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APPARATUS AND METHOD FOR 
ELIMINATING X-RAY HAZARDS FROM 
ELECTRICAL POWER DISTRIBUTION 

FIELDS 

RELATED APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 08/264,470, ?led Jun. 23, 1994, noW abandoned. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to electric poWer 
systems and electrostatic and electromagnetic ?elds associ 
ated With high voltage ?elds; more particularly the invention 
relates to X-ray radiation in such ?elds, Which is suspect in 
the etiology of leukemia and other forms of cancer. Health 
haZards to persons from prolonged exposure to such ?elds 
are eliminated by preventive systems and equipment shield 
ing according to the invention. 

For several years studies have indicated a strong statistical 
relation betWeen various childhood cancers and proximity of 
persons to high tension poWer lines. A Johns Hopkins 
University study by S. J. London et al. shoWed an especially 
high correlation of cancers to extremely high voltage lines. 
This study Was done by comparing the utility poWer con 
?gurations associated With childhood leukemia With a ran 
dom sampling of people in the Los Angeles area. It shoWed 
tWo to three times higher occurrence of high poWer lines in 
the vicinity of the leukemia patients than for the general 
public. Other studies have shoWn an occurrence of breast 
cancer in male poWer line Workers approximately four times 
that of the general public. 

Because of such studies, poWer companies have been 
attempting to ascertain a causal relation betWeen the pres 
ence of poWer lines and the health effects. When the loca 
tions studied in the Johns Hopkins University study Were 
checked for electric ?eld strength—i.e., electric and mag 
netic ?elds, no correlation Was found. Despite the lack of 
correlation to electric ?eld strength or magnetic ?eld 
strength, reduction of these ?elds has been the primary focus 
of the poWer companies, for lack of more de?nitive 
approaches. 

Certain relevant technical aspects are Well knoWn in the 
art. The electric ?eld surrounding a loW frequency conductor 
is approximately perpendicular to the surface of the 
conductor, as With poWer lines With corona discharge, and 
?eld strength increases near small radii. The equipotential 
lines are parallel to the conductor and the gradient is 
perpendicular to the surface in the vicinity of the surface. 
The Wavelength at 60 HZ is sufficiently long With respect to 
the ioniZation Zone around the conductor to ignore the 
component in the direction of the conductor. The high 
electric ?eld provides the energy to accelerate the free 
electrons to sufficient energy levels to generate X-rays. Soft 
X-ray levels are only 2—10 times the energy of hard ultra 
violet UV, and continue up from there. 

Extraneous electric and magnetic ?elds, Which Were 
thought to be a health risk associated With electric poWer 
transmission, Were avoided in the prior art by using various 
cable and Wiring arrangements, particularly coaxial trans 
mission lines con?gured so that return current ?oWs in the 
outer conductors in a bi-polar ?eld-cancelling mode particu 
larly suited to reducing electromagnetic ?elds. See US. Pat. 
No. 5,218,507 to Ashley, June 1993. HoWever, little atten 
tion has been given to X-rays caused by high voltage ?elds 
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2 
accelerating electrons in coronas. It has been believed that 
X-rays produced thereby are too soft to be of concern. 
Recently, there have been statistical studies of correlations 
of cancer cases With the possibility of X-ray generation in 
poWer plants in the vicinity of patients’ normal activity. See 
IEEE Transactions on Broadcasting, Vol. 36, No. 1, March 
1990. 

BRIEF SUMMARY OF THE INVENTION 

Recent research indicates a plausible cause and effect 
relationship betWeen ioniZing radiation and cancer effects. 
The electrical and magnetic ?elds emanating from 60 HZ 

poWer lines are noWhere near the energy bands that should 
produce ioniZing radiation. Therefore, high voltage dis 
charge corona effects appear to be a possible cause of X-ray 
generation. 

X-rays for common medical imaging are in the 20 keV 
(20 kilovolt electron) energy band. The energy released 
When an electron drifts in vacuum, through a 20,000 volt 
?eld, gaining kinetic energy, and impinging on an appropri 
ate target, converts kinetic energy to energetic photons, 
producing X-rays. 
An electron drifting through the same ?eld in air Would 

normally encounter a signi?cant number of air molecules 
Which, because of impacts, Would sloW the electrons doWn 
and prevent suf?cient kinetic energy to produce X-rays. As 
the electric ?eld strength increases, hoWever, the distance 
necessary to travel to gain the same kinetic energy 
decreases. This increases the chance that an electron Will 
gain the energy necessary to produce an X-ray When it 
impacts a target. The target material also affects the genera 
tion of X-rays, the ef?ciency increasing rapidly With increas 
ing atomic number (Z) of the target. 

High tension poWer lines produce extremely high local 
?elds. In places, these are higher than the 20 kilovolts/inch 
necessary to ioniZe the air. The corona thus produced is 
visible as a slight gloWing, under proper conditions, or may 
be heard as crackling on a radio When passing near high 
tension poWer lines. A strong discharge may even be audible 
in the proximity of high tension lines, but not all of this is 
corona, because some arcing also occurs due to surface 
contamination of the insulators and faulty insulators. 

In accordance With the invention, the electric ?eld 
strength may be reduced by several means and the target 
material may be changed. Providing such means and modi 
?cations are objects of the instant invention. 
Aprimary object of the invention is to reduce quantity and 

energy of X-rays generated by high voltage apparatus, by 
use of loW atomic number materials as corona discharge 
targets. The materials being conductive, insulating, or 
semiconductive, are used to coat, cover, or sheath high 
voltage transmission lines and components. 
An object of the invention is to use such materials to coat 

or form the discharge points of high voltage devices, includ 
ing lightning rods, high voltage contacts, sWitches and 
relays, and to use these materials (semiconductive or 
conductive) to form a coating material capable of covering 
rough/pointed areas including junctions and hardWare to 
further reduce X-ray generation by reducing arcing. This 
increases the effective radius of the conductor to reduce the 
electric ?eld strength and reduce target ef?ciency. 
Additionally, shielding may be employed against X-rays 
emitted from high voltage sWitches, relays, and intercon 
nects. 

Another object of the invention is to provide a method and 
means for remote sensing of ioniZing radiation, including 
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instrumentation to detect and measure, combined With a 
transponder to report arcing in poWer equipment, including 
poles and toWer installations. The detection methods include 
ultrasonics, X-ray, and radio frequency emissions monitor 
mg. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing How of monitoring 
information in a poWer station to assure that ioniZing radia 
tion does not become haZardous; 

FIG. 1A shoWs a typical monitoring installation; 
FIG. 1B is a side vieW of the installation of FIG. 1A; 

FIG. 2 illustrates a loW Z coating on an electrical con 
ductor to prevent the generation of ioniZing energy; 

FIG. 2A is an enlarged sectional vieW of the electrical 
conductor of FIG. 2; 

FIG. 3 is an elevational vieW shoWing use of loW Z target 
shields on an insulator in a poWer distribution toWer; 

FIG. 3A is a side vieW of the insulator of FIG. 3; 

FIG. 4 is an enlarged fragmentary vieW illustrating the use 
of loW atomic number (Z) conductive putty to reduce corona 
from sharp points in transmission system Wiring to provide 
a safe arcing target; 

FIG. 5 is an elevational vieW of a high voltage sWitch 
shielded to reduce X-ray emission; and 

FIG. 6 is an elevational vieW of a sWitch having loW Z 
contacts to carry the initial arc upon opening or closing to 
reduce X-ray generation due to loW target efficiency at the 
are site. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

X-rays represent the energy produced by the rapid decel 
eration of high speed electrons. Electron streams Which have 
been accelerated by strong electric ?elds surrounding Wires 
and hardWare are intensi?ed by sharp points. Suf?ciently 
high ?elds cause air to break doWn or ioniZe, thus causing 
coronas. 

High speed electrons, When sloWed by collision With the 
nuclei of some materials, produce X-rays. High atomic 
Weight nuclei more effectively sloW the high speed 
electrons, and thus produce both more X-rays and higher 
energy X-rays. Light atomic Weight nuclei are less effective 
in sloWing the high speed electrons, requiring multiple 
collisions, each of Which collisions only releases a portion of 
the total kinetic energy, resulting in loWer energy photons, 
such as light. The percentage of electrons Which are able to 
so interact so as to produce photons is dependent upon the 
target material. The energy spectrum (if visible light, this 
Would correspond to its color) of the resulting photons is 
also dependent upon the target material. 

Both the quantity of high energy photons and their energy 
(destructive poWer) are related to the square of the atomic 
number of the atoms in the target material into Which the 
electrons are impacting. When the target material is com 
posed of more than one element, the effective atomic num 
ber (Z) of the composite is determined by summing up the 
molar percentage of each element present, multiplied by the 
atomic number of that element: 

ZEffEm-w = Z; X Fraction; 

5 

15 

25 

35 

45 

55 

65 

4 
-continued 

summed for each element present in the target material 

The target does not have to contain metals; it is preferable 
that it contain only the lighter elements such as hydrogen, 
carbon, nitrogen, and oXygen. Substituting carbon (Z=6) for 
steel (Z=26) as the impact target Would reduce the X-rays 
generated by almost a factor of 19. Replacing it by poly 
isobutylene (Zejfecn-ve=2.67) Would reduce the generation by 
a factor of approximately 95 to 1. The effects Would be even 
greater if the original target Were copper (Z=29) or Zinc 
(Z=30). 

X-ray “shielding”, hoWever, depends roughly on the mass 
of the shield encountered. Thus lead, being quite dense, 
requires only a thin layer to effectively shield an X-ray 
source, as compared With a loWer density material such as 
iron. 

Thus, the “safe” target sheathing material must be loW-Z, 
While any shielding material must be high-Z. Care must be 
taken that the shielding material does not accidentally 
become a target, lest it become a producer of X-rays stronger 
than Would eXist if no changes had been implemented. The 
hydrocarbon target material intercepts the majority of the 
energetic electrons because of the very short mean path 
length of an electron in a solid. 

Referring to FIG. 1, a block diagram shoWing the How of 
monitoring information in a poWer station, to assure that 
ioniZing radiation does not become haZardous, the sensing 
instrumentation preferably includes an energy ?eld detector 
Wide band receiver 11, spectrum analyZer 11A and an 
audiometer 12 for detecting arcing sounds using directed 
microphones aimed at critical points on a toWer. 

These instruments are continuously monitored by a tran 
sponder 14, Which stores the data in memory for recall When 
interrogated by a transceiver 15; the data is transmitted to, 
and accumulated and displayed at, a distribution substation 
16. The communications link betWeen the toWer monitors 
and the substation may be RF or ?ber optic. Ideally, the 
monitoring instrumentation Would be installed in every 
distribution toWer in an area Where there is human or animal 
life Within 100 feet of the distribution lines. The preferred 
mounting position of monitor-transponder 10 relative to a 
distribution lines toWer is shoWn in FIG. 1A and FIG. 1B. 

Monitor transponder 10 at the toWer (FIG. 1B) detects 
time/amplitude noise spectra and/or discharges due to ion 
iZation in the vicinity of the toWer, these resulting in 
electrical arcing When the electrical tension betWeen ions of 
different charge potential becomes suf?ciently high to cause 
corona in a humid atmosphere. Corona discharges Which 
precede and indicate potential X-rays, are detectable by this 
method and apparatus. The direction and origin of corona in 
the area of the toWer is detectable by aiming a corona 
detector (an optical instrument) at the source of the corona. 

Monitor-transponder 10 is positioned at the center of the 
toWer, betWeen the high voltage conductors and ground, and 
at the center of any potential X-ray ?elds Which may develop 
betWeen the high voltage lines and ground, Which ?elds are 
harmful to biological life. 
The haZards to biologic life associated With the X-rays 

produced due to toWer electrical equipment faults, such as 
arcing or dirty insulators, are reduced by shortening the 
exposure time, as by prompt noti?cation of the problem to 
repair personnel. Generally doWnWard directed radiation 
patterns are of most interest. Corona is the phenomenon of 
air breaking doWn When the electric stress at the surface of 
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a conductor exceeds a certain elevated potential value. At 
higher values, the stress results in a luminous discharge With 
an arcing sound detectable by a directional microphone and 
ampli?er. Common corona sources are the Wires themselves, 
faulty insulators, and mounting hardWare With sharp points. 
As is knoWn in the art, strong electric ?elds may develop 

betWeen electrically conducting metal elements, such as 
betWeen a sWitch or terminal board and any met al at or near 
ground potential, such as an electrical toWer. The potential 
difference directs the ?eld betWeen the tWo closest exposed 
metal elements, so that high tension electrostatic ?ux ?elds 
develop betWeen the tWo elements, so that high tension 
electrostatic ?ux ?elds develop betWeen the tWo elements. 
The direction of such ?eld is betWeen the tWo exposed 
elements or points. The electric ?eld charged particles cause 
X-ray photons to be created When the particles are acceler 
ated betWeen tWo high and tWo loW potential metallic 
elements When the ?eld becomes suf?ciently strong. 

The toWers are therefore appropriate places to locate the 
detectors. The EMI detectors take advantage of the generally 
isotropic radiation patterns from very small antennae, the 
individual ioniZation points. Corona Will produce a detect 
able signal anyWhere nearby, as demonstrated by automobile 
radios near arcing toWers. 

The corona detection capability of the observation instru 
ment 10 Warns of an electrical stress build-up at some 
component at the toWer that could produce X-rays if alloWed 
to become too intense. Noti?cation is thus given as an early 
Warning to the substation to send a creW to correct the 
problem by the conventional methods of cleaning and/or 
replacing dirty or defective components. 

The X-rays are not in the form of a single beam, but arise 
from many corona points either at sharp discontinuities, 
such as Wire ends and point-shaped hardWare, or along the 
body of the conductor When the dielectric strength of the air 
drops beloW the ?eld strength. Atypical design rule is to pick 
the conductor diameter, or effective diameter When multiple 
conductors are used, to produce 15 kV/inch. Dry air has a 
break doWn voltage of 20 KV/inch, and very damp air has 
signi?cantly less. High tension poWer lines may produce 
coronas in foggy Weather as may be vieWed on a dark night. 

Referring to FIG. 1, the toWer-mounted sensing and 
observation instruments 10 are typically mounted on a 
platform, Which is preferably rotatable for manipulation and 
aiming of the corona detector for optical observation of the 
area betWeen the high voltage conductors and the ground 
about the toWer. The directional microphone may also be 
aimed, in a manner similar to the use of the corona-detector, 
to detect pre-corona conditions identi?ed by arcing sounds 
in the audio range. A radio frequency receiver and a spec 
trum analyZer, locates a source of pre-corona electrical ?eld 
disturbance and identi?es, by the nature of amplitude and 
noise burst spectra, Whether a potential disturbance ?eld is 
developing. Automatic means may be utiliZed for spraying 
loW Z material on electrical distribution components Where 
a disturbance ?eld is developing, and operation thereof may 
be initiated by command via a communications link With a 
substation. 

Repair personnel may be required in some instances to 
analyZe and solve the problem. In either case, the possibility 
of development of a dangerous X-ray ?eld is being pre 
vented. Audio, visual and radio frequency, as Well as remote 
digital instrument control of observation instruments in the 
toWer, and loW Z material spray noZZles, can be controlled 
from a substation via a communications link to prevent 
formation of X-ray ?elds. 
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6 
FIGS. 2 and 2A illustrate the use of loW atomic number 

(Z) coating 20 on an electrical conductor 22 to prevent the 
generation of high energy photons by the impact of highly 
accelerated electrons 21 into the conductor. The loW Z 
material 20 produces feWer and loWer energy electrons When 
inserted. 

The formulation of a polymer or combination of several 
isomer molecules, comprising loW atomic number (Z) atoms 
in a plastic product to form a sheath or outer covering on a 
conductor or cable, substantially eliminates the generation 
of X-rays in the area about the conductor. Apolymer having 
an amorphous putty-like consistency is another material to 
be applied, according to the invention, to points Where 
arcing might occur, thus to reduce corona generation about 
an electrical conductor and provide a soft target for any 
X-Radiation that might develop from the remaining corona. 

Application may be by any appropriate means or method 
such as spraying, dipping, extruding, chemical grafting and 
Wrapping, as examples. The loW Z material application in 
accordance With the invention is typically of signi?cantly 
less thickness, Weight, thermal resistance, and Windage 
factors than Would be needed to provide a full Wire-insulator 
for high tension Wires. 
The loW Z target materials are applied about the outside 

of any of the elevated potential members, including the 
Wires and connector hardWare. The electrons accelerated by 
the high voltage potentials have a high probability of inter 
acting With the loW Z material, rather than penetrating to the 
contained high Z material. The process of the high speed 
electron being sloWed by interaction With the loW Z material 
produces much less X-ray energy and loWer energy X-rays 
than Would be produced by the interaction of the same 
electrons With high Z material. 
More rigid molded elastomeric forms for other applica 

tions are shoWn in FIGS. 3, 3A and 4. The presence of the 
loW Z discharge target provides an inefficient X-ray target 
rendering the high speed electrons harmless. FIG. 3 shoWs 
the use of a loW Z shield on an insulator 31 such as is used 
in poWer stations. The supporting insulator device 32, 
through Which the high voltage conductor 33 passes, has loW 
Z shield disks 30, 30A on either side of the conductor to 
provide a safe target for high speed electrons generated by 
corona. The insulator device 32 is mounted on the distribu 
tion toWer structure by means Well knoWn in the art. FIG. 3A 
shoWs the conductor 33 retained in the insulator by Well 
knoWn means, and the loW Z shield disks 30, 30A placed on 
either side of the conductor to dissipate high velocity 
electrons that could produce X-rays. The disks also reduce 
the electric ?eld strength to reduce corona generation. 

FIG. 4 illustrates the use of loW atomic number (Z) 
polymer putty to reduce corona at points in high tension 
transmission system Wiring, Where residual corona and 
arcing has occurred, to provide an X-ray inhibitor for the 
residual problem. A conductor 41 for high voltage poWer, 
coupled by means of a crimp connector 42 having a ten 
dency to develop an ioniZing ?eld at point A, can be 
electrostatically shielded When the connector 42 is covered 
With loW Z putty coating or loW-Z snap covers 43 to reduce 
the acceleration of electrons necessary to produce X-rays, 
While also acting as a soft target to further prevent X-ray 
generation. 
The electrostatic ?eld shaping means in accordance With 

the invention, is the surrounding of sharp points of higher Z 
material With loW Z conductive material. Examples are the 
Wire end A in FIG. 4 surrounded With the conductive putty 
43, and the conductive loW Z disks 30 and 30A surrounding 



5,986,276 
7 

the mounting hardware 32 in FIGS. 3 and 3A. In both cases, 
the use of large smooth conductive surfaces reduces the 
electric ?eld that Would otherWise arise proximate to a 
charged pointed object. This is opposite to the effect of using 
a sharpened pointed conductor to “draW lightning” by maxi 
miZing the ?eld strength at the end of a lightning rod. 

The source of free electrons is the discharge plasma from 
the ioniZation of air molecules placed in suf?ciently strong 
electrostatic ?elds. These electrons gain speed as they accel 
erate through the same electrostatic ?elds. Suf?ciently 
strong ?elds alloW a percentage of these electrons to reach 
the required velocities, ?nally impinging on the conductor. 
This percentage is a function of the electric ?eld strength and 
con?guration, the dielectric breakdown strength of the sur 
rounding gas Which is a function of humidity and pressure, 
and the gas pressure. All of these factors affect the mean 
free-path length before the average electron of the electron 
?eld loses much of its energy by impinging on a gas 
molecule, losing heat and producing loW energy photons. 
IoniZing energy levels are considered by various sources as 
betWeen 5—10 eV to 100 eV. 

FIG. 5 shoWs a high voltage sWitch protected by high Z 
sheet or cast material to absorb ioniZing radiation in speci?c 
directions, such as toWard the ground, for the protection of 
persons on the ground in a poWer plant environment. For 
example, the contact bar 51 on a high poWer sWitch 50 in a 
poWer station environment can be ?tted With a high Z shield 
52, Which may be a solid high Z material or poWered high 
Z material in a polymeric base, and the ?xed contact 53 
surrounded by a high Z ring 54, such that any X-rays formed 
as the sWitch opens or closes Will not reach personnel. 

The source of the X-rays at the sWitch is this same 
accelerated electron from the ioniZation of air by a suffi 
ciently strong electrostatic ?eld. The highly energetic elec 
trons ioniZing the air (blue spark) may also generate soft 
X-rays if they gain enough energy and impinge on a high Z 
target, such as sWitch contacts. These arcs are commonly 
generated, With technicians in close proximity, When the 
sWitches are manually operated. The high Z material forms 
a “shield” that attenuates/absorbs a signi?cant portion of the 
X-rays generated in the directions that the personnel are 
located. 

The loW Z material is used for targets that the high speed 
electrons are expected to impinge upon, namely the high 
voltage conductors and attached conductive hardWare. As 
stated earlier high Z material is used as a “shield”, such as 
a lead apron used to protect human body parts not being 
X-rayed, betWeen the X-ray producing arc at the high Z 
sWitch contacts, and the technician operating the sWitch 
from beloW. 
As indicated in FIG. 5, high Z shielding is provided at 

locations of high-poWer sWitch contacts for sWitching induc 
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tive loads into and out of high current lines. X-rays are 
developed When the inductive load is interrupted—i.e., 
When sWitched out by opening of a sWitch, a very high 
voltage arc can automatically produce X-rays. As a further 
safety measure, a set of loW-Z contacts in parallel With the 
high-poWer sWitch contacts, are utiliZed to short out the 
inductive voltage rise upon opening of the sWitch. Some 
bene?t is derived by the loW Z contacts connecting before 
the sWitch contacts, and “breaking” after the sWitch contacts, 
thus to eliminate formation of X-rays. LoW Z material is 
applied Where high speed electron generation is expected— 
i.e., on the arcing points of the sWitch. The loW Z material 
serves as an impact target for high speed electrons to reduce 
conversion ef?ciency betWeen kinetic energy and X-rays. 
LoW Z coatings can be sprayed on existing high Z shields to 
reduce the initial formation of X-rays on existing poWer 
sWitches in a poWer distribution system. 

FIG. 6 illustrates an electrical sWitch 60 having loW Z 
contacts pair 61, 61A for providing the initial contacting and 
?nal breaking points for the circuit. Such contacts prevent 
arcing at the normal electrical contacts 62, 62A, Which 
Would be more prone to X-ray generation, particularly When 
inductive loads are sWitched out, With their inductive volt 
age rise and corona at the sWitch gap. The second set of 
contacts, 61, 61A is to provide an initial striking contact and 
a ?nal breaking contact With a material that generates less 
X-rays When arcing than does the conventional contact. 

The shaping of the ?eld is done by elements 52 and 54 
(FIG. 5). Similar techniques are the use of spheres in 
sWitching stations and Van de Graf generators to minimiZe 
ionization; the same effect is used for the opposite purpose 
in lightning rods and etched microWire cold emitters for 
solid state tubes. 

The composition of materials depends on speci?c 
applications, and includes the amorphous putty-like polymer 
material composed of loW Z material, possibly ?lled With 
carbon or other loW Z materials. Other forms, such as plate 
or cast forms having loW Z X-ray inhibitor therein, are 
useful for electrical componets. 

An advantageous loW Z polymer material is polyarylene 
ether benZimidaZole, knoWn as PAEBI, Which is quite ero 
sion resistant and resistant to atomic oxygen. It can be 
extruded into ?bers or threads, and Woven for certain 
applications. 
A list of such polymers is set forth hereinafter in Table I, 

and a listing of the Periodic System, Group III or IV atoms 
possible for use With these polymers, is set forth in Table II. 

TABLE I 

EXAMPLE OF POLYMERS USABLE AS SAFE TARGET MATERIALS 

Vinyl Acetate 

H/ \ 

Polyvinyl acetate 
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TABLE I-continued 

EXAMPLE OF POLYMERS USABLE AS SAFE TARGET MATERIALS 

Polyisobutylene Isobutylene 

Methyl methacrylate Polymethyl methacrylate 

TABLE II 

LOW ATOMIC NUMBER ELEMENTS OF THE PERIODIC SYSTEM 

50 Atomic Shells 
Number Subshells 

Z Elements Period 

He 
Li 
Be 

Ne 10 
Na III 
Mg 
A1 

12 
13 
14 

16 
17 
18 
19 
20 

Ar 
IV 

Ca 
Sc 21 

22 
23 
24 
25 Mn 

Fe 26 
Co 27 

28 Ni 
10 
1O 

29 
3O 
31 Ga 

Ge 32 
33 
34 
35 
36 

As 
Se 

Thus there has been shown and described a novel appa- modi?cations, variations and other uses and applications of 
ratus and method for eliminating X-ray hazards from elec- 65 the subject invention will, however, become apparent to 
trical power distribution ?elds which ful?lls all the objects those skilled in the art after considering this speci?cation 
and advantages sought therefor. together with the accompanying drawings and claims. All Many changes, 



5,986,276 
11 

such changes, modi?cations, variations and other uses and 
applications Which do not depart from the spirit and scope of 
the invention are deemed to be covered by the invention 
Which is limited only by the claims Which folloW. 

The inventor claim: 
1. A system for eliminating X-ray radiation from poWer 

distribution toWer equipment to ground, said system com 
prising: 

means for monitoring poWer distribution equipment 
generated corona, 

said monitoring means comprising sensing instrumenta 
tion comprising an X-ray energy detector, 

means for transmitting the status data to a control center 
for accumulation and analysis, and 

means for correcting faults that are indicated by the 
analysis of the data, 

Whereby X-rays produced by toWer equipment faults are 
eliminated by prompt monitoring, reporting and cor 
rection of the fault, thus to prevent any damaging X-ray 
development. 

2. A system according to claim 1, Wherein: 
said sensing instrumentation further comprises an RF 

spectrum analyzer. 
3. A system according to claim 2, Wherein: 
said sensing instrumentation further comprises a corona 

detector including a Wideband receiver and spectrum 
analyZer for detecting corona spectra. 

4. A system according to claim 1, Wherein: 
said sensing instrumentation further comprises an audio 

meter for detecting arcing sounds. 
5. A method for eliminating radiation of X-rays from 

poWer distribution toWer equipment to ground, comprising 
the steps of: 

monitoring the presence of corona generated in the dis 
tribution equipment from a control center, and 

applying loW atomic number target materials to elevated 
potential equipment for isolating potential X-ray tar 
gets to form safe discharge points for corona, 

Whereby electrons accelerated by high voltage potentials 
have a high probability of interacting With the loW Z 
material rather than penetrating to high Z material. 

6. The method according to claim 5, Wherein: 
said step for applying loW atomic number target materials 

for isolating the potential X-ray generating target is a 
loW Z hydrocarbon based plastic applied by at least one 
of the steps from the group comprising coating, 
spraying, dipping, extruding, chemical grafting, and 
Wrapping. 

7. A method according to claim 5, Wherein: 
the applying of loW atomic number target materials com 

prises the applying of a loW Z material covering 
potential electrical discharge points by at least one of 
the group comprising extrusion, spraying, ?ame 
spraying, dipping, plating, sheathing as With Woven 
graphite ?bers, chemical grafting, and Wrapping. 

8. The method according to claim 5, Wherein: 
said step for isolating potential X-ray targets by X-ray 

formation-inhibiting material comprises a loW-X mate 
rial covering applied to potential electrical discharge 
points by at least one step of the group of steps 
comprising extrusion, spraying, ?ame spraying, 
dipping, plating, sheathing as With Woven graphite 
?bers, chemical grafting, and Wrapping. 

9. A method for eliminating radiation of X-rays by high 
speed electrons in high voltage ?elds from electrical 
equipment, comprising the steps of: 

10 

15 

25 

35 

45 

55 

12 
shaping an electrostatic ?eld of electrical potential by 

rearrangement of the electrical equipment to reduce 
peak ?eld strength at potential X-ray targets, and 

applying an X-ray inhibiting material comprising loW 
atomic number atoms onto said potential X-ray targets 
in the electrical equipment, Whereby kinetic energy of 
the high speed electrons is converted into heat and loW 
energy photons. 

10. A method according to claim 9, Wherein: 
the X-ray inhibiting material comprises polyarylene ether 

benZimidaZole. 
11. Apparatus for eliminating radiation of X-rays by high 

speed electrons in high voltage ?elds from electrical 
equipment, said apparatus comprising: 
means for shaping a ?eld of the electrical potential of the 

electrical equipment to reduce peak ?eld strength of 
potential X-ray targets, and 

means for isolating the potential X-ray targets by X-ray 
formation-inhibiting material comprising loW atomic 
number atoms in a material placed betWeen a source of 
the high speed electrons and the potential X-ray targets 
in the electrical equipment. 

12. Apparatus according to claim 11, Wherein: 
said X-ray formation-inhibiting material comprises pol 

yarylene ether benZimidaZole. 
13. Apparatus according to claim 11, Wherein: 
said means for isolating the potential X-ray target is a 

substrate con?gured to enclose a volume radiating the 
X-rays, and 

at least one loW atomic number element suspended in said 
substrate. 

14. Apparatus according to claim 11, Wherein: 
said means for isolating the potential X-ray target is an 

X-ray-safe target material for preventing X-ray radia 
tion from electrical equipment, said target material 
comprising a substrate such as polymer polyvinyl 
acetate plastic gum adhesive for conforming and adher 
ing to electrical equipment. 

15. Apparatus according to claim 11, Wherein: 
said means for isolating the potential X-ray target is a loW 
Z putty coating to prevent acceleration of high speed 
electrons to produce x-rays, While providing a soft 
target, said loW Z putty comprising a polymer such as 
polyvinyl acetate mixed With poWdered carbon. 

16. Apparatus according to claim 11, Wherein: 
said means for isolating the potential X-ray target is a 

hydrocarbon based plastic material covering for elec 
trical conductors. 

17. Apparatus according to claim 11, Wherein: 
said means for isolating the potential X-ray target com 

prises loW Z material contacts in sWitches forming the 
initial and breaking contacts of a sWitch to reduce 
X-ray generation present upon opening or closing a 
sWitch. 

18. Apparatus according to claim 17, Wherein: 
said contacts are in parallel With conventional contacts to 

reduce contact arcing, and the loW Z material contacts 
provide an initial striking contact and a ?nal breaking 
contact With material that generates less X-rays When 
arcing than the high Z material sWitch contacts. 


