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UNITED STATES PATENT

Re. 22,504

OFFICE

22,504
LIGHTNING ARRESTER

Ralph H. Earle, Wauwatosa, and Alwin G. Stein-
mayer, Milwaukee, Wis., assignors to Line Mate-
rial Company, South Milwaukee, Wis., a cor-

poration of Delaware

Original No. 2,165,964, dated July 11, 1939, Serial
No. 72,734, April 4, 1936, which is a continua-
tion of Serial No. 716,244, March 19, 1934. Ap-
plication for reissue January 17, 1944, Serial

. No. 518,656
3 Claims.

Our invention relates generally to lightning
arresters and it has particular relation to light-
ning arresters for protecting transmission lines
operating at g frequency of 60 cycles or less.

This application is a continuation of our ap-
plication Serial No. 716,244, filed March 19, 1934.

In order to protect an electrical] power trans-
mission system from abnormal voltages due to
lightning and switching disturbances, surge ar-
resters are provided. The arresters are con-
nected between the transmission line conductors
and ground in order to drain off the excess volt-
ages caused by these disturbances. The ideal
arrester will immediately relieve the system of
any abnormal voltage by providing a conducting
path to ground through which current can flow
but which will not permit the flow of power cur-
rent under normal operating conditions at nor-
mal line voltage. That is, during normal oper-
ating conditions the arrester offers a substan-
tially infinite resistance to the flow of power cur-
rent at the system voltage but on the occurrence
of an abnormal voltage caused by lightning or
switching disturbances, the resistance of the ar-
rester becomes such that it provides a path to
ground through which the surge current can flow
until the voltage causing it has been dissipated;
at which time, however, power current is not per-
mitted to flow.

A typical lightning arrester for distribution
systems comprises a spark gap assembly arranged
to be conmnected in series circuit relation with
valve material that offers a comparatively high
resistance to the flow of current. "An arrester,
comprising the series connected spark gap as-
sembly and valve material, is connected between
each of the transmission conductors and ground.
The valve material may comprise silicon carbide
in various forms, either granular or in blocks,
or it may comprise lead peroxide pellets which,
upon heating, become coated at their contact
points with litharge. Various other types of valve
material may also be used. : :

Tt has been customary in the construction of
lightning arresters in the prior art to provide
them with an opaque housing of ceramic mate-
rial such as porcelain around the spark gap as-
sembly and valve material. The housing serves
as & frame for supporting the arrester element as
a unitary structure and permits mounting of the
arrester on a pole or transmission fower for con-
nection to a transmission conductor.

On flow of surge current, due either to a 'light-
ning stroke or to a switching disturbance, a con-
ducting path is momentarily established through
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the arrester which, in the ideal arrester; as stated
hereinbefore, should be disrupted on termination
of flow of surge current. In this manner the ar-
rester simulates the action of a valve which is
opened on occurrence of an abnormal voltage on
the system to permit the flow of surge current
to ground but which is automatically closed as
soon as the excess voltage is dissipated.  If the
valve does not close or the conducting path is
not disrupted, then power current of normal line
frequency may flow, causing an undesirable leak
or power loss and also destroying the effective-
ness of the arrester for protecting the system
against flow of power current after a succeeding
abnormal voltage condition.

The flow of surge current through the arrester
due to abnormal voltage caused by a lightning or
a switching disturbance takes place only during
an infinitesimally short time. Ordinarily, the
surge current will flow only during a few micro-
seconds. However, the amount of current which
flows may be relatively great and in many cases
it is enough to destroy the arrester entirely or
to crack the porcelain housing. In such case the
customary casual inspection will reveal the fail-
ure of the arrester and it may be replaced with
a new one. :

In many instances, however, the flow of surge
current is not enough to totally or even par-
tially destroy the arrester or its housing, but
it may be sufficient to fuse some of the particles,
forming -the valve material, into a conducting
path of comparatively low resistance to flow of
power current. After the flow of surge current
has ceased, the resistance of the arrester is not
restored to its mormal or substantially infinite
resistance to flow of current at power frequency,
and a slight discharge or flow of power current
takes place through it. When an arrester is op-
erating under these conditions, it should be re-
placed, since it no longer is capable of inter-
rupting the flow of power current after a surge
breaks down the gap. The next surge may cause
the arrester to become fully grounded, thereby
possibly causing a short circuit on the system,
necessitating the operation of circuit breakers or
fuses to clear the fault.

The continued flow of power current through
the path rendered conducting by the surge cur-
rent and across the spark gaps, causes the ar-
rester to function somewhat in the manner of a
spark gap radio transmitter. The transmission
line acts in this case as the antenna of a radio
transmitter. Although the radiating power of

such a transmitter may be comparatively slight,
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still considerable interference with radio recep-
tion results, particularly in those instances where
radio receivers are operated in the vicinity of the
power line. The radio interference may be suf-
ficiently severe 'to totally prevent the reception
of any broadcast program or radio communica-
tion,

When arresters of the prior art are employed
using opaque housings of porcelain or the like,
it is not possible to determine whether or not
they have failed to this extent without a careful
examination and testing of each arrester. ‘This
means that a periodic examination of the ur-
resters must be made and a test conducted to
determine their resistance or a succeeding surge
must be awaited to completely destroy the ar-
rester or cause it to ground the system. Even
when the arrester has been grounded, unless it

is fractured in some manner by the flow there-
through of surge or power current, it may he dif-

ficult to ascertain the exact location of the fault,
Under such conditions it may be necessary to dis-
connect a large number of arresters which are in
proper operating condition in order to isolate the
particular arrester that has failed.

The object of our invention, generally stated, is
to provide a surge arrester for transmission lines
of commercial frequency which shall be simple
and efficient in operation and which may be
readily and economically ~manufactured, in-
stalled and inspected.

The principal object of our invention is to pro-
vide. for visually indicating that a surge arrester
on.a power line has failed.

An important object of our invention is to pro-
vide for visually indicating the flow of power cur-
rent through a path in a lightning arrester ren-
dered conducting by a lightning discharge.

_ Still another object of cur invention is to pro-
vide for rendering visible from any point the
light emitted on flow of power current from a
Path in a lightning arrester rendered conducting
by a lightning discharge.

A more specific object of our invention is to
provide a lightning arrester comprising spark
gap and valve material assemblies with a housing
of light transmitting material, whereby the light
emitted on flow of power current through a path
in. the valve material rendered conducting by a
lightning discharge, will be visible.

Other objects of our invention will in part he
obvious and in part appear hereinafter.

Our invention accordingly is disclosed in the
embodiments hereof shown in the accompanying
drawings and it comprises the features of con-
struction, combination of elements and arrange-
ment of parts which will be exemplified in the
constructions hereinafter set forth, and the scope
of the application of which will be indicated in
the appended claims.

For a more complete understanding of the na-
ture and scope of our invention, reference may
be had to the following detailed description, taken
in connection with the accompanying drawings,
in which—

Figures 1, 2 and 3 illustrate, diagrammaitically,
different circuit connections for lightning arrest-
ers as applied to commercial power distribution
systems;

Figures 4 and 5 show curves which illustrate

certain operating characteristics of a power dis-
tribution system on application thereto of light- -
ning or switching disturbances;

Figure 6 is a view, in side elevation, of a light-
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ning arrester constructed in accordance with out
invention;

Figure 7 is a sectional view showing the in-
terior- details of construcl;lon of our novel light-
ning arrester; -

Figure 8 is a dlagrammatxc v1ew showmg dif-
ferent operating conditions of a lightning arrest-
er on flow therethrough of surge current; and

Figures 9, 10 and 11 are views showing differ-
ent types of faults which may occur in lightning
arresters as a result of the application to a trans-
mission system of lightning or switching surges.

-As a result of a careful study of the results of
lightning and switching disturbances on a power
system having connected thereto lightning ar-

‘resters for drammg off the abnormal voltages,

we have discovered that the discharge takes
place in the arrester, in most instances, along
the inner periphery of the housing surrounding
the spark gap assembly and valve material. That
is, on the occurrence of a.comparatively light
surge, the discharge ‘takes place through the' ar-
rester and, on termination of flow of surge cur-
rent, the condition of the .arrester is restored to
its normal condition .to offer a.. substantially. in-
finite resistance to:-the flow of ‘power  current
therethrough. . On the occurrence of an excep-
tionally heavy or extremely high surge voltage, a
surge current of such appreciab_]e value may flow
through the arrester that it is:destroyed or the
housing is cracked, so.that the arrester is ef-
fectually destroyed.. A large. number of surges
occur, however, - between these two values, the
current in each of which is sufficient to damage
the arrester but is not great enough to destroy it
or even to crack the housing so as to entirely
clear the line of the arrester, - We have observed
that it is this type of dlscharge which takes place
generally along - the. inner wall or periphery of
the housing surrounding the spark gap assembly
and valve material. - This discharge is sufficient,
in many instances, to fuse together a number of
the particles forming the. valve material, so that
a path of comparatively low res1stance is formed
in the arrester, thereby lowering its resistance
and permitting the flow therethrough of a slight,
amount of power current .at. power frequency
from the transmission line. .

Since the resistance of the arrester under
these conditions, still remains at a comparatively
high value, only a .small amount of power cur-
rent will flow therethrough - However, _ this
amount of current constitutes a leak from the
power system and, in ﬂowmg between the elec~
trodes of the spark gap assembly, generates os-
cillations of radio frequency which tend to inter-
fere with radio reception in :the vicinity of the
power line. A more serious objection, however,
is that the effectiveness of the arrester for pro-
tecting the transmission. line from outages
caused by the flow of power current after static
surges pass through the arrester, is largely de-
stroyed. Therefore, an arrester which is operat-
ing under these conditions should at once be
removed from the system .and replaced with a
new arrester in- proper operating condition.

While it is comparatively easy to inspect a
transmission line and note arresters that have
completely failed due to the excessive flow of
current therethrough causing. their destruction,
it is difficult, if not. impossible, .to detect the ar-
rester that has only partially failed and which
constitutes a slight leak in the insulation of the
transmission line from ground.. This is due to
the fact that it has been the practlce in the past
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o house the spark gap and valve material as-’

emblies in an opaque housing of porcelain or
:he like through which it is, of course, impos-
sible to see from the exterior, and likewise
through which it is impossible for light rays to
be transmitted, caused by current flowing along
paths In the arrester that have been rendered
conducting by lightning or switching surges.

In order to provide for readily inspecting light-
ning arresters as installed on a transmission line
without making a detailed examination and test,
we have dispensed with the customary opadque
porcelain housing and have substituted therefor
a housing of relatively thick light-transmitting
material such as glass, and preferably of a heat-
resisting type which may be purchased in the
open market under the name of “Pyrex.”
commercial product known as “Pyrex” has a very
low coefficient of expansion and a high melting
point. Since the fiow of power current along a
path rendered conducting by a lightning dis-
charge generally takes place along the inner
surface of the glass housing, light rays emanating
therefrom are readily visible through the glass
housing and, as a result, it is a simple matter
to determine by inspection, even when the ob-
server is some distance away from the arrester,
that it has failed and that it should be replaced.
Moreover, the housing of glass is made compara-
tively thick, so that light rays emanating from
along a path at one side of the arrester will be
visible from any point thereabout, due to the
reflecting characteristics of the glass wall of the
housing.

In order to illustrate in more detail the various
applications of our novel lightning arrester to
power systems of 60 cycles or less, certain circuits
are illustrated in the drawings. These circuits
are typical of the distribution circuits which it is
the present day practice to use for distributing
electric power for domestic and industrial pur-
poses.

Referring now particularly to Figure 1 of the
drawings, it will be observed that a 3-phase
transformer, shown generally at 15 is provided,
having a delta connected primary winding 16
which may be connected for energization to a
source 171 of alternating current, such as a 60
cycle generator. The transformer 15 is provided
with a star connected secondary winding 18, the
terminals of which may be connected through
disconnecting switches 9 to energize transmis-
sion line conductors A, B and C. The neutral
point 20 of the secondary winding 18 is grounded
at 21, as illustrated. Since each phase of the
secondary winding 18 is arranged to have 2300
volts impressed thereacross, a voltage of 4000
volts appears between each of the conductors A,
B and C, as illustrated.

In order to provide for connecting the high
voltage conductors A, B and C to a secondary
distribution system for domestic or industrial
use, the primary winding 22 of a distribution
transformer, shown generally at 23, is connected
across the conductors B and C. The secondary
winding 24 of the distribution transformer 23 is
provided with a mid-tap so that a three-wire
110 volt circuit is provided, as is customary for
residential use.

In order to protect the distribution transformer
23 from surge current due to lightning and
switching disturbances, lightning arresters,

shown generally at 25, are provided. Each of
the arresters 25 comprises a series of spark gaps
26 connected to a resistor 271 having a compar-
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3
atively high resistaince such as valve material
comprising silicory carbide or the like. The
arresters 25 may be grounded at 28 and 29.

If a lightning or switching surge occurs on the
conductor C it will pass through the arrester 23
to ground at 28, breaking down the spark gaps 26
and causing current to fiow in an amount corre-
sponding to the voltage accompanying the dis-
turbance. It will be noted that in this instance
a line voltage of 2300 volts is applied across the.
arrester 25 between the conductor C and ground:
28, which is, of course, electrically connected to.
the ground 21 and the neutral point 20 of the
secondary winding i8. If the amount of surge
current is such that the arrester 25 is capable. of
handling it without failure or damage thereto,
the arrester will interrupt the follow current.
when the next zero point in the wave of power
cuwrrent occurs and the system will be restored
to normal operating conditions. :

As: a modification of the circuit connections;
shown in Figure 1, the circuit connections shown
in Figure 2 may be used. It will be here noted:
that a neutral or ground conductor G is provided
which is connected to the neutral point 20 of
the secondary winding 18 of the transformer 15.
This conductor G is carried along with the con-
ductors A, B and C, forming the transmission
line, and it is grounded at various points, 30.and
31, for example. In this instance the primary
winding 22 of the distribution transformer 23
is connected  between the conductor C and the
ground or neutral conductor. -G and it has ap-.
plied thereto 2300 volts. If a lightning or switch=~
ing surge strikes the conductor C the. discharge
through the arrester 25 to ground 28 will take
place as described hereinhefore in :connection
with Figure 1. However, if the surge should
strike the ground or neutral wire G, it may pass
to ground through one of the ground connec-
tions at 30 or 31, or if there is no ground con-
nection close enough, the surge will travel along
the neutral wire G unti] it comes to a lightning
arrester which may be connected thereto, at
which point it will pass to ground. Since the
conductor G is at ground potential, there will
be no follow current and, as a result, the only
damage that can possibly be done results from
the flow of surge current and not from the ﬂow
of follow current.

Still another form of transmission -clrcult
which may be employed is illustrated in Pigure
3 of the drawings. As there shown, the trans-
former 15 is provided having its secondary wind-
ing 18 connected in delta to the conductors A,
B and C. Each phase of the secondary winding
{8 may have applied thereto, as indicated; 4800
volts and this voltage is applied to the primary
winding 22 of the distribution transformer 23
connected across the conductors B and C. In
the event that a lightning or switching surge ap-
pears on one or the other of the conductors B
or C, it will be dissipated through either of the
arresters 25 to the ground connections 28 or 29,
respectively. Since the secondary winding 18
of the transformer 15 is not grounded, there will
be no follow current and the only damage that
can occur, providing the remaining conductor
A of the power line is ungrounded, will be due to
the flow of surge current. It often happens,
however, that an accidental ground, as at 32,
occurs on one of the conductors, (here shown,
‘the conductor A), and then the full line voltage
of 4800 volts will be effective to continue the flow
of power current along the path which has been
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rendered conducting by the flow of surge:current
due to the occurrence of the abnormal or exces-
sive voltage resulting from the lightning or
switching disturbance.

. From a consideration of the foregoing descrip-
tion of various transmission circuits which are
now. in use, it will be observed that the fiow of
power current constitutes an important factor
in the application, construction and operation of
lightning arresters. If only the surge current
had to be considered, then the problem would be
considerably simplified. However, the path ren-
dered conducting by the flow of surge current,
either as a continuous conducting path through
contiguous particles, or through an ionized at-
mosphere, instantly offers a path for the flow of
bower current due to the ever present line volt-
age which tends to maintain this current flow,
It will, therefore, be clear that the flow of surge
current resulting from lightning or switching
disturbances, prepares the way for the flow of
power current that may or may not take place,
depending upon the amount of current in the
surge, the time of its occurrence, and the condi-
tions created in the arrester as a result of its flow
therethrough.

In Figure 4 of the drawings, units of amperes
of current flow, during a lightning discharge,
are plotted as ordinates, while units of time, in

microseconds, are plotted as abscissae, for the :

curve 36. The curve 36 illustrates a typical re-
lationship between the amperes of surge current
and the time of duration of the surge, which, as
illustrated, may be of the order of 20 microsec-
onds. The curve 31, shown in Pigure 5 of the
drawings, is plotted with units of volts as ordi-
nates and units of time in microsceonds as ab~
scissae, for one. cycle of a 60-cycle alternating
current. It will be observed that each half cycle
corresponds to approximately 8333 microseconds
and therefore that the time during which the
lightning surge takes place, as indicated by the
curve 36 in Figure 4 of the drawings, when
plotted to the scale used for the curve 27, would
be only the width of a very thin line. TIf the
lightning discharge takes place at the time T,
then the follow current, as represented by the
balance of the curve 27, to its next zero point,
will tend to flow for a time corresponding to the
balance of the curve 37 before it passes through
its next zero point, assuming unity power factor.
If the surge occurs at the time y, then the time
during which follow current tends to flow will
be correspondingly decreased. If the surge
should occur at the time 2, corresponding to the
zero point of the voltage wave 31, then there
would be no tendency for flow of follow current
unless the surge current was of such a magni-
tude that the arrester fails and therefore.con-
ducts power current during the next half-cycle.

It wiil then be observed that the likelihood
of the flow of power current during at least one
half-cycle is comparatively great and that it is
the flow of powar current over the path which has
been rendered conducting by the surge current
that constitutes one of the principal factors in
the operation of a lightaing airester. If “he
surge would always occur at a time correspond-
ing to the zero point of the voltage wave 27 or
at the time 2z, then the damage to the arrvester
caused by the flow of follow current would orgdi-
narily not occur. However, such is not the case
under normal operating conditions, and there is
always the possibility that a certain amounyg of
follow current will flow for a large portion of a
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half cycle at least, during which time a suff.
ciently low resistance path may be created and
maintained in the .arrester so that during the
next succeeding half cycle the power current will
continue to flow, although not in an amount
which would be sufficient to cause destruction
of the arrester. It is to give an indication of
the flow of such current that our invention ‘is
particularly useful and has provided .g highly
satisfactory means whereby the flow of such cur-
rent can bhe readily detected ‘with a minimum of
inspection. :

Referring now particularly to Figure § of the
drawings, it will be observed that a lightning ar-
rester, shown generally at 41, is there illustrated,
which is provided with a conductor 42 for con-
nection to one of the power conductors of a
transmission line and a terminal nut 43 to which
a ground conductor may be connected by means
of a terminal assembly 44. The arrester 4{ is
provided with a housing 45 which is formed pref-
erably of a heat resisting glass that may be pur-
chased in the open market under the name of
“Pyrex.” The outer surface of the glass housing
&5 is provided with beads 4§ extending entirely
or partly around it in order to increase the creep-
age ‘distance between the top and bottom por-
tions of the housing 45 and also to increase the
light dispersive effects of the glass housing on
flow of power current through a path rendered
conducting in the arrester by surge current. ‘A
cap 47, formed preferably of insulating ‘material,
Z“l‘lch as glass, is positioned on top of the arrester

The interior details of construction of the ar-
rester 41 are more clearly shown in Figure 7 of
the drawings. As there illustrated, a spark gap
assembly, shown generally at 43, is provided
which may comprise four cylindrical spark gap
electrodes 58 mounted between insulating posts
51 which are provided with caps 52, preferably of
brass, at each end thereof. By means of g screw
52 and a leaf spring 54, the top spark gap elec-
trode 58 is connected to an upper terminal cap
§5, preferably formed of copper, t¢ which the
conductor 42 may be connected as by soldering:
The upper end of the glass housing 45 is provided
with a circumferential bead 5§ around which the
outer periphery of the upper cap 55 may be
crimped. The cap 47 is secured on top of the
arrester 41 by means of a suitable cement 57,
such as asphalt, which completely covers the
upper cap 5% and provides g liquid-tight connec-
tion thereover.

The spark gap assembly 48 is mounted on a
brass disc 59 which is surrounded, as illustrated,
by means of the inwardly turned edge of a metal
dise 60 that may be e€xpanded into engagement
with the inner wall of the housing 45. An upper
electrode 81 is provided which may be connected
by means of a screw §2 to the bottom spark gap
electrode 50, The upper electrode 64 may be cir-
cular in form and composed of brass. The outer
periphery 63 of the upper electrode 6f may be
curved downwardly, if desired, to tend to con-
centrate the flow of surge current along the in-
ner-suriace of the housing 45. While the outer
_periphery €3 of the upper electrode 81 has been
illustrated as being curved downwardly, it will
be u.nders‘uood that such construction is not eg-
§ent1al, and that satisfactory operation will resul
1f_ the upper electrode §1 comprises merely a flat
disc with the curved outer periphery §3 omitted.
We have constructed and tested many lightning

arresters having the upper electrode 61 formed
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as a flat disc’ only and found that they operate
satisfactorily and that ‘generally the surge cur-
rent will flow along the surface of the glass hous-
ing 45. B ’ '

At the bottom of the glass housing 4% a lower
electrode 64 is provided which is preferably of
forged bronze. The lower electrode 64 is provided
with a flat upper surface and is arranged to be
coaxial with the upper electrode §l. The lower
electrode 64 is provided with a dowiiwardly ex-
tending inwardly and externally threaded boss
65 which projects through an opening &6 in the
bottom of the glass housing 45. A bolt 67 is pro-
vided for engaging the inferior threads of the
boss 65 to move the ‘terminal assembly 44 up-
wardly for engaging a ground connection between
it and the nut 43 which is threaded on the out-
side of the boss €5 as illustrated. A gasket 68,
formed preferably of rubber, is positioned under-
neath the lower electrode €4 to provide a seal.
-‘Additional sealing means are provided in the form
of a gasket 69 formed preferably of cork and a
brass washer 78, which are interposed between
the undersurface of the housing 45 and the top
of the nut 43, as shown.

Interposed between the upper and lower elec-
trodes 5! and 54 is a mass of valve material T{
which may comprise silicon carbide or-other suit-
able valve material well known to those skilled
in the art.. Under normal operating conditions
the valve material 11 offers a comparatively high
resistance to.the flow of current therethrough.
However, on the application of high or abnormal
voltages due to lightning or switching surges,
the resistance.of the valve material T is de-
creased and surge current is permitted to flow
therethrough. It will be observed that the mass
of valve material Tt is positioned in the bottom
of the glass housing 45 in close cantact with the
inner periphery of the side walls thereof.

As illustrated more clearly in the diagrammatic
representation of the lightning arrester 41 shown
in Figure 8 of the drawings, the lightning dis-
charge in many instances tends to take place
along the lines 75 between the terminal cap 55
and the upper electrode 61. This is due to the
fact that the voltage drop between the cylindri-
cal spark gap electrodes 59 at the line or upper

end Is greater than it is near the ground or

lower end of the arrester, due to the electrostatic
capacity of the cylindrical spark gap electrodes
50. That is, the voltage drop across the spark
gap assembly constitutes the major portion of

the voltage drop across the arrester in many in- .

stances and, as a result, the arrester may break
down or fail between the cap 55 and the upper
electrode 61.

An illustration of this type of failure is shown
at 80 in Figure 9 of the drawings. As there
indicated, the arrester 41 has failed along the
inner surface of the glass housing 45. Due to
the formation of a conducting path by the surge
current, causing the failure shown at 89, a com-
paratively low resistance path for the flow of
power current is provided through the arrester
and it therefore permits a slight leak of power
current. Moreover, the effectiveness of the ar-

rester is destroyed and it should at once be re-
moved. Since the housing 45 is compesed of a
light-transmitting material. the fault 80, which
emits light rays because of flow of follow cur-
rent, may be readily noted on a casual inspec-
tion from the ground and the location of the
faulty arrester will at once be apparent.
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In many instances the lightning discharge will
take place as indicated at T6 in Figure 8 of the
drawings. The discharge here takes place be-
tween the upper and lower electrodes 61 and 64
along the inner surface of the glass housing
45 through the valve material Ti. If the amount
of surge current is not sufficient to cause the
particles of valve material 11 to be fused into
a conducting path, then on termination of the
flow of surge current, the arrester will be re-
stored to its normal condition. '

A typical example of a failure caused by this
type of discharge is illustrated at 81 in Figure
10 of the drawings. ' As there shown, a portion
of the glass housing 45 has been broken away
to more clearly illustrate the conducting path
which has been formed by fusion of particles of
the valve material T{ into a conducting path by
a lightning or switching surge which exceeded
the capacity of the arrester 41. Since the par-
ticles of valve material Tl are fused together into
a conducting path adjacent the inner surface
of the glass housing 45, through which a slight
amount of power current can flow from the con-
duetor to ground, the flow of power current along
it causes the path to become heated to such an
extent that light rays are emitted therefrom.
This flow of current constitutes a leak from the
power line and destroys the effectiveness of the
arrester 41. Moreover, due to the flow of cur-
rent across the spark gap assembly 49, the ar-
rester 41 operates after the fashion of a spark
gap radio transmitter, ag set forth hereinbefore,
thereby causing radio interference in the vicinity
of the transmission line. When an arrester has
failed in this manner it should be immediately
removed from the system.

Since the glass housing 45 is relatively thick—
and we have discovered that it should be at least
one-eighth inch or greater in thickness—the light
rays emanating from the path 81 are reflected
to such an extent that the discharge is visible
from any point around the arrester housing 45.
Therefore it is unnecessary to make a complete
inspection of the arrester 4, but it is merely
necessary to note whether or not a glow appears
in the glass housing 4{, either due to the direct
rays from the path 8! heated by the flow of
power current or by indirect rays reflected by
means of the thick glass housing 45.

Still another form of failure is illustrated at
82 in Figure 11 of the drawings. As there shown,
the flow of surge current has been so great as
to cause a partial fusion of the glass housing 45
with a portion of the particles forming the valve
material 1. The path 82 thus rendered conduct-
ing by the flow of surge current therethrough
is capable of conducting a comparatively large
amount of power current, thereby destroying the
effectiveness of the arrester 41 and possibly caus-
ing considerable radio interference.

The typical failures of lightning arresters illus-
trated in Figures 9, 10 and 11 are those which
have actually occurred and which we have ob-
served. Any arrester that has failed to the ex-
tent indicated in any of these figures should he
immediately removed from the system, since its
effectiveness as an arrester has been destroyed.
However, it would not be possible to detect fail-
ures of this type in arresters which are provided
with opaque porcelain housings, as has been the
standard practice in the prior art. It would be
necessary either to make a detailed examination
of each arrester to determine which one had
failed to the extent indicated in these figures
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or it would be necessary to await the occurrence
of a succeeding lightning or switching surge
which may be sufficient to completely destroy or
ground the arrester to permit a detection of the
location of the fault. It is this type of failure
“for which our invention is particularly applica-
ble.

It will therefore be apparent that we have
provided a lightning arrester construction of
novel form which immediately provides a visual
indication of a partial failure thereof which has
not been sufficient to completely destroy the
arrester. The slight leakage or flow of power
current is at once rendered visible and a cursory
inspection will reveal the particular arrester
which has failed and which should be removed
from the system and replaced with a new ar-
rester in proper coperating condition. It is
reiterated that it is the flow of power current

along a path which has been rendered conduct- -

ing by means of a lightning discharge that causes
the path to be visible from any point around the
arrester through the use of the glass housing
45 having relatively thick walls. Such visibility

is, of course, impossible if a housing of porce- .

lain or other opaque material is used.

The use of transparent heat resisting material
such as Pyrex or the like, as described before,
in the housing 45 results in certain functional
-and operational advantages which arise in part
from the use of this transparent material in the
walls of the housing 45 and in part from the
ciose contact therewith of the valve material 11,
which has also previously been described.

Since certain further changes may be made in
the foregoing constructions and different em-
bodiments of the invention may be made with-
out departing from the scope thereof, it is in-

10
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tended that all matters disclosed in the fore-
going description or shown in the accompanying
drawings, shall be interpreted as illustrative and
not in a limiting sense.

We claim as our invention:

1. In a lightning arrester for an alternating
current power transmission line operating at a
power frequency of 60 cycles or less, in combi-
nation, a spark gap assembly, a pair of spaced
apart electrodes, a mass of electric valve mate-
rial interposed therebetween, said spark gap as-
sembly being connected in series circuit rela-
tion with said electrodes and valve material and
the combination being disposed to be connected
between said line and ground, and a glass hous-
ing having relatively thick walls surrounding
said spark gap assembly and said valve mate-
rial which permits light rays emanating from
the interior thereof to be visible from substan-
tially any point around the lightning arrester
and which permits a visual inspection to deter-
mine the existence of any variations from the
normal condition thereof.

2. The lightning arrester of claim 1 further
characterized by the glass housing being made
of a heat resistant type of glass material hav-
ing a very low coefficient of expansion and a
high melting point.

3. The lightning arrester of claim 1 further
characterized by the valve material being in
substantially physical contact with the housing
and by the transparent glass housing being made
of a heat resisting type of glass material hav-
ing a very low coefficient of expansion and a
high melting point.

RALPH H. EARLE.
ALWIN G. STEINMAYER.




