either
thermal or eleetrostatic conditions during or fol-
lowing the Suppression of the are across the iso-
lating gap ang across the are slob of the char-
acteristic element, and when such ions are suffi-
ciently concentrated they form a conducting
path between an element or elements at line
potential and an element or elements at ground
potentizal, with g resultant flow of dynamic cur-
rent to ground and explosion of the arrester,

In aecordance with our invention, we preclude
the formation of a conducting path of Ccon-
centrated ions, in the space surrounding the
characteristic element, hetween any conducting
element at line botentisl ang any conducting
element at ground potential. Tha Interruption
of any such path of concentrated icns may pe
effected in various ways, as, for instance, by
venting, eooling and obstructing such lons and
completely shielding therefrom by insulation all
grounded conducting clements in ths space he-
tween the insulating wall of the charscteristic
element ang the insulating wall of the housing.
Preferably, however, the ionized gases are sub-
divided ang deionizeg by the interpesition af
fibrous strands between the region of the isgo.
lating air gap and any conducting element Cotl~
nected with the ground terminal, ang the de-
lonized gases are then discharged from the hous-
ing through g vent. Sueh fibrous strands are
Dreferably of vitreous materig) matied or inter-
laced together fo form 2 poroug resilient fabrio
or bat Containing g multitude of rastricteg
tortuous paths in which the ionized goses may
diffuse ang in which they are cocled and de-
ionized before contacting any grounded member
and before theiy discharge from the arrester
housing,

The vitreous fibres are preferably magteg to-
gether in laysrs to form a pat which may be

wrapped around the outer wall of the profecior
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tube so as to cover and insulate all grounded
conducting parts and fill the space between the
protector tube and the arrester housing with a
compressible resilient mass permitting any requi~-
site slight expansion of the protector tube dur-
ing a heavy discharge.

The principles of our invention, and the best
mode in which we have contemplated applying
such principles will further appear from the fol-
lowing description and the accompanying draw-
ings illustrating a preferred embodiment of our
invention,

In the drawings,
tional view of an illustrative form of lightning
arrester or protective device embodying our in-
vention; Fig. 2 is a detached, fragmentary per-
spective view of the characteristic element for
suppressing a normal follow current arc and pre-
venting formation of a shunt arc around the
characteristic element; Tig. 3 is a transverse sec-
tional view taken on the line 3—3 of Fig. 1; Fig.
4 is a plan view of a fragmentary section of the
porous, fibrous bat preferably used to trap, in-
terrupt and deionize gases otherwise tending to
facilitate the formation of & shunt arc around
the characteristic element; and Fig. 5 is an en-
larged, partly broken away, perspective view of
the cylindrical conductor shown ab the bottom
of Fig. 2.

The lightning arrester shown in the drawings
as an empodiment of our invention, comprises an
external housing composed of a hollow, cylin~
drical, wet-process porcelain body { and a porce-
1ain plug 2 glazed into the top of the kody. The
boitom of the housing is countersunk to form a
seat 3 for the flanged edge & of a conducting cup
5 which may be provided with a hollow depending
terminal boss 6 for the attachment of a ground
7. The cup 5 is secured against the seat 3 by &
plastic seal 8 and non-plastic cement §.

Fig. 1is a longitudinal sec-
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A characteristic element or & protector tube

is operatively associated with the ground terminal
ang includes a cylindrical shell {¢ naving its end
threaded into the threaded cup 5. The shell 16
is encircled, exteriorly, by a steel, seamless, re-
inforcing sleeve or shield t4 which may be staked
to the cup 5 and is therethrough connected to the
ground. The sleeve {1 projects along the shell
{0 part way to the top 12 of an intermediate
electrode extending downward within, and seal-
ing the top of the tube {9.

in accordance with our invention, the space
petween the inner wall of the body { and the
cuter walls of the conducting sleeve i and most
of the length of the non-conducting hard fibre
shell i is filled by a porous, non-hygroscopie,
non-absorbent, compressible, fibrous fabric 138
which is lapped around the sleeve and shell above
the flanged edge 4 of the cup § and effectively
traps ionized gases and prevents their passage
toward the grounded members 5§ and 1.

The fabric i3 preferably comprises a bat com-
posed of loosely matter layers of resin-impreg-
nated glass fibers, knowi commercially as “Aerc-
cor,” and forming a multitude of restricted, tor-
tuous pores Or passages which trap and retard
the movements of ionized gases while they are
cooled and deionized by contact to the glass
fibres. The porosity and compressibility of the
bat 13 permits slight expansion of the shell i2
under the pressures built up therein and allow
for expansion of such gases as may be formed
within the housing.

The lapped bat may be prevented from un-
wrapping by the adhesive tapes §3'.
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A cylindrical conductor {4 is seated and
grounded on the cup § within the shell {8 and
has a peripheral wall {2 containing the counter-
sink 8 at the upper end thereof and diametral
slots {7 which communicate, through an aper-
ture {9 in the bottom of the electrode, with a dis-
charge passage 28 through the terminal boss 8.

A hard fibre tube 2{ is mounted on the knifs
edge of an annular electrode 22 seated in the
countersink {6 of the ring {4 and is centered
thereby in spaced relation to the inner wall of
the shell {8.

A rubber gasket is seated on top of the tube
21 and supports the Hanged top 28 of the elercent
24 of the intermediate electrode. A hard fibre
core 95 is suspended by a screw 31 from the mem-
ber 24 concentrically within the tube 2f and
slightly spaced from the inner wall thereof.

The tubes {6 and 2! and the core 25, or some
of these parts, are formed of hard fibre or horn
fibre or contain boric acid or other suitable gas
generating substances activated by arcs between
the respective electrode msmbers 24 and 28§ and
the grounded electrode 22.

The concentric cylindrical arc slobs formed be-
tween the spaced members {4, 12 and 25 are pref-
erably of unegqual lengths: the inner slet being
of smaller cross-sectional area and being the
shorter. 'This tends to divert impulses of steep
wave fronts to the outer and longer arc slot and
to divert heavy currents of slower rising steep-
ness to the inner, shorter arc slot. The concen-

ricity of the walls forming the concentric arc

slots results in gas generating areas which are
. 1arge relatively to the lengths of the slots of the

arrester. The diffusion of the arc or arcs over &
large ares minimizes the charring or pitting of
the gas generaling surfaces, and is of particular
value in preventing seif destruction unger dis-
charges involving current magnitudes of very
high order because of the multiple paths prin-
ciple.

The constricizd slots and gas generating walls
form effective means within the shell i8 for sup-
pressing  an arc formed by the discharge of a
surge and the flow of follow current thereafter,

The member 26 of the idtermediate electrode is
conductively connected with the member {2
thereof by a conducting tube 32 which is tele-
scoped over the boss 33 of the member 28 and
over the boss 35 of the member {2 within the
tube i8. There is no communication permitting
the movement of gas from within the tube {6 o -
the space between this tube and the interior of
the housing i or vice versa. .

A conducting plug 36, seated in the member
12, and an electrode 37, carried by the end closure
2, form an isclating gap 88 normeally isolating
the arc suppressing elements of the arrester from
line but providing 2 path to ground for impulse
surges due to lightning or other transient abnor-
mal voltages.

The electrode 37 has & threaded shank &8
which passes through an aperture in the closure.

~ 2 and the joint between the shank and closure

is sealed by the washers 48, 42 which are squeezed
by the head of the electrode §7 and line terminal
43 when the line terminal is screwed onto the
shank.

A wire clamp 45 may be provided for gripping
the line conductor inserted into the aperture £8.

The space between the interior of the housing
{ and the protector tube 18 is ventilated through
ventilating apertures &1 through the flange 4 and
the cement 8 and 9. )
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-The arrester may bs mounted in any suitable’
Fosition adiacent to a circuit to ke protected by
a metal bracksat 59 encircling the housing 1 inter--

mediate the ends of the reinforecing sleeve if;
the bracket 53 being spaced from the line termi-
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nal of the arrester by the corrugated area 51 of
the surfase of the housing 1 to avoid external
fiashovers,

When a surge of iightning or other transient
nigh potential slectrie disturbance reaches the
section of the line with which the line terminal
43 is conneacteq, it is discharged across the iso-
lating gap 38, through the member {2, conducior
32, electrodes 28 and 24, through one or both of
the are slois, elesirode 22, cup 5 and ground ter-
minal § o ground. The ares through the arc
slots "guickly generates large volumes of de-
ionizing gas, which extinguishes the are main-
tained by follow current, generally at or before
the next zero point of the cycle of the alternating
dynamie current, The generated gas is expelied
from the are slots through the slots 1T and pas-
sages 1§ and 28, away from the ground conduc-
tor 1.

Alr in the upper or line end of the housing,
ionized by electrical and thermal conditions
accompanying and immediately following the
operation of the airester, is diffused through the
icn frap formed by the long and tortuous paths
of the bat 2 hafore contacting any grounded
conducting element. The zir in such paths is
normially of low ionic content and of high elee-
trical resistivity. Movement of ionizes air from
the Interior of the lne and of the housing to any
cther area is delayed; as it diffuses through the
trap it is mixed with the un-ionized air therein
and its ion concentration is reduced, and further
deionization is effected by processes of cooling
and recombination. The final result of these
three actions is that as equalization of air pres-
sures within the housing proceeds, deionized
hon-conductive air replaces relatively highly ion-
ized conductive air that otherwise would flow
along the path between the line and ground ele-
ments and to the vent 47. There is thus no tend-
ency for external fHashovers between the mem-
bers 38 or 37 and the grounded shield {} and
complete cut off by the arrester is maintained
after the suppression of the follow current arc
through the are slot.

While the loosely matied, porous bat of glass
fibres constitutes the best mode in which we have
contemplated applying the prineiple of our inven-
tion of interposing an effective barrier to any
bath of concentrated iong from an element at
line potential to any element at ground Dbotential,
our invention is not necessarily limited to such
specific embodiment as g barrier may he formed
by completely covering all exposed surfaces of
grounded elements within the space between the
tubes | and {{ with insulation, or by housing all
ion emausating elements within gz fine metallic
screen acting on the Davy lamp principle to ccol
and deionize the ionized gases before they have
traveled far from the ion emanating elements, or
by venting ionized gases adjacent to the ion
emanating elements and interposing a non-con-
ducting diaphragm between all ion emanating
elements and all grounded conducting elements
which have exposed surfaces in the space between
the tubes { and i, Such modificationg are,
however, deemed by us less desirable for general
use than the glass fibre bat hereinbefore de-
scribed.

Having described our invention, we claim:
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-1, A lightning arrester comprising an insulat<
ing housing; a line terminal assembly including
an electrode in said housing and at line potential
when in use; an intermediate assembly includ-
ing a fiber tube within and spaced from the in-
terior periphery of said housing and also includ-
ing en electrode co-acting with the firsi named
electrode to form an isolating gap; a ground ter-
minal assembly including an electrode comple-
mentary to and spaced from said second named
electrode and also including 4 grounded con-
ductor in the space hetween said fAiber tube and
the interior periphery of said housing ang re-
enforcing said tube; said second named electrede
projecting into said tube such distance that the
sum of the flash-over distances across said iso-
lating gap and between said second and third
named elsctrodes is less than the flash-over
distance through said space from said first named
electrode to the nearest part of the ground ter-
m.nal assembly, and said housing having an
aperiure venting said Space without passage
through said tube of ions emanating from said
gap electrodes; and g barrier to the Tformation
of any ion path connecting either of said gap
electrodes with said ground terminal assembly
through said space.

2. A lightning arrester comprising an insulat-
ing hous.ng; a line terminal assembly including
2 gap electrode in said housing; an intermediate
asseinbly including a tube within ang spaced
from said housing and having an electroge in
operative relation to said electrode first hamed;
& ground terminal assembly having an electrode
in operative relation 0 sald intermediate ag-
sembly and a grounded conducting sleeve en-
circling said tube in the space between said tube
and housing; and a barrier to the formation of
an ion paih through said space between said
sleeve and gap electrodes and comprising a po-
rous, insulating fibrous fller.

3. A lightning arrester comprising a housing
having a line terminal and g ground terminal,
an intermediate assembly including g brotector
tube operatively associated with said ground ter-
niinal and having walls forming a restricted are
slot and electrodes rositioned to permit arcing
through said slot, electrodes forming an isolating
air gap between saig brotector tube and said line
terminal, angd strands interposed between said
isclating air gap and said ground terminal and
Co~acting to sub-divide and deionize gases
ionized by an arc across said isolating gap and by
emanations from the electrodes thereof,

4. A lightning arrester comprising a housing
having a line terminal and a ground terminal,
an intermediate assembly including a protector
tube operatively associated with said ground ter-
minal and having walls forming a restricted are
slot and elecirodes Lositioned to permit arcing
through said slot, a metallic sleeve encircling
said protector tube and electrically connected
with said sround terminal, electrodes forming an
isolating air gap between said protecior tube and
line terminal, g porous fabric interposed hetween
said isolating air gap and said sleeve and sub-
dividing and deionizing gases ionized by an are
across isolating air gap and by emanations from
the electrodes thereof.

5. A lightning arrester comprising 8 housing
having a line terminal angd a ground terminal and
containing a vent, an intermediate assembly in-
cluding o protector tube operatively associated
with said ground terminal and comprising walls
forming restricted are slot and electrodes posi-
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tioned to permit arcing through said slot, elec-
trodes forming an isolating air gap bhetween said
protector tuke and said line terminal, and a
porous fabric interposed between said isolating
air gap and said vent and sub-dividing and
deionizinz gases ionized by an arc across said
isolating gap and by emanations from the elec-
trodes thereof and flowing toward said vent.

8. A lightning arrester comprising a housing
naving a line terminal and a ground terminal, an
intermediate assembly including a protector tube
operatively associated with said ground terminal
and having walls forming a restricted arc slof
and electrodes positioned to permit arcing
through said slot, electrodes forming an isolating
air gap between said protector tube and said line
terminal, and a bat of vitreous fibres surrounding
said protector tube and deionizing gases ionized
by sn arc across said isolating gap and by
emansations from the electrodes thereof.

7. A lightning arrester comprising an insulat-
ing housing containing an electrode member
which, in use, is normally at line potential; con-
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ducting members, including a second electrode,
which, in use, are normally ab ground potential;
a third electrode intermediate sald electrodes and
having a portion forming, with the first electrode
member, an isolating gap; an arc suppressive ele-
ment operatively associated with said second
electrode and with a portion of said third elec-
trode and spaced from the interior of said hous-
ing; and a barrier to the formation of a con-
centrated ion path around said element from
any member at line potential to any member at
ground potential.
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