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4 INTRODUCTION
4

i i Scope and Objectives

>N “This paper has been written by Roy B. Carpenter, Jr., founder of
N Lightning Elimination Associates, Inc. (LEA) and developer of the
Dissipation Array System of lightning protection.

The Dissipation Array System (DAS) is protected by U. S. Patent ]

'Q; ) Number 4180698 and has been extended to cover the DAS in many
I~ foreign countries. The DAS is wholly owned by LEA and may not be
-@ reproduced by anyone or any government agency unless licensed by
~ LEA.

This paper has been prepared to provide the technical community
o and potential customers with a working knowledge of the DAS as a
.g concept and to provide sufficient reliability information to
- develop confidence in DAS applications. This paper summarizes the
‘5 lightning hazard as defined by others, evaluates the protection
< concepts, provides the theory behind the DAS and describes a few

practical concepts to illustrate its use and flexibility. 7;;\_ /
It should be understood at the outset that neither LEA nor the '
writer are claiming to be experts in the field of atmospherics
physics or the lightning phenomena. Rather, we are considered
experts in the field of lightning protection and protection against
its related phenomena. In consonance with this the writer has
extracted data from the writings of a great number of recognized
experts in the field of atmospheric physics to help define the
lightning hazard. Some of the more important works are listed in
the bibliography.

Background

0 Since June of 1971 LEA and its founder have been actively marketing
3 a system guaranteed to prevent lightning strikes to the protected

N area. This systemis called the Dissipation Array System because of

— the operational concept by which it performs that function. Since
the founding of LEA many hundreds of systems have been installed in
different parts of the world. Most have been in areas where there
is a high lightning stroke hazard and where prior site history
reveals significant losses due to lightning activity. History
subsequent to the DAS installation shows the systems have prevented
strikes to the protected areas in all but the earliest installations.

iy

B
F ool o

use of an empirical approach consisting of two somewhat conventional
stages, lab tests and field tests, with one variation; the field
tests were at actual customer installations. This may seem strange,

ig' The DAS was developed in an unconventional manner; that is, through
3

h

A however two factors mitigate this approach. Field conditions can

..... .-

Y o . . ¢ Ta® "o .l '.u '... “u? LA -, %
" ‘e '\\«.\%.,-.-..\,\\'.-\._,

W Wy O ® (W MW N e =

“w

.....

"~ -)"\ .‘-..\ ™) ‘{\{\.‘\J‘-‘J‘\("{ - . "“
WAL KD 5‘: ) P PSRN VY B P




Bt ofn * Jiwt At Bt Bt At el D AMRCRCI A Y A B S —

be neither simulated nor controlled, and the customers selected had
an acute problem for which no alternate, conventiornal solution was
effective. Some case histories of these early applications are
documented in this paper.

The lab tests were conducted during 1971 and early 1972, and
provided much of the design data for the dissipator assembly. Some
field trials were conducted independently to obtain the necessary
extrapolation or scaling factors. During this period demonstration
systems were installed on customer facilities under a cost sharing
program; one at KHOF-TV, Sunrise Mountain, California, and one in
Running Springs, California for Continental Telephone. Both sites
had a prior history of severe damage from lightning and to this
writing, over ten years later, neither have suffered damage or
recorded a strike to their facility since the DAS was installed.

Although lab tests provided some data and the demonstration sites
were resounding successes, there yet remained the need for config-
uration and/or application design data. This could only come by
practical applications of theoretical studies, so the next few
years (about three) involved a series of customer installations
using different development configuracions. Many were successful,
a few were not. Subsequently, most of the failures were modified
to correct any deficiencies. Continuing evaluations of systems
and configuration performance resulted in several design altera-
tions.

System Definition

The Dissipation Array System is designed to prevent lightning
strikes to a specified area which includes both the protected
facility and the protector. The potential in the protected area

is reduced with respect to both the clouds and the surrounding site.
The induced charge in the protected area is also reduced and the
overall charge generated by the storm is reduced to some degree,

but not significantly unless there are many Arrays in the same area.

Arrays individually produce significant current flows only when
subjected to the intense fields preceeding the formation of a
lightning strike within the immediate area of concern.

Atmospheric Electricity and the Lightning Phenomenon

Atmospheric electricity is the general phenomenon, lightning is one
of its manifestations. Little is known for sure with respect to
the creating forces. Many men have devoted their lives to studying
this phenomenon and there are some very good books on the subject,
a book by Dr. A. Chalmers being one of the best.(l) The personnel
at LEA have developed an expertise in identifying the problems
created by lightning and in finding a solution. To deal with
lightning and its related phenomena it is necessary to understand
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:j: the situation created by atmospheric electricity.(z) The available

btﬂ literature = is quite helpful. Following is a summary as it

R . applies to protection requirements:

AV

t;” N The thunderheads are electrically charged bodies suspended in an

u atmosphere that may be considered at best a poor conductor. During

;{?. a storm situation charge separation will continue to build up within

ﬁﬁi the cloud until the potential within the cloud and the related field

e strength beneath it reaches a point where the insulating quality of

e the air gap is no longer effective and breakdown takes place. The

e specific breakdown point varies with atmospheric conditions. The
potential at the base of the cloud is generally assumed to be 108

-3 volts and the resulting electrostatic field about 10 Kv per meter of

Ny elevation above earth. The charging action (or charge separation)

o within the storm cell usually leaves the base of the cloud with a

<l strong negative charge, but in about ten percent of the cases the

opposite seems true. This resulting charge induces a similar charge
of opposite potential into the earth concentrated at its surface
just under the cloud, of the same size and shape as the cloud. As

?:3 structures intervene between the earth and the cells they are like-
“Q wise charged. However, the field around these is higher since they
‘§: short out a portion of the separating air space. The ultimate

bR result can be a triggered strike, either because of the lesser air

space or because the structure was high enough to start an upward
moving leader. (See Figure 1).

LN Thunderstorms are generally of two types; convection storms which

{21 occur locally and are of relatively short duration, and frontal storms

' which extend over greater areas and may continue for several hours.
GE’ Storms of the convection type account for the majority of annual

e thunderstorm days in North America, yet experience indicates they

produce less plant damage than thunderstorms of the frontal type.

iR The formation of convection thunderstorms tends to depend on local
meteorological and topographical conditions. They predominate during
- the summer months, since they are caused by local heating of the air
N near the earth. Convection storms are non-regenerative in nature

54 because the accompanying rain soon cools the earth and dissipates

i their source of energy.
.

il Frontal thunderstorms result from the meeting of a warm, moist front
» and a cold front which may extend for several hundred miles. This
v, exposes large areas to particularly severe and destructive lightning

jéj discharges. Such storms are regenerative in nature because air

i masses continue to move into the area and maintain for hours the

158 turbulence necessary to the thunderstorm process. Observations
TN indicate that the magnitude and especially the incidence of strokes
_ to ground is substantially greater in frontal storms than in convec-
L& tion storms. Conditions in the southeastern part of the United States
o and in some of the midwestern states are particularly conducive to
W frontal storms. These storms tend to predominate in the spring and
B\ early summer, but are occasionally experienced during the winter.

i Such mid-winter storms can be particularly destructive when they

- g occur in conjunction with snow. The typical range of thunderstorm

§ gé?; cloud sizes is illustrated by Figure 2.
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Figure 1

: Charged Cloud Influence
=X On Surface Facilities

i + .
- : INDUCED CHARGE

? Figure 2, The Range in Thunderstorm Cloud Sizes
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2% RO LIGHTNING PROTECTION CONSIDERATIONS
L‘ ' »
jzﬁ The Lightning Strike Hazard
AR
'2{ The lightning strike hazard for any given facility is a statistical
% function that is related to a number of factors associated with
) that facility and its location. These factors include size,
2 geographical location, type and characte:r of the facility, and of
g course, the character of the lightning stroke itself. For example:
7'; The Keraunic Number determines the system exposure rate in that
N the higher the number the greater the stroke activity encountered
in that area. As Figure 3 indicates, in the United States this
v number varies from a low of 1 to over 100. In other parts of the
A world it is as high as 260(6) | There is an average of 30 storm
ﬁﬁ- days per year across the United States, however, many strokes do
QN occur in a single storm. Studies have shown that for an average
N area within the U.S.A. there can be between eight and eleven
, strokes per year to each square mile within this area. Using
“}‘ central Florida as a reference state, hazard increased to between
% 28 and 37 strikes per square mile per year.
A
-;: The structural character, such as height, shape, size and orienta-
ol . tion i1nfluences the hazard. For example, as illustrated by
eg, Figure 4, higher structures tend to collect the strokes from the
A surrounding area. It is evident that the higher the structure the
{‘ more strokes it will collect. However, it may not be so evident
roe that high structures will also trigger strokes that would not have
gﬁ occurred otherwise. Further, since storm clouds tend to travel at
N specific heights, with their base at from five to ten thousand
feet, structures in mountainous areas tend to trigger lightning L
% even more readily.
2
S;ﬁ The system exposure factor is a function of the size of the
.@3 system as well as the 1isokeraunic level of the area. It is obvious
275 that the larger the area the greater the stroke potential. It
- also follows that the longer a transmission line the more strokes I
Ay it can expect. For example, consider a 50 mile stretch of trans-
’ mission line in central Florida. According to the IEEE Subcommittee
5 on Lightning(7) there should be about 1500 strokes to the line,
v i.e., total to the static wire and phase conductors. Two Hundred,
AV Twenty-five of these will exceed 80,000 amperes, all in just one
- year.
,g' Lightning stroke character is a statistical function that varies
. significantly over a wide range of values. The more important
Y parameters include:
ox
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Figure 3, The Isokeraunic Map
of the U.S.A.

Figure 4, Lightning Incidents
to Tall Structures
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Total Charge Transferred 2 to 200 coulombs
Peak Currents Achieved - 200 to 400,000 amperes
Time (duration) to half value 10 to 250 microseconds/stroke
Current Rise time to 90% A few nanoseconds to 30 microseconds
Velocity of propagation - 1 to 21 x 106 meters per second
Time between strokes, in one 3 to 100 milliseconds
flash*
Number of strokes per flash*

3 ’,

=i ear
Pl
I

[

1 to 26 (average <4)

N *A flash is defined as the ionized channel resulting from the

m lightning discharge; it may contain from 1 to 26 or more strokes
3 before it clears.

~°

3 Dealing with a Direct Lightning Strike

v Ever since there has been any thought given to lightning protection
.t the vast majority of that thought has been based on the premise

e that lightning is "an act of God" and as such should not , and

! indeed cannot, be influenced by man. By virtue of the same

e

reasoning men were also told they could not fly, go to the moon, etc.
If this premise is to form the basis of our design practice then
' the designs will be based on the diversionary principle which forms
b the basis of lightning rod systems and technology will be limited
) by the resulting constraints and performance limitations. This
N principle is a remedial form of protection that treats the symptoms
fjb rather than the cause.

To provide a successful remedial design the following factors must
be taken into account: the probability of capturing the stroke;

. the ability to divert the energy by and away from the protected

> system; and, the grounding resistance of the ground plane available.

To illustrate, consider a lightning rod on a 100 meter tower used
for FM broadcasting. Based on the usual installation criteria,

w the lightning rod has no more than 0.95 probability of capturing
. the strike. At least five percent of the time the stroke will reach
5% one of the antenna elements. If the captured stroke is of average

magnitude 20,000 amperes must be carried to the ground plane within
i a few microseconds. The effective surge impedance of the down-

- conductor is in the order of from 100 to 600 ohms, and the mutual
inductance of the antenna coax could be of a related order. If

the grounding resistance were only ten ohms, as much as 200,000

ko volts could be developed across it. Further, the surge impedance
of the grounding system must be considered. A simple resistance
test does not properly evaluate the grounding capability.

e Dealing with the Cause

If the problems inherent with lightning rods are to be overcome the
stroke must be eliminated from or near the area of concern. A
< system that deals with the cause must be based on the premise that
AR lightning can be eliminated within the area, where elimination
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connotes the prevention of stroke formation to both the protector
and the protected; where the total number of strokes produced by
the stormis reduced proportionally.

The cause is atmospheric electricity, and, specifically, the build-
up of the potential between a cloud and the earth's surface to the
point where the air space between is no longer an insulator. To
effect a cure (elimination or prevention) the protective system
must prevent the breakdown of air or limit the potential between
the site of concern and the cloud cells to a safe value. The
Dissipation Array System does just that, not necessarily by
significantly affecting the cloud charge, but rather by reducing
the difference in potential to below stroke potential.
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e THE DISSIPATION ARRAY SYSTEM

Theory of Operation

- The Dissipation Array System (DAS) has been designed to prevent a
lightning strike to both the protected area and the Array itself;
nothing more nor less. It is a misconception to infer that an

. Array is designed to dissipate a storm, or even a single cloud.

. Although in theory it is true that any ion current dispersed into
\ the atmosphere will reduce the overall charge, that is not neces-
L, sarily the design objective of the DAS.

To prevent a lightning strike to a given area a system must be able
to reduce the potential between that site and the cloud cells, such
that it is not high enough for a stroke to form within that area.
Protection may also be thought of in terms of dealing with the
charge. The protective system must release, or leak off, the charge
. induced by the storm in the area of concern to a level where a
lightning stroke is impractical. Charge induction comes about
because of the strong field created by the storm and the insulating
quality of the intervening air space as shown by Figure 1. Charge
reduction may be accomplished by taking advantage of this field and
the_"point discharge" principle. Since atmospheric scientists tell
us (1) that most of the storm's energy (over 90%) is dissipated
‘]D through what is called natural dissipation, a mult?-point dissipator
y is simply an extension of that phenomenon through use of a more
efficient medium. Natural dissipation is the result of ionization
produced by trees, grass, fences and other similar natural or man-
made objects that are exposed to the field created by storm clouds.

[y

R g l,l‘/ o &

The point discharge phenomenonwas identified over a hundred years
ago. At that time it was found that a sharp point immersed in a
strong electrostatic field, where its potential was elevated above
10,000 volts with respect to its surroundings, would leak off
electrons by ionizing the adjacent air molecules. A typical labora-
tory schematic is shown on Figure 5. It can also be shown that as
the potential is increased the ion current increases exponentially.
Given that the foregoing is true and that natural dissipation takes
place as a regular event during storm conditions, it is evident
that the point discharge phenomenon can be reproduced in the field
and significantly enhanced through use of very efficient dissigators.

. H. Golde, in an article written for the Franklin Institute(8),
verifies this premise by stating, "6000 such conductors (referring
to pointed lightning rods) would be required over an area of, say,
half a square mile to prevent one lightning flash".

| LA YY)
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The Dissipation Array System is based on the premise that the point

discharge phenomenon can be enhanced and will provide a mechanism

to significantly reduce the induced charge in a given area, thereby
- reducing the potential difference between that area and its surround-
i?k‘ ings, as well as the charging cloud cell. The DAS is composed of
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three basic elements: the dissipator (or ionizer), a Ground Current
Collector (GCC), and, the service wires, as illustrated by Figure 6.

In contrast to a single-pointed lightning rod, the dissipator is a
multi-point device designed to efficiently produce ions from many
points simultaneously. The single point lightning rod is usually
a more efficient ionizer than the higher point density dissipator
at low electrostatic potentials because of the so called "inter-
ference phenomenon" between adjacent points. However, as the storm
increases in strength and the electrostatic field increases, the
single point will create upward going streamers which tend to
encourage a strike to that point. 1In contrast, the multi-point
dissipator starts the ionization process at a somewhat higher
potential, but as the potential increases, the ionization current
increases, exponentially. Since these ions are spread over a large
area no breakdown can occur, but rather in extreme situations a
luminous cloud of ions is produced causing a momentary glow of the
Array and a sudden burst of current flow. This only occurs under
an intense storm and/or when lightning would otherwise have struck
at or near the site. The dissipator assembly is very sensitive to
a number of design parameters, some of which can be reduced to
formulation and some of which cannot. These factors include size,
shape, elevation, point shape, point height above the Array face,
point spacing, range in wind velocity and the character and rela-
tionship of the surroundings.
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The Ground Current Collector (GCC) provides the source of charge to
keep the ion current flowing through the Array. The GCC is designed
to provide an electrically isolated or floating ground subsystem for 6
the protected area with respect to the earth, or mother earth itself. '
Since the induced charge created by the storm is at the earth's
surface, that portion of the earth's surface containing the facilities
to be protected is usually surrounded with the GCC as illustrated by
Figure 7. The GCC is composed of the Ground Current Collector wire
buried to a depth of about 25 centimeters and ground rods about one
meter long connected with the GCC wire and spaced at intervals of
about ten meters. The enclosed area is often integrated by a net

of cross conductors which also connect surface structures and public
utilities with the system. The cumulative resultant is an electri-
cally integrated island surrounded by and isolated from the less
conductive soil. The short ground rods give the island enough depth
to assure collection of any charge induced within the area of concern,
thus isolating it from its less conductive surroundings. It func-
tions as follows: as the charge moves into the area it first inter-
faces with the GCC which provides a preferred path for the charge

from this point of interface to the dissipator or ionizer assembly

by means of the service wires, thus essentially bypassing the pro-
tected area. As schematically portrayed in Figure 8, the current

flow thus created through the surrounding surface soil causes a small
voltage drop across that soil resistance such that the electrically
isolated island established by the GCC is reduced to a lower potential
than its surroundings.
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The service wires function to provide a direct, low-resistance path
from the GCC to the ionizer and to integrate the protected facility
and its grounded points. 1In contrast to a lightning rod system,
these wires carry low current levels over the shortest path possible
and are selected more for structural integrity than for current
carrying capacity, the maximum current flow being in the milliampere
range (measurements indicate less than % ampere at maximum).

The significance of the electrically isolated island and ionic
current flow from it is summarized in the following:

(1) The current flow from the ionizer through the air space above
it reduces the potential of the protected site and facility
with respect to its surroundings by draining a part of the
charge from the protected area. The resulting impact is over-
emphasized by Figure 9.

(2) The presenceof free ions or space charge between the protected
facility and the cloud structure forms a type of faraday shield
between them, thus providing some isolation for the facility
from much of the storm influence.

(3) The cloud potential is reduced to some degree by those ions
reaching them, thus neutralizing a small portion of its charge
and augmenting the natural dissipation provided by both man
and nature.

Design Considerations o)

The DAS is not merely a single configuration, but a multiplicity of
shapes and sizes. Each system must be engineered to fit the facility
to be protected and often the site as well.

Many factors influence the DAS design, including size of the area,
height of structures, shape of structures, prevailing wind conditions,
soil type, functional requirements and constraints of the facility

to be protected, and finally, the protective mode to be used for

each specific problem. The protective mode factor involves:

Selection between area coverage vs unit-by-unit coverage;
Selection between grouped coverage vs total coverage; and,
Selection between coverage from above vs coverage from below.

Other factors are of less significance, but site or system peculi-
arities can change their relative significance.

Some Practical Considerations

Caution: The Dissipation Array System is protected under U.S.Patent
laws, Serial No. 4180698. LEA will prosecute anyone who
infringes on this patent because of the potential impact
on our reputation of failed systems.
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The Dissipation Array System is a concept for which there are many
potential designs, perhaps as many as there are variations in the .
type of facilities to be protected. However, there are a few basic —
design configurations that are used repeatedly, the dimensions for

which vary significantly with the facility to be protected. Some of

the more useful configurations include:

The Hemisphere Array as illustrated by Figure 10 is usually used for
the protection of towers that range in heights up to about 100 meters.
It may be used in conjunction with a tower or elevated structure to
protect facilities such as substations, tank farms, watertowers,

radar installations, launch pads, etc.

This Array is shaped similar to a segment of a hemisphere where the
top is at 90 degrees with respect to the tower or supporting struc-
ture and the sides are parallel to that structure, thereby making a
full 90 degree arc with the dissipating medium. The size can vary
in overall diameter from about 1.6 meters to 6.0 meters or more.

The Trapezoid Array as illustrated by Figure 11 is used for the
protection of very high towers, for those towers considered vulner-
able to side strikes, and/or, where there must be components above
the Array. Examples include television and FM Radio Transmitting
facilities.

This Array is designed to attach directly to the tower as near to

its top as possible. The lower end can either be attached to the éga
existing upper guys or it may be anchored to the existing tower S
anchors. This Array has the advantage of not adding any appreciable

wind load to the tower and very little static load.

This Array is trapezoidal in shape, being larger at the base than
at the top by factors of up to 6 to 1. The specific size varies
with such factors as tower height, face width, function, surround-
ing topography and interference constraints. This form of Array
does not need to be the uppermost hardware on the tower. These
Arrays have been successfully used on towers approaching 350 meters
in height with antenna extending 30 meters above the Array.

The Conic Array as illustrated by Figure 12 in one application may
be used in conjunction with many structural shapes, but has signifi-
cant esthetic drawbacks. It is supported in the center by a pole or
tower and each dissipating wire is brought down separately to ground,
resembling a May Pole. The Array's conic angle may be varied over

a wide degree, depending on the facility to be protected. This is
probably the least costly Array to produce.

The Building Array is to be used in place of lightning rods to
Protect any type of building. It must be designed to fit the
specific building. Figure 13 illustrates a particular application
for a simple house or building. The location of the dissipating wire
is important as it must be deployed so as to assure interaction with
the lines of egual potential as they form on the roof or uppermost
part of the structure. This Array is constructed on site.
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Figure 10, A Typical llemisphere Array Installation
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