IEEE Transactions on Power Delivery, Vol. 4, No. 2, April 1989

1175

AN EXPERIMENTAL STUDY OF IONIZING AIR TERMINAL PERFORMANCE

K.P.HEARY A.Z.CHABERSKI S.GUMLEY J.R.GUMLEY F.RICHENS J. H. MORAN
MEMBER NON-MEMBER NON-MEMBER NON-MEMBER MEMBER FELLOW
IEEE IEEE IEEE IEEE IEEE 1EEE
HEARY BROS. CONSULTANT COMPONENT RESOURCES LAPP CONSULTANT
LTNG.PROT.CO. BUFFALO PARTY, LID. INSULATOR STAFFORD,
SPRINGVILLE, NEW YORK HOBART ,TASMANIA, LEROY, NEW YORK
NEW YORK AUSTRALIA NEW YORK

Abstract sions are enhanced by test data from an installation

An experimental study of the performance of ionizing
air terminals versus non—ionizing air terminals is
reported. Radioactive sources were used to obtain
ionization of the air surrounding the tip of the air
terminals.

The tests were conducted at the John Lapp High
Voltage Laboratory at LeRoy, New York under con-
ditions approximating the natural setting. The tests
were performed in an outdoor area of the laboratory.
Tests were made during both rain/fog and clear
weather with the natural bias produced by the clouds
above the testing area, and also under artificial
bias. This arrangement permitted the study of the
high relative humidity effects conducive to the suc—
cessful functioning of the ionizing air terminals.

Some tests were conducted at low humidity in suany
weather for the sake of comparison. All the tests
were performed on a comparison basis in which a
radioactive air terminal was compared directly with a
non-radioactive air terminal. Both air terminals had
exactly the same geometrical configuration in each
test conducted. The standard (non-radioactive) air
terminal chosen was the Franklin Rod. The tests
results indicate a substantial superiority for the
ionizing terminal when tested under realistic
conditions. These results are in agreement with
those obtained in field installations.

Introduction

Some previous publications (3,5,10,11) have implied
that there is no actual difference in performance
between ionizing and non-ionizing air terminals.
These tests were, however, made in an outdoor
environment using a sharp pointed metal rod as the
high voltage electrode. Other publications (6,7,8,9)
which refer to results at actual installations indi-
cate a large superiority of the ionizing air terminal
over the non-ionizing air terminal. These conclu-

88 SM 572-0 A paper recommended and approved
by the IEEE Transmission and Distribution Committee
of the IEEE Power Engineering Society for presentat-
ion at the IEEE/PES 1988 Summer Meeting, Portland,
Oregon, July 24 - 29, 1988. Manuscript submitted
August 31, 1987; available for printing

May 27, 1988.

of various air terminals in Western New York, where
since October, 1987, a period of 4 months; only the
ionizing terminal has been struck by natural
lightning a total of 4 times. Communication towers
in the area of the test site are not being hit as
they previously were by lightning and the ionizing
air teruwinal is located on a pole lower than the com-
munication tower that had been struck prior to this
time.

The objective of this experimental study was to
determine the influence of ionization at the tip
of the air terminals on the probability of flashover
with a specific focus upon comparison of the ionizing
air terminal to an identical air terminal without a
radioactive ionizing source, under realistic
conditions. The test consisted of a comparison of
the number of electrical high voltage discharges from
the "cloud terminal': to each of the pair of ter-—
minals being tested: one radioactive terminal and
one standard terminal (mon-radioactive) of exactly
the same geometry.

The conditions under which such a test is conducted
should be close as possible to natural coaditions
during and just prior to rain. Therefore the test
should be performed at high relative humidity
approaching 100% and electric bias should be applied
similar to that present during thunderstorms. [2]

The natural conditions sought were those of rain,
high relative humidity and biasing by the cloud above
the testing area.

These are the required conditions for proper testing
of air terminals. 1In this study, a natural lightning
discharge was not practical therefore flashover
voltage was provided by the use of a high voltage
impulse generator whose rating is 4.3 megavolts, 115
kilojoules.

In the natural thunderstorm, a charged cloud, which
is the source of discharge, is an extended terminal
not a point. Therefore, in these tests, an extended
terminal in the form of a rectangular flat platform
with stretched metallic wire mesh served as the high
voltage terminal. This source of discharge was
termed the "cloud" or "cloud terminal". (Figure 1)

This experimental arrangement provided stability
against the influence of outdoor winds and provided a
uniform electrical field in the central part of the
cloud terminal where the air terminals which were the
subject of testing were positioned.

Experimental Part

The experimental setting is shown in Figure 1, and in
the photograph, Figure 2.
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Uslag the cxperimental setting depicted in Figure 1, Consequently, the measurements of the height of the
the tests were made using a standard switching air terminals had to be precise, since a difference
impulse wave shape (250 x 2500 microseconds.) In in heights would have the effect of superimposing on
some tests, a standard lightning impulse (1.2 x 50) random flashover events a tendency toward higher fre-
microseconds) was used. No significant difference quency of discharges to the air terwinal tip which is
between the two wave shapes were observed, except closer to the cloud terminal. This unwanted effect
that, as would be expected, the faster wave froat of was avoided by carefully and precisely measuring the
the lightning impulse required a higher voltage for height of the terwminals in all instances to ensure
flashover, The polarity was set negative with that there was equal distance between each air ter-
respect to the ground as it is in most instances in minal tip and the cloud terminal.

thunderstorms: cloud to ground [2]. In this study
the two terminals to be compared were placed in an
identical symaetrical position with respect to the
cloud terminal. The test terminals were sufficiently
separated to avoid any coupling effect.

Some examples of the length and intensity of the
streamers emanating from the air terminals are shown
in the photographs, Figures 3-5. 1In general terms,
the streamers frow the radioactive sources are longer
and brighter than are those from a non-radioactive
terwinal,

To D.C. biasing
__?m;‘mmc Laolatian Gap source
%. (170 o) _ The majority of the tests were performed under the
dee s clodd T —_‘ condition of winimuwa voltage vequired for the
teoainal ‘\.‘y/ / flashover thereby avoiding overvoltage. This con-
> dition simulated the natural setting with a necessary
I - and sufficient condition of minimun voltage.[2] The
~ 268° (68lam) randomness of the path of flashover is indicative of
; the fluctuations which occur in time with respect to
r'—"“ electric stress and the conductivity of the air.
This was documented on videotape for further study.
U &

-

Figure 2: PHOTOGRAPH OF TEST ARRANGEMENT

The parallelism of the fixed cloud terminal and the
ground was established by using post insulators of
identical length. This parallelism is essential to
ensure the equal distances of air terminal tips to
the cloud terminal.

It was determined experimentally that the difference
in height above the ground plane of air terminal tips
tested was critical. A difference in excess of 0.25
inches (64 mm) could not be tolerated because the
outcome of the flashover distribution was affected.
The flashover comes randomly from all parts of the
cloud terminal as observed by means of both video
tape and visual observations. A streamer usually Figure 4: STREAMERS FROM TEST TERMINALS
formed on the unstruck terminal when flashover

occurred to the other terminal.
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The voltage for flashover was always kept at the
minimum necessary and electric stress was adjusted to
approximately 12kv/inch (5kv/cm) which is the value
that is considered to be general level at which
actual lightning strikes occur.[2].

Description of Air Terminals

1. The ionizing air terminal is a Franklin rod -9.5"
(24.13cm) in height, modified by the addition of
a metallic saucerlike form 9" (23cm) diameter,
placed 4" (1l0cm) below the tip and containing
radioactive sources -Figure #6

2. The Ellipsoid air terminal is a Franklin rod,
which goes through the metallic hollow Ellipsoid
and protrudes 4.5" (11 cm) above it. The
Ellipsoid is electrically insulated from the rod,
and therefore is in a "floating condition."
Radioactive sources can be placed in an indenta-

Figure 5: STREAMERS FROM TEST TERMINALS tion below the tip which is 0.25"(lcm) deep and
- 4,5"(1lcm) wide. Dimensions of the prolate
In addition, specific tests were wade to determine Ellipsoid are: 2a=20"(5lcm), 2b-14"(36cm).
experimentally the existence of space charge and its Figure #7
influence on  flashover events. These particular
tests, used only one Franklin rod air terminal. The
arrangement permitted the determination of the mini- 3. Radioactive sources rating:
mum voltage necessary for flashover. Thereafter, a
measured bias of 40kv negative D.C. was applied 1. Radium - 72 Microcuries
between the cloud terminal and the tip of the II. Thorium - 0.72 Microcuries

Franklin rod which were separated by 145.25 inches
(369 cm). Again, the minimum flashover voltages were

determined. The voltage necessary for flashover The data in Table 1, is a sample of the extended data
(1800kv) was the same in both cases, ' thereby base obtained using the arrangement described in
demonstrating that there was no effective space Figure 1 under a wide range of atmospheric conditions
charge influence present. of bias. In general, there are four (4) important
conditions:
3 5
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©f - ] .
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i o [4 oc overs |93 geele 2c © c o
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) Hizh relative humidity - no bias
.) High relative humidity with bias
) Low relative humidity -~ no bias
) Low relative humidity with bias

FIGURE 6: RADIOACTIVE IONIZING AIR TERMINAL

The standard practice in high voltage ex-
periments is to take about 20 flashover
events as indicative of statistical trend.
In the present experiments, each point in
Figure 8 & 9 collectively are composed of
close to 1000 events, a significantly la-
rge enough statistical base to support the
conclusion regarding the experimental tr-
end.

Another effect which is important to account for,
is the influence of the difference of electric-
stress at the tip of air terminal on the flash-
over probability. Therefore two air terminals
were placed under the "cloud", one of the spher-
oidal shape with diameter of 35 cm. and with the
blunt tip, and the other was chosen to be the
standard Franklin Rod with the sharp tip. The
heights of both terminals were the same (98 cm),
separation of test terminals (213 cm) was suff-
icient to avoid coupling effect and the distance
of both terminals to’thé "cloud" was 369 cm.

When the voltage for‘discharge was applied, all 20
flashover events weht to the Franklin Rod. The
spheroid terminal had to be raised closer to the
cloud terminal by 19.7 cm. to become equivalent to
the Franklin Rod, that is 10 flashover events to
each terminal. This experiment demonstrates geo-

metrical sensitivity for the attractiveness of
flashover and is related to the electric stress
at the tip of the test terminals.

Such a "bluntness" effect can be produced like-
wise by closely packed multiple sharp points at
the tip of the terminal or strong corona dis-
charge.

In general, strong ionization is not necessarily
better, but indicates that there is an optimum
condition for the attractiveness of flashover
to the terminal if additional conditions are
also fulfilled. Figure 8.

The terwn "bias" is intended to refer to the more or
less steady state coudition of elevated electrostatic
field stress which exists prior to a lightning
strike. It is to be expected that the stream of ions
emanating from the various designs of terminals would
be affected by the presence of this electrostatic
stress. To study the behavior of the various ter-
minals under such stress, the testing circult was
modified. )

A divect current source was connected to the "cloud"
so that steady state direct voltages could be applied
for whatever period of time was chosen. This "bias"
voltage was maintained up to and during the firing of
the impulse generator. To prevent damage to the D.C.
source, a special protective circuit was used.

The bias voltage was varied over a wide range to ob-
tain 1 kv/meter (.025 kv/inch) to 20 kv/meter (0.5 kv/
inch) average stress. The average stress was calculat-
ed using the 3.55 meter (140") spacing from the tips of
the terminals being tested to the bottom of the cloud.

In this investigation, the bias at high relative
hunidity was provided by either natural sources,
i.e., the raining cloud, or by a separate bilasing
circuit. Testing of air terminals must be carried
out under the conditions existing in thunderstorms,
i.e., high relative humidity and bias. These con-
ditions must also be maintained even for testing the
geometrical form effectiveness of air terminals to
attract the flashover (lightning) when comparing to
the standard Franklin Rod.

In a planned subsequent paper a study of the geometr-
ical effects of air terminals which is too extensive
for inclusion here will be presented.

In general, the flashover path is determined by the
highest electric conductivity channel in the air at
the moment of discharge and also the highest electric
stress present.

FIGURE 7: ELLIPSOID AIR TERMINAL

These two conditions are responsible for the uneven
path appearance of the flashover spark. The for-
mation of the streamer at the tip of the air terminal
which propagates towards the 'cloud terminal” is
controlled by the Townsend avalanche process [1],
which depends on the ion concentration at the tip and
electric field present. '



The strong formation of the streamer at the tip
required intitial high ion concentration and high
electric stress [1l]. The streamer is formed on each
air terminal and the one which is stronger results
in the successful flashover.

In Figure 8, percent flashover of ionizing to non-
ionizing air terminal is plotted as a function of
applied electric biasing voltage, at two levels of
relative hunidity and radioactive activity.
Radioactive activity determines the level of ion con-
centration at the tip of air terminal. The ion cloud
at the tip is composed of positive and negative ions
generated by collisions of high speed Alpha and Beta
particles streaming from the radioactive sources.
These particles also are responsible at high relative
humidity for the formation of ionized fog as in a
Wilson cloud chamber. Therefore one expects sone
dependence of flashover probability on relative
humidity. The result presented in Figure 8, shows
that at low relative humidity and low electric bias
the frequency of flashover to non-ionizing air ter-
minal dominates; indicative of the depressive effect
of ionized air at the tip of air terminal.
Conductive air space at the tip decreases electric
stress not conducive for the generation of a strong
streamer and the ionizing air terminal appears blunt
rather than sharp with respect to the "cloud".

At the biasing level in the range from 1 to 20 kv/m
associated with the actual thunderstorm activity,
however, the ionizing terminal forms a long, strong
streamer which causes the lonizing terminal to appear
much "sharper" than the non-ionizing and results in a
shifting of flashover activity to that terminal.

The percentage of flashover is strongly dependent on
relative humidity suggesting that ionized fog is the
doninant factor in enhancement of flashovers at
ionizing ailr terminals. Finally, at very strong
biasing, the percentage of flashover drops again due
to the fact that corona discharges are produced on
both air terminals making them identical, and
modified to some degree by the presence of ionized
air produced by radioactive sources.
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In Figure 9, percentage of flashover of
ionizing to non-ionizing air terminal is
depicted versus percentage of relative hu-
midity at different levels of electric bi-
as. Over all, the points at high relative
humidity are above 50%, indicating that
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flashovers at this range are more frequent
to an ionizing air terminal. This range-
corresponds to the actual atmospheric. con-
ditions just prior to a lightning stroke.
Lower levels of probability apply to less
likely strike conditions. Furthermore, the
vertical points scatter of flashover per-
centage at a fixed relative humidity level
is due to the different natural and imposed
electric bias levels as can be seen for
comparison in Figure 8. In general, the te-
ndency for the flashover to the radioactive
ionizing air terminal at relative humidity
above 70% is significant and indicates that
ionizing air terminals are attracting flas-
hover more efficiently than non-ionizing
air terminals,
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Fig. 9 (UNDER NATURAL & IMPOSED BIAS)

Conclusions

1. From Figure 8 & 9, it can be concluded that under
the conditions of high relative humidity and elec-
tric bias the radioactive ionizing air terminal is
more likely to attract flashover than is the non-
ionizing air terminal and these are the conditions
present during the thunderstorm activity.

2. Conclusion 1 suggests that the area protected by
the ionizing air terminal is appreciably larger
than that of the non-ionizing termials.

3. More effective protection for natural lightning
strikes is provided by the ionizing. terminal.

4, Tests made indoors do not produce the results
obtained in outdoor conditions because there 1s
no natural bias since the building is effectively
screening the outside electric field, and
likewise relative humidity is modified inside
building enclosure.

5. Radium sources are more effective than other
sources because of higher specific activity.

6. Since the results using ionizing air terminals in
the field, both in Western New York and in Aust-
ralia [ 7] show the same relative results, i.e.,
the ionizing air terminals struck more often than
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the non-ionizing types, it is reasonable to beli-
eve that the laboratory tests set up and proced-
ure described here is a valid means of comparing
various air terminals. This is true despite the
fact that the length of the first step in natur-
al lightning is much larger than that used in

the laboratory study.
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DISCUSSION

Gianguido Carrara (CESI, Milano, Italy, EC) The Authors
must be commended for the well conducted and exhaustive
tests performed and for the detailed publication of the
test results. It would be difficult, however, to find a
better test to reach a conclusion exactly the opposite
to that of the paper: Ionizing material does not affect
the protection given by a lightning rod. The indication
of a preference for strokes to the ionized terminal is
shown in Fig. 9, for humidities higher than 70%. This
“preference", however, consists in an average value of
60% of strokes to the ionized terminal, against 50% in
case of no effect. Is this a "protection"?! This effect
is made even more problematic by the large scatter af-
fecting the results (from 45% to 75%). The Authors say
the scatter is "furthermore" attributed to the differ-
ence in bias level "as seen in Fig. 8". This figure and
the relevant explanations do not «clarify the problem,
even less the word "furthermore". Against the claimed
influence, finally, stays the warning contained in page
2 (first column, last paragraph) where it is emphasized
the high precision necessary in equalizing the heights
of the terminals, since it was determined experimental-
ly that a difference of a quarter of an inch (!!!) can-
not be tolerated as affects the flashover distribution.
This effect can, actually, be observed in TABLE I com-
paring Test n. 2 with Test n. 1: increasing the length
of the Franklin Rod of 3 inches reverses the flashover
distribution. In other words, increasing the height of
a rod of inches is equivalent to installing radioactive
material! All this is more than enough to justify the
aforementioned opposite conclusion.
Who could not follow the work of CIGRE should examine
all references given by Golde [1}: they deny any prac-
tical effect of ionizing material. Furthermore, exten-
sive studies on discharge formation in long air gaps
confirm this statement. In the majority of the cases
the downward flashes are negative and strike where the
upward positive leader starts. The leader formation de-
pends on the electric field produced around the tip of
the rod by the charge in the cloud and in the descend-
ing channel. The rise of the field strength around the
rod is, therefore, very slow, hundreds of microseconds,
so that the natural ionization of the air is enough to
have a free electrons in the position required to start
the phenomenon [2]. This is why the increase of produc-
tion of free electrons has a negligible effect.
[1) R.H.Golde (1977) "Lightning" (Book) Academic Press
London - New York - San Francisco. Vol 2, pp. 569-576.
[2] The Les Renardiéres Group (1972) "Research on long
air gap discharges at Les Renardiéres" Electra n.23,
July 1972, pp. 105-120.

Manuscript received August 9, 1988.

Discussion

Ian S. Grant, (Power Technologies, Inc., Schenectady, New York): The
concept of enhancing the performance of lightning protection rods through
use of radioactive materials is a very old one. Previous studies of the subject
did not provide a convincing demonstration that this technique is effective,
although, of course, the nature of lightning makes it difficult to provide
such a demonstration in a limited scale experiment. An excellent review of
the subject may be obtained from Golde (reference 2 of the authors).

The authors have described a study in which improved performance is
claimed by a preferential flashover to ionizing terminals. However, this
would seem to be an inappropriate basis of comparison. The sensitivity of
flashover location described and the results presented in Figures 8 and 9 by
the authors show that any improvements are at best minimal, and that the
converse to conclusion 2 of the paper would be a better assessment of the
performance found. Similarly, the results of the field installation fail to
demonstrate any improvement in protection, even if results over such a
short period as four months could be considered as reliable.

Manuscript received August 9, 1988.
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A. C. Liew, (Department of Electrical Engineering, National University of
Singapore, Singapore 0511): The authors have done interesting work on the
performance of some ionizing air terminals but I find some of the
conclusions drawn rather misleading and disturbing.

The experimental study was done using an extended terminal and not a
point and it was emphatically stated that it is representative of the source of
the discharge—the charged cloud. Yes, the cloud is indeed an extended
terminal but this cloud base is typically 3 to 5 km above ground. For a
downward stroke, it is well known that the lightning leader discharge
proceeds earthward as a point (the leader tip), guided only by the local field
distribution ahead of it and not by features in the ground until striking
distance is reached. Hence, at the moment of stroke target determination,
the lightning leader should be simulated by a point (the leader tip) and not an
extended terminal system (the whole cloud base). The presence of the d.c.
electrostatic field bias afforded by the extended terminal system is,
however, important.

The authors themselves have stated that the difference in height above the
ground plane of the air terminal tips tested was critical citing that 0.25” (6.4
mm) was sufficient to upset the flashover distribution pattern. This can also
mean that any terminal device which can effect a flashover distance
advantage of as little as 0.25” (6.4 mm) will, in this experimental set-up,
cause all flashovers to be directed to it.

Because of the above two limitations, I dispute conclusion 6 that the set-
up is a valid means of comparing the performance of various air terminals
under lightning conditions. Not withstanding the -above, I find the paper
informative and the authors are encouraged to continue the tests.

Conclusion 2, which states that the results suggest that the area protected
by the ionizing air terminal is “‘appreciably larger’’ than that of the non-
ionizing terminals, is disturbing. No where in the paper has there been any
attempt to determine the area of attraction of any kind of terminal. The use
of the phrase ‘‘appreciably larger’’ is misleading as it has not been
quantified.

Manuscript received August 10, 1988.

C. Menemenlis, (University of Patras-Greece.): The authors made a
serious experimental effort to detect possible effects of radioactivity on the
attracion of lightning by a lightning rod. Their results, however, do not
show that such an effect is present and it is difficult to justify the conclusions
drawn in the paper by the presented experimental results. The small
differences in breakdown probability between radioactive and non radioac-
tive aerials reported in table 1 and Fig. 8 and 9 obviously lays within the
confidence limits of the measurements.

The curves of Fig. 8 do not show a systematic increase of breakdown
probability of the radioactive rod. It is also difficult to understand the
authors’ insistence to relate breakdown probability with relative humidity
while it is well known that absolute humidity is the governing factor.

The authors do not make any statistical analysis of their results neither do
they give sufficient details of the test procedure in order to enable a rigorous
statistical analysis by a reader of the paper. Reference to the physical
background that could justify such an effect is not made, neither conclusive
theoretical consideration by Muller-Hillebrand, H. Baatz and numerous
other workers which show that such an effect could not exist, is reported. A
vague reference is only made at the initial report of Muller-Hillebrand
without even elaborating at the negative conclusions of this report.

The references 6, 7, 8, and 9 which, according to the report, *‘indicate a
large superiority of the ionizing air terminal’’, are either by the authors
themselves or by manufacturers of such devices. Furthermore, some of the
references, given at the end of the paper are not formal publications and for
some of them is not given sufficient information enabling the reader to find
them. :

The idea of improving the attracting capability of the Franklin rod by
using radioactivity was initially presented, at the beginning of the century,
by a collaborator of Marie Curie. This idea was never supported by
conclusive experimental results. Theoretical and experimental consider-
ations by Muller-Hillerbrand of the Upsala H.V. laboratory have shown
that such an effect could not exist. The extensive studies on the physics of
the discharge of long gaps performed during the last two decades in large
part by the Renardiere group, form a solid physical background by which it
can be theoretically understood why such an effect could not exist.

Manuscript received August 17, 1988.

4. When Golde [4]

DISCUSSION

ABDUL M. MOUSA (British Columbia Hydro, Vancouver, BC,
Canada): Examining available literature on the subject
of radio-active lightning rods suggests that only the
documents produced by the manufacturers and
distributors of such devices, including this paper,
claim them to be effective. On the other hand, all
studies done by independent investigators found them to
be ineffective. In addition to references 3, 5, 10 and

11 of the paper, there are 3 other references which

find radio-active rods to be ineffective, see [1-3]

below. The authors' response to the following comments

and questions would be appreciated:

1. The results of tests 1 and 2 in Table 1 indicate
that a 3" difference in height reverses the
distribution of discharges between the
radio-active rod and the Franklin rod. This being
the case, would it not be more economical to
increase the height of the Franklin rod(s) by 3
inches instead of incurring the «cost of
radio-active devices?

2. Effective shielding can be easily provided, even
for very tall structures, using conventional
lightning rods and wires [5]. Also, item 1 above
indicates that the contribution of radio- active
devices, if any, is rather insignificant. This
being the case, what justification do the authors
have for promoting the spreading of nuclear
pollution sources over our buildings and cities?

3. Natural 1lightning discharges are known to
originate from the clouds, then progress downward
until they terminate on ground objects. In the
tests reported in this paper, the opposite was
happening: the discharge starts from a lightning
rod, then progresses upwards until it terminates
on the so-called "cloud electrode". Does this not
indicate that the adopted test set-up is not
representative of actual conditions? As discussed
below, the cause of the problem seems to be the
gap configuration used in the study.

first calculated the striking

distance in 1945, the source of the discharge

consisted of only a vertical leader with
exponential charge density distribution (mo cloud
charges). This is because it was found that the
effect of the charge remaining in the cloud on the
striking distance was rather negligible. Since
then, it has been widely accepted to take the
upper electrode in the lightning discharge process

as a rod. What justification do the authors have
for employing a plane instead? The approach
adopted in this paper implies that lightning

strikes to flat ground should be represented by a
plane-to-plane gap. The discusser notes that such
a proposition has never been made by any other
researcher.

5. Proving the effectiveness of a shielding system

requires many years of field observations. The
discusser feels that a record based on a 4 month
period is rather insignificant. Further, no
description  of the installation and the
surrounding structures and terrain is given in the
paper. Considering that commercial radio- active
rods have been in use for over 25 years, why did
the authors not give a more substantial service
record? Golde ([3] describes a case in which
radio-active rods failed in preventing lightning
from striking a Vatican installation in Rome in
1976. What is the authors' explanation of that
failure incident?

6. When attempting to prove that radio-active rods

are superior, the discusser suggests that the

following be noted:

(a) Showing that radio-active rods can provide
effective shielding to a given installation

does not mean much-by itself because Franklin



rods have been proven to be able to do the
same when properly designed.

(b) Showing that a radio-active rod would collect
more discharges when placed side-by~ side
with a Franklin rod does not mean much either
because such a set-up has no practical
application.

(c) The proper approach is to prove that radio-
active rods have a larger ‘"protective
radius". Referring to Fig. 1, the following
test plan is hereby proposed: Use a model of
a Franklin rod installation which gives only
partial shielding, apply 100 switching type
surges using a fixed rod electrode, and
determine the corresponding number of
shielding failures n. Let the distance
between the rod and the protected object in
this case be D;. Next, replace the Franklin
rod by a radio-active rod having the same
height and increase its separation to the
protected object (distance D) until the same
performance (n shielding failures per 100
applied surges) is obtained. The
radio-active rod would be superior only if

. distance Dy was significantly larger than
distance D;.
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Fig. 1. Test set-up proposed for determining whether

[1]

[2]

[3]

[4]

(5]

radio-active rods are worthwhile.

The discusser notes that most of the citations of
the paper are incomplete, thus making it
difficult/impossible to locate them, Figs. 8 and 9
have no titles, and several of the conclusions do
not follow from the material given in the paper.
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K.P.HEARY, A.Z. CHABERSKI, S. GUMLEY,
J.R. GUMLEY, F. RICHENS, J.H. MORAN

?he authors are grateful to the discussors
for their comments and interest in our
experiments. We are pleased to give the

following reply to the questions raised by
them. .

All of the discussors seem to be concerned
with the authors’ statement that the
relative size difference of 1.5 inches in
height between ionizing and non-ionizing
air terminals is significant. It should be
realized that this small difference is
referred to the small strike distance used
in the experiments. I1f the ratio of i

equal to approximately 1% is referred to a

natural strike distance of some 1000
meters, the difference quoted  assures
proportion of about 10 meters, - a very
significant difrerence in air terminal

peight and in' the size of the correspond-
ing zone of protection. Both of these are
confirmed by field experience.

Dr. Carrara

It is always recognized that any form of
laboratory test will be but a poor
substitute for field recording. The
important point from the test methodology
is that an effect is shown to exist and
this effect has some dependence on
humidity. The scaling of the effect is
difficult to quantify and further testing
on air terminal configuration is in
progress.

In respect to the effect of natural
ionization, it is suggested that charge-
induced conductive space exists around an
air terminal whicn tends to inhibit or mask
the electric field increase at the tip.
The effect of this conductive air creates a
non-linear field and forces a downward
leader to approach closer than would be
expected in order to initiate an avalanche.
It is conceivable but not proven that the
effect of radioactivity could modify the

field gradient and lead to an earlier
avalanche.
Mr. Grant
Mr. Grant has quoted from one of our

references of which we are well aware. The
purpose of our experiments was to show the
need to change direction in the method of
testing air terminals, that is, the use of
bias, overhead cloud, slow risetime etc. to

more accurately simulate nature. We
believe our results invalidate previous
results conducted indoors and sets the

pattern for future testing.
Dr. Liew

One problem of high voltage testing is to
ensure that the discharge is upward
propagating. This would not necessarily be
so if the cloud was a point as suggested by
Liew. The purpose of the experiment was to
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compare the upward discharge process at the
air terminal against competing ground
connected points.

It is agreed that the term "appreciably
larger” may be misleading. The term
"larger" is more appropriate until the
results of further testing are available.

Professor Menememlis

The work of Baatz and Muller-Hillebrand is

well known to the authors. Both are
considered of historical interest. . The
former reached conclusions without

simulating the natural conditions attempted

by the authors. The latter conducted
static tests of ion emissions under field
conditions. These tests concluded no
effect existed, but no recording was made
of the dynamic situation during the
approach of a downward leader. Conversely,
Thum was able to repeat the work of
Muller-Hillebrand in Malaysia and go on to
show an improved performance of a radio-
active air terminal during leader approach.
That is, a different performance is
observed under static and dynamic con-
ditions. With respect to the comments that
theoretical and experimental consideration
of the work ir Muller-Hillebrand Upsala
High Voltage laboratory and the studies at
Les Renardiere show that the improvements
of the attracting capability of the
ionizing air terminal could not exist we
are reminded of the same type of theoreti-
cal studies in the earlier days of aerody-
namics which proved conclusively that the
bumblebee - could not fly! Later work, of
course, corrected the errors in the earlier
thinking.

Dr. Mousa

Contrary to the suggestion by Dr. Mousa,
natural lightning discharges do not
propagate downward until they terminate on
a grounded object. It is well known that
the lightning down leader causes an upward
intercepting leader to originate from a
grounded object. The aim of the experi-
ment was to trigger upward discharges from
positive ground points and thus simulate
conditions which occur in nature. The
reference and test terminals were placed in
a competitive sictuation to determine the
advantage of one over the other. The
simple use of rod/rod configuration does
not achieve this objective.

In developing a test scenario, the key
requirement was to create an upward
discharge as occurs in nature. This is
best performed by an artificial cloud which
simultaneously could be used to generate
bias.

The claim that nuclear pollution is being
spread over our buildings and cities is
totally unfounded. In today's environment
regular testing of sources for leakage is
mandatory. The level of radioactivity used
in the current models of ionizing air
terminals is well below any and all
governmentally approved standards.

The authors cannot comment in detail on
commercial 1installations as claimed
attractive zones and installation methods
are widely variable. In the opinion of
the authors, claims of some producers of
radioactive air terminals are not
supportable in either theory or field
performance. This does not mean that some
effect from radioactivity is not present in
other situations. The purpose of the
experiment was to try to identify and
quantify the effect.

With respect to the Vatican incident, there
are several questions still not clear even
at this late date. The main question has
to do with the installation being properly
spaced and installed. There is also some
question, occasioned by the lack of ability
to check the installation, that the
terminals were in fact radioactive.

Regarding Para. 6 (a) we must ask the
question “"What is a properly designed
Franklin Rod?" We have seen rods with
single points, multiple points, blunt
points and sharp points, even points with
roosters on them, but nowhere have we found
literature showing what comprises a
"properly designed" Franklin Rod and proof
of performance of that rod.

In Para. 6 (b) the suggestion is to simply
replace the artvificial cloud with a rod.
This we do not believe is correct
procedure. However, we do intend to make a
few tests using both the cloud and a rod
simultaneously.

Finally, we apologize to all for the lack
of sufficient detail in some of the
references given. The following additions
are made to the noted reference. In any
case, copies of references [6] through [11]
will be furnished by Mr. Heary to
interested parties, upon receipt of a
request for same.

[7] Executive Editorial Office
610 Washington Street
Dedham, Mass 02026

[8] 59600 Douay, France

[10] Societe Francaise Helita

116 Rue ou Bac - 75007
Paris, France

Manuscript received September 15, 1988.



