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ABSTRACT OF THE DISCLOSURE

Voltage grading and cascading arrangement for a
lightning arrester employing at least three equally spaced
vertical columns of arrester components including spark
gap devices, the arrangement including insulating trays
strategically located in each column between the compo-
nents, and means connecting each tray in each column
alternately across two adjacent, serially connected spark
gap devices in two adjacent columns, the trays providing
voltage grading and cascading capacitances in each col-
umn, and the connecting means electrically connecting the
arrester components in electrical series.

BACKGROUND OF THE INVENTION

The present invention relates generally to lightning ar-
resters, and particularly to an arrester configuration in
which insulating trays provide strategically located ca-
pacitances in columns of arrester components.

In application Ser. No. 679,315 (W. E. 39,078) filed
Oct. 31, 1967 by John E. Harder and assigned to the
present assignee, there is disclosed a voltage grading and
cascading circuit arrangement which permits the use of a
single accurately controlled or critical spark gap to initiate
the sparkover of a complete arrester. The circuit com-
prises at least two groups of serially connected capacitors
with each capacitor in each group alternately connected
across two adjacent, serially connected main spark gap de-
vices. Voltage cascading occurs when the controlling gap
sparks over, the voltage across this gap being instantly
transferred to the adjacent main gap in parallel with one
of the grading capacitors. This results in an instant in-
crease in the voltage across the adjacent gap thereby en-
hancing its ability to spark over. When it does spark
over the parallel capacitor discharges thereby instantly
transferring its voltage to the remaining unfired gaps and
associated capacitors which, in turn, increases the firing
capabilities of the unfired .gaps. This operation continues,
and occurs rapidly, until all gaps are fired.

BRIEF SUMMARY OF THE INVENTION

The present invention is a mechanical configuration
and structure using the above, briefly described voltage
cascading circuit of the Harder application in a manner
in which the principle capacitances form a structural part
of the configuration. More particularly, the invention in-
cludes at least three columns of valve-type resistance
blocks and spark gap devices, the resistance blocks and
gap devices being supported and separated by insulating
trays with metal connectors seated in the insulating trays.
The metal connectors are interconnected among the col-
umns and between the trays in a manner to connect the
blocks and gap devices in electrical series and to alternate-
1y connect the trays across two electrically adjacent spark
gap devices. The trays, with their inherent capacitances,
thus appear in the circuit at the precise locations required
to effect the voltage grading and cascading function while
simultaneously forming a part of the arrester structure.
Further, by locating the inherent capacitance of the trays
in the manner briefly described thus far, the inherent ca-
pacitance is prevented from the appearing elsewhere in the
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arrester columns and circuit in an unwanted fashion which
could upset voltage balance and prevent the very desirable
cascading effect.

THE DRAWINGS

The invention, including its objectives and advantages,
will become more apparent from reading the following
detailed description in connection with the accompany-
ing drawings in which:

FIG. 1 is a perspective view of connecting structures
for interconnecting grading capacitances with arrester
components in accordance with the principles of the
present invention;

FIG. 2 is a top plan view of the structure shown in
FIG. 1;

FIG. 3 is a schematic representation showing the paths
for current flow in the structure of FIG. 1; and

FIG. 4 is a side elevation view (in partial section)
of a capacitance tray employed in structure of FIGS. 1
and 2.

PREFERRED EMBODIMENT

Specifically, FIG. 1 shows structure 10 for connecting
arrester component groups 11 (FIG. 3) disposed in three
equally spaced apart column structures in electrical series,
and for simultaneously interconnecting voltage grading ca-
pacitances trays 13 (FIG. 4), forming a part of the col-
umn structures, between said columns in a manner to alter-
nately connect each tray across two electrically adjacent
component groups (including spark gap devices) as dis-
closed in the above mentioned Harder application.

For purposes of clarity of illustration, the arrester com-
ponents 11 and the trays 13 are not shown in FIGS. 1
and 2, and are only representatively shown in FIG. 3. The
components, however, would be stacked in three separate
and equally spaced apart columns along vertical axes des-
ignated A, B and C, in the figures, the use of separate
columns per se being a well known expedient in the ar-
rester art to obtain high voltage ratings for arrester units
without having excessively tall columnar structures that
are difficult and costly to support. In plan view, the
columns form an equilateral triangular configuration as
seen in FIG. 2.

Means for interconnecting vertical columns of compo-
nents with grading capacitors are known in the arrester
art. The difficulty arises, however, and the present disclo-
sure solves the difficulty, in combining the teachings and
advantages of the above mentioned Harder disclosure
with those of the three column arrester unit. More par-
ticularly, what is needed is a compact inexpensive structure
which will connect the arrester component devices in the
three columns in electrical series to obtain the desired high
voltage rating, and, to connect each grading capacitance
alternately across each two electrical adjacent component
devices to obtain the voltage cascading effect described
in the Harder application and briefly described above. The
structures shown in FIGS. 1 to 4 meet these needs.

Thus, in FIG. 1, the structure 10 comprises a plurality
of electrically conductive connectors, generally designated
12 and 14, each connector comprising a plate portion 16
(shown in the form of a shallow pan) having an integral
strap portion 18 extending outwardly therefrom and at
an obtuse angle with the plane of the plate portion, The
connectors 12 and 14 are identical to each other except
for the ends of the integral strap portions 18. The strap
end of the connector 12 has a flat, rectangular configura-
tion while the strap end of the connector 14 is provided
with inwardly folded wing portions 20 adapted to receive
and crimp the flat end of the connector 12 as shown in
FIG. 1. In this manner, the plate portions 16 of each con-
nector are electrically interconnected.

The connectors 12 and 14 are shown further provided
with a second integral strap or arm portion 22 extending
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outwardly from the plate 16 in a plane substantially par-
allel therewith, The angular relationship of the strap 18
and the arm 22 in the plane of the plate is acute for the
plate 14 and obtuse for the plate 12 such that when the
straps 18 are disposed towards each other for mutual
connection, the arms 22 extend outwardly from the tri-
angular configuration of connectors when so connected
as shown in FIG. 2. The purpose of the arms is to secure
grading resistors and auxiliary capacitor components in
a manner presently to be explained.

Between the plate portions 16 of the connectors 12
and 14 are disposed the insulating annular trays 13
(FIG. 4) in the manner shown somewhat schematically
in FIG. 3. The trays are made from an insulating material
having a dielectric constant, which, when disposed be-
tween two adjacent plates 16 in the manner shown in
FIGS. 3 and 4 form voltage grading capacitances 25 stra-
tegically located in the three columns in the manner ex-
plained hereinafter.

Each tray 13 has two opposite sides or faces in which
are provided center recesses adapted to receive and seat
the connectors 12 and 14 as shown in FIG. 4, the plate
portions 16 of the connectors forming electrodes and
terminals for the capacitances 25.

Each recess in each tray 13 is further adapted to re-
ceive and seat the end of a stack or group of the arrester
components 11 as shown in FIG. 4, the ends of each
component group being dispnsed in electrical contact
with the plate portions 16 of the connectors 12 and 14.
Each component group includes well known non-linear
resistance blocks (not shown) and main spark gap de-
vices 27 only representatively shown in FIG. 3.

When the trays 13 and the components groups or de-
vices 11 are properly located between the plate portions
16 of the connectors 12 and 14, the trays and component
devices form the three vertical columns along axes A,
B and C.

Across each capacitance 25 may be connected an aux-
iliary capacitor 28 suitably supported and electrically
connected between the two integral arms 22 of the con-
nectors 12 and 14. In this manner, the capacitor 28 is
connected in parallel with the tray 13 to provide addi-
tional grading capacitance if needed. In a similar man-
ner, grading resistors 29 can be provided, each resistor
being connected between the arms 22 located at the ends
of each component device 11 as shown diagrammatically
in FIG. 3. When the auxiliary capacitors 28 and the re-
sistors 29 are properly secured between the ends of the
arms 22, the capacitors and resistors form three vertical
columns along axes A’, B ‘and C’ in substantial parallel
alignment with the axes A, B and C.

The three columns of arrester components and three
of resistors 29 and capacitors 28, as thus far described,
are supported and commonly connected between top and
bottom terminal plates (not shown) to form an arrester
unit and circuit for electrical connection between a line
and ground to provide overvoltage and surge current pro-
tection for the line and for electrical apparatus connected
thereto. When the wunit is called upon to discharge a
surge of current to ground, current flows serially through
the arrester component devices 11 by virtue of the struc-
ture 10, i.e., the connectors 12 and 14. In FIG. 3, a por-
tion of such a unit is shown in schematic form, the path
of current flow therethrough being indicated by appropri-
ate arrows.

Thus, in opera,tion, when the columns of the arrester
components discharge a current surge to ground, current
flows through each of the arrester component devices 11,
the flow starting with the first such device in the circuit,
ie., the one device (not shown) connected directly to the
above mentioned top terminal plate. For purposes of ex-
planation, this one device may be the uppermost one
(labelled 11C) on the center axis C in FIG. 3. As indi-
cated by the downwardly pointing arrow in the device
11C, current flows therethrough to associated plate 16
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of the tray capacitor 25 located at the bottom of said de-
vice. The current is then conducted upwardly and to the
left along integral strap 18 and crimp 20 to the plate 16
in the column of axis B, the plate being in electrical and
physical contact with the top end of another component
device labelled 11B.

Again, the current is conducted downwardly through
the device 11B (in column B) wuntil the current reaches
the plate engaging the lower end of said device. Again, an
associated integral strap 18 conducts the current upwardly
(and this time to the right) to a capacitor plate 16 in
column A, and current is conducted downwardly through
another component device (labelled 11A) in said column
in electrical contact with said plate. From said plate, cur-
rent is again directed upwardly and to the left via inte-
gral straps 18 to a plate 16 and the next compomnent de-
vice 11 in column C in line and immediately below 11C.

The current conducting process described above con-
tinues down the columns in the manner described until
it enters ground through an associated ground terminal
(not shown). As can be seen, the structure 10 serially
connects all of the arrester component devices 11 in the
three columns A, B and C to provide the desired high volt-
age rating without necessitating the use of tall columns
of arrester components.

The structure 10, however, serves another highly im-
portant function, namely, that of connecting the capac-
itances 25 alternately across two electrically adjacent ar-
rester component devices 11 to provide the highly desir-
able voltage grading and cascading effect of the above
mentioned Harder application. By referring again to FIG.
3, it is seen that each insulating tray 13 with two asso-
ciated plates 16 are electrically connected across two of
the serially adjacent component devices 11 by the integral
straps 18 secured together by the crimping folds 20. For
example, the middle tray 13 in column B is connected
across the upper component device 11A in column A and
the middle component device 11 in column C by a set of
integral interconnecting straps 18, the two devices being
electrically serially connected together by another set of
integral straps extending between the top of device 11 in
column C and the bottom of the device 11A in column A.

Thus, the structure 10 not only performs the two highly
important functions described above, but performs them
in a compact and economical manner.- The connectors
12 and 14 require a minimum of space in and between
the columns, the connectors are identical to each other
(except for the end portions of 12 and 14 and the angle
differences between 18 and 22) thereby requiring a min-
imum of different parts, and the connectors are relatively
simple structures requiring minimum effort and cost to
manufacture.

In addition to the above advantages, the configuration
of the connecting structure 10, with its deliberate locat-
ing of the inherent capacitance of the trays 11 in the
columns of arrester components, prevents the inherent
capacitance of the trays 13 from appearing elsewhere in
the columns in an unwanted fashion, ie., in a manner
that could upset voltage balance in the columns so as to
prevent the voltage cascading effect.

It should now be apparent from the foregoing descrip-
tion that a new and highly useful arrester configuration
has been disclosed which provides series connection for
columns of arrester components while simultaneously
locating and connecting component supporting insulating
trays in a manner to provide voltage grading and cascad-
ing for the configuration.

Though the invention has been described with a certain
degree of particularity, changes may be made therein
without departing from the spirit and scope thereof.

What is claimed is:

1. A lightning arrester comprising a plurality of arrester
component devices electrically connected in series and
physically disposed in at least three vertical columns, said
component devices including spark gap devices and non-
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linear resistance blocks, individual insulating trays inter-
posed in each of said columns at spaced locations, con-
ductive plate means disposed on each side of each tray
in contact therewith and in electrical contact with the
adjacent arrester component, and means for electrically
connecting each of the plate means to a plate means in
a different column in a manner to connect all the arrester
component devices in series.

2. A lightning arrester as defined in claim 1 in which
said connecting means are strap members integral with
the plates and extending from each plate in position to
engage a strap member of a plate in another column.

3. A lightning arrester as defined in claim 2 in which
the trays and plates are generally circular and the plates
are substantially coextensive with the arrester compo-
nents.

4. A lightning arrester comprising a plurality of arrester
component devices electrically connected in series and
physically disposed in at least three vertical columns, said
component devices including spark gap devices and non-
linear resistance blocks, individual insulating trays inter-
posed in each of said columns in spaced locations, con-
ductive plate means disposed on each side of each tray
in contact therewith and in electrical contact with the
adjacent arrester component, voltage grading impedance
elements including capacitors and resistors disposed adja-
cent said columns of arrester components, means for elec-
trically connecting each of the plate means to a plate
means in a different column in a manner to connect all
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connecting the plate means to said impedance elements
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to connect the impedance elements across the arrester
components.

5. A lightning arrester as defined in claim 4 in which
each plate means has a first integral connector strap ex-
tending therefrom in position to engage a connector strap
of a plate means in another column and a second integral
connector strap extending therefrom in position to engage
an impedance element.

6. A lightning arrester as defined in claim 5 in which
said first connector strap of each platee extends therefrom
at an obtuse angle to the plane of the plate to extend
toward another column, and said second connector strap
extends in a plane substantially parallel to the plane of
the plate, said impedance elements being received between
the second connector straps of successive plates in the
same column.
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