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(57) ABSTRACT 
Insulators made up of insulating rods surrounded by 
elastomeric weathersheds. The weathersheds are sepa 
rately formed with central apertures having inside di 
ameters less than the outside diameter of the rod, 
which is illustrated as made up of resin-bonded glass 
fibers, so that the weathersheds must be stretched to 
be placed on the rod. The required number of weath 
ersheds are positioned on a rod and are compressed 
between metallic end fittings that are secured to the 
ends of the rod. The inner surfaces of the weather 
sheds are provided with annular grooves which are 
filled with an insulating grease. Suspension and post 
insulators embodying the invention are disclosed. 

16 Claims, 5 Drawing Figures 
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3,898,372 
NSULATOR WITH RESEN-BONDED FEBER ROD 
AND ELASTOMERIC WEATHERSHEDS, AND 

METHOD OF MAKING SAME 

BACKGROUND OF THE INVENTION 

This invention relates to insulators and more particu 
larly to insulators that are extensively used to support 
the conductors in electric power transmission lines, and 
to methods of making such insulators. As the voltages 
of powder transmission lines increase, the length of the 
insulators must be increased. One type of insulator 
used, often termed a suspension insulator, suspends the 
power transmission line from an overhead support such 
as a cross member on a pole or tower. At the present 
time, most suspension insulators consist of strings of 
porcelain insulators having the size and shape required 
to provide the necessary mechanical strength, dielec 
tric strength, and creepage distance. The individual in 
sulators are connected together into strings. These 
strings of insulators are satisfactory from an electrical 
standpoint, but they are heavy. For example, a single 
string for an extra high voltage transmission line may be 
made up to 40 or more individual porcelain insulators 
each weighing 25 pounds or more. Because of their 
bulk and weight, such strings are expensive to install 
and require stronger towers than would be the case if 
the weight of the insulators could be reduced. The por 
celain is also brittle and can be subject to damage dur 
ing shipment and installation unless due care is exerted. 

It has been proposed to make suspension insulators 
by using fiberglass rod surrounded by weathersheds of 
insulating material (see, for example, Hocks U.S. Pat. 
No. 3,134,164). A common approach has been to mold 
epoxy or other polymeric weathersheds separately and 
bond them to the rod. These proposals and approaches 
have a common disadvantage of generating high shear 
loads at the rod interface when the rod is stretched 
under load in service, which can cause the insulator to 
fail. The present invention eliminates this problem. 
Another type of insulator, often termed a post insula 

tor, is maintained in a generally horizontal or vertical 
position, as on a pole or on a cross arm of a pole or 
tower. Such insulators must have substantial strength to 
support the substantial transverse loads imposed on 
such insulators by the weight of, and wind forces on, 
the power transmission lines carried by the insulators. 
Both types of insulators must have necessary weath 

er-resistant and insulating properties, resistance to 
damage or deterioration from flashovers or other elec 
trical causes, and high mechanical strength. 

SUMMARY OF THE INVENTION 
A general object of the present invention is the provi 

sion of improved insulators that are built up of a central 
insulating, high strength member composed of fiber 
glass or the like surrounded by weathersheds made of 
an elastomeric material. 
Other objects include the provision of improved insu 

lators that are light in weight as compared to conven 
tional porcelain insulators and that can be manufac 
tured at reasonable cost; the provision of insulators that 
have excellent resistance to weathering and to deterio 
ration under the conditions that are encountered in Ser 
vice in high voltage and extra high voltage transmission 
lines; the provision of insulators that can be shipped 
and installed without requiring unusual precautions 
against damage to the insulators, and the provision of 
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2 
insulators that are less likely to damage by vandelism 
and sabotage then conventional porcelain insulators of 
the type widely used heretofore. Another object is the 
provision of an improved elastomeric composition hav 
ing good weathering and tracking resistance and suit 
able for the manufacture of weathersheds for such insu 
lators. A further object is the provision of an improved 
method and means for securing metal and fittings to the 
ends of the fiberglass rods constituting the central 
members of the insulators. Another object is the provi 
sion of an economical and efficient method of manu 
facturing such insulators. Another object is the provi 
sion of insulators of which each component is capable 
of being manufactured on modern high speed equip 
ment. 

Briefly, a preferred form of insulator made according 
to the invention comprises a rod of substantial mechan 
ical strength formed of dielectric material such as a rod 
composed of fibers of glass or other material capable 
of being formed into long continuous fibers of high ten 
sile strength and having electrical insulating properties 
comparable to or greater than those of glass, bonded by 
a resin such as an epoxy or polyester resin and sur 
rounded by a series of individually formed weather 
sheds or petticoats of an elastomeric material, for ex 
ample, EPM (ethylene propylene copolymer) rubber, 
preferably with inorganic fillers to impart tracking re 
sistance and resistance to ultraviolet radiation. Metallic 
fittings are secured to the ends of the rod to provide for 
mechanical connections between the insulators and a 
supporting element at one end and an element to be 
supported at the other end. In order to prevent contam 
inants from creeping between the weathersheds and the 
tension member, or the formation of voids in this zone, 
the interfaces of the weathersheds and the tension 
member are coated with a plastic dielectric filling ma 
terial such as a silicone grease. Preferably, the interior 
surfaces of the weathersheds are provided with recesses 
that are filled with and act as reservoirs for the filling 
material. The recesses effectively retain the filling ma 
terial in position in contact with both the weathersheds 
and the exterior of the rod. 
An effective seal between the weathersheds and the 

rod is assured by forming the openings of the weather 
sheds with a diameter less than the external diameter 
of the rod with which they are to be used so that the 
weathersheds must be stretched to apply them to the 
rod. After assembly, the hoop tension in the weather 
sheds insures that the weathersheds exert a pressure in 
wardly against the outer surface of the rod. This inward 
pressure, as well as compressive forces applied to the 
entire series of weathersheds by the end fittings secured 
to the ends of the rod, prevent leakage or entrance of 
contaminants between adjacent weathersheds and be 
tween the end weathersheds and the end fittings. This 
compression may be sufficient to shorten the total 
length of the weathersheds approximately 5 to 10% as 
compared to their length before installation. This cre 
ates a seal between adjacent weathersheds and between 
the end weathersheds and the end fittings, and insures 
that the elongation of the rods under tensile forces ex 
erted on them in service will always be substantially less 
than the amount that the weathersheds are compressed 
so that the longitudinal compression of the weather 
sheds will be maintained under all conditions likely to 
be encountered in service throughout the normal life of 
the insulator. 
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According to a preferred method of manufacturing 
such an insulator, the required number of weathersheds 
are arranged in axial alignment in a column, the col 
umn is compressed by an amount greater than the final 
longitudinal compression to provide some working 
clearance at each end, and the internal grooves in the 
weathersheds are filled with the plastic filling material. 
A rod of the above indicated characteristics of appro 
priate diameter, with its ends protected from contact 
with the plastic filling material, preferably by a very 
thin, tight-fitting covering such as a cap, is inserted 
through the central aperture through the weathershed 
column formed by the aligned openings of the weather 
sheds while stretching each weathershed until the rod 
extends through the entire column and each end of the 
rod is projecting sufficiently to allow securing of the 
end fittings. The protective coverings are removed and 
the end fittings then secured to each end of the rod. 
The compression previously applied to the weather 
shed column is then released, allowing the column of 
weathersheds to expand into firm contact with the end 
fittings but still maintain a residual compression of 
about 5 to 10%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 of the drawings is an elevational view, with 
parts broken away, and parts in section, of a preferred 
form of suspension insulator embodying the invention; 
FIG. 2 is an elevation, partly in section, of one of the 

end fittings of the insulator before being secured to the 
rod; 
FIG. 3 is an elevation, partly in section, of a wea 

thersshed of the insulator before it has been placed on 
the rod; 
FIG. 4 is a transverse sectional view of an enlarged 

scale taken along line 4-4 of FIG. 1; 
FIG. 5 is an elevation, partly in section of a post insu 

lator embodying the invention, parts being broken 
away to show the mounting means. 
DESCRIPTION OF PREFERRED EMBODIMENTS 
As shown in FIG. of the drawings, a suspension in 
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sulator 1 made according to a preferred form of my in 
vention comprises a central member 10 composed of 45 
resin-bonded glass fibers to which metallic end fittings 
11 and 12 are secured, preferably by crimping. The 
central member 10 is protected by a series of weather 
sheds 14 which are identical except for the end weath 
ersheds 14a and 14b which, as described below, are of 
slightly different construction to receive the inner ends 
of the fittings 11 and 12. The weathersheds 14, 14a and 
14b cover the entire surface of the central member 10 
between the end fittings 11 and 12 and are circumfer 
entially stretched over the central member 10 and are 
longitudinally compressed between the fittings 11 and 
12. 
Since the elongated central member 10 must support 

the entire tension load on the insulator, it is important 
that this member be of high mechanical strength as well 
as high dielectric strength. Preferably, the central 
member is made up of longitudinally extending high 
strength, insulating fibers that extend substantially par 
allel to each other and to the axis of the member. The 
fibers are resin-bonded into a cylindrical rod having a 
smooth exterior surface of substantially uniform diame 

- ter throughout. The bonding resin must provide a good 
. mechanical bond and must have high dielectric 
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4 
strength to insure that the completed rod will have the 
desired insulation capability. The tensile strength of the 
rod, however, is imparted to it in large measure by the 
fibers and, accordingly, it is desirable to have the fibers 
constitute a large part of the cross section of the rod, 
Preferably, the resin-bonded rods are about 60% glass 
fibers by volume, as glass fibers presently provide the 
best combination of desired properties including cost, 
This percentage of glass fibers, which is high as com 
pared to the percentage found in the usual resin 
bonded fiber-glass rods, makes it possible to obtain the 
required tensile strength while keeping the diameter of 
the rods at a minimum. Other known fibers, that may 
be resin-bonded into satisfactory rods, have the desired 
mechanical and electrical properties, but at this time 
usually are more costly than glass fibers. 
Any suitable resin may be employed to bond the fi 

bers so long as the resin has the desired mechanical 
bonding ability, temperature stability and dielectric 
strength. Resistance to erosion and wcathering are not 
of great importance inasmuch as the entire outer sur 
face of the rod is protected in the completed insulator. 
Suitable bonding resins are polyester resins, bisphenol 
epoxy resins and cycloaliphatic epoxy resins. Other 
known resins undoubtedly can be employed. At pres 
ent, bisphenol resins are preferred because of strength, 
toughness, and cost consideration. By careful control 
of manufacturing operations and by the incorporation 
of a high percentage of the fibers in the rods, rods and 
fittings made according to the present invention can be 
given an ultimate tensile strength in excess of 100,000 
pounds per square inch. 

In order to take advantage of the high tensile strength 
of the resin-bonded fiber rod 10, the fittings 11 and 12 
must be secured thereto in such a manner as to provide 
joints that will make it possible to develop a large per 
centage of the ultimate strength of the fiberglass rod 
itself. To accomplish this, fittings constructed as shown 
in the drawings are preferred. As shown in FIGS. 1 and 
2, the fittings are identical, and each comprises a 
socket portion or sleeve 15 having a recess 16 that, in 
its original state, is cylindrical and closely engages the 
outer surface of the rod 10. Each fitting also has, at its 
outer end, an integrally formed securing or connecting 
means 17 that may be of any ordinary or desired con 
struction which is satisfactory at one end for attach 
ment to a supporting element such as a tower and at the 
other end to a supported element such as conductor 
supporting hardware, or which permits several such in 
sulators to be connected together in strings if desired. 
However, since the present invention makes possible 
the manufacture of insulators of long lengths, it usually 
is not necessary to connect insulators in strings, with 
consequent savings in manufacturing and installation 
costs. 

In order to secure the fittings 11 and 12 to the ends 
of the rod 0, each sleeve 15 of each fitting, which is 
preferably formed of steel, is deformed inwardly pref 
erably by dies circumferentially spaced around the 
sleeve and exerting large radial forces sufficient to de 
form the rod 10 elastically in compression radially, and 
to strongly stress the steel between the dies and the rod. 
The deformation is carried out so that, in the com 
pleted structure, after the dies are released, the rod is 
attempting to expand against the sleeve but is restained 
and remains under compression, and the metal of the 
sleeve adjacent to the interface between the rod and 
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sleeve is in hoop tension because of the forces exerted 
by the rod as it attempts elastically to regain its original 
shape. The interaction of these forces results in forces 
normal to the interfaces between the rod and the sleeve 
which causes a large frictional resistance to relative 
movement of the rod and socket portion. These large 
forces, with adequate joint length, make it possible to 
develop strength in the joint up to nearly 90% of the ul 
timate strength of the rod. It is necessary to select a 
compression pressure that is as great as possible but 
will not displace the sleeve material sufficiently to 
break so many of the fibers in the rod that the strength 
of the rod will be materially reduced, but which will 
furnish a sufficiently strong frictional grip between the 
fitting and the rod. This strong grip ordinarily can be 
readily accomplished so long as the length of the sleeve 
that is compressed into engagement with the outer sur 
face of the rod is sufficient. In the illustrated embodi 
ment, this length is very nearly four times the diameter 
of the rod; preferably the length should be at least twice 
the diameter of the rod. 
As shown particularly in FIGS. 1 and 4, the sleeves 

15 are deformed inwardly by several circumferentially 
spaced dies that have flat end surfaces that engage the 
exposed exterior of the sleeve substantially throughout 
such length, 

In securing a fitting to one end of the rod steps are 
taken to insure that the interior surface of the sleeve 
and the exterior surface of the rod are both clean and 
free from grease or other friction reducing contami 
nant. The rod is then inserted with a fairly snug fit into 
the sleeve and that sleeve is than deformed along the 
length that contains the rod, by the above described 
dies forced radially inwardly against the sleeve as by 
hydraulic pressure. As indicated in FIG. 4, in the illus 
trated embodiment the outside of the sleeve is de 
formed by the dies into a cross section corresponding 
generally to the polygonal form of the dies which, in the 
present case, is generally hexagonal as shown at 21; 
however, the outside of the rod remains substantially 
circular in cross section. 
While development of the required grip of the sleeve 

on the rod requires that the sleeve exert high pressure 
on the rod, the pressure exerted during and after com 
pression of the sleeve must not be so high that the de 
formation of the rod is such that an appreciable num 
ber of the fibers in the cross section of the rod are dam 
aged, since the fibers furnish nearly all of the tensile 
strength of the rod. As an example, it has been found 
that with rods having a diameter of three-quarters of an 
inch and composed of about 60% by volume of glass 
fibers, sleeves composed of forged steel having internal 
diameters of three-quarters of an inch to fit the rods 
and wall thicknesses of about one-quarter inch, and 
dies having a longitudinal dimension of about five 
eighths inch and a transverse dimension of about five 
eighths inch, the application of pressures of about 
150,000 pounds per square inch by the dies on the ex 
terior of the sleeves gives satisfactory results. The ap 
plication of such pressures to the exterior of the rod 
causes an elongation of the rod in the areas or in zones 
engaged by the dies and a corresponding reduction in 
the cross sectional area of the rod. Connections made 
in this manner can have a strength of about 90% of the 
ultimate strength of the rod. 
As noted above, the rod is protected against the ele 

ments and the required creepage distance is provided 
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6 
by a series of intermediate elastomeric weathersheds 
14 and end weathersheds 14a and 14b, As shown in 
FIGS. 1 and 3, each weathershed 14 comprises a gener 
ally tubular body portion 28 having a smooth substan 
tially cylindrical outer surface 29 and an inner through 
opening 30, preferably of cylindrical configuration, 
that is provided with a series of annular grooves 31, 
The opposite or upper and lower ends 32 and 33 of the 
body portion are of complementary shapes, that is, end 
32 has an axially projecting portion 32a of reduced di 
ameter terminating in a radially extending shoulder 
32b, and end 33 has an axially extending opening 33a 
of diameter and length matching those of portion 32a, 
a radially extending end surface 33b, matching shoul 
der 32b, and a projecting flange 33c. Therefore, when 
adjacent weathersheds 14 are fitted together, their ends 
32 and 33 interfit to form offset joints, such as the 
stepped joints shown in FIG, 1, that prevent ingress of 
air, moisture, and other contaminants that could re 
duce insulating properties or have other deleterious ef 
fects. The same type of joint is provided between the 
uppermost weathershed 14 and the end weathershed 
14a and between the lowermost weathershed 14 and 
the end weathershed 14b, as explained below. 
A frustoconical petticoat or shield portion 35 

projects downwardly and outwardly from the body por 
tion. The dimensions of portions 35 may be varied and 
are designed in accordance with known principles to 
meet the requirements of the service for which the in 
sulator is intended. 
As a typical example, for a tension insulator having 

a rod three-quarters of an inch in diameter, the weath 
ersheds 14 are made, preferably by molding, with an 
unstressed internal diameter of inner bore 30 of about 
eleven-sixteenths of an inch, and the minimum wall 
thickness of the body portion between the end portions 
is about one-quarter of an inch. The petticoat 35 ex 
tends outwardly and downwardly at an angle of about 
20 to 25 from the horizontal, and has an outside diam 
eter of about 4% inches and thickness of about one 
quarter inch. The internal annular grooves 31 have a 
width and depth of about one-sixteenth of an inch and 
are spaced about three-sixteenths of an inch on centers. 
The end weathersheds 14a and 14b, which also may 

be made by molding, are preferably modified slightly to 
accommodate the bottom end of upper fitting 11 and 
the top end of lower fitting 12. As shown in FIG. 1, the 
body portions 37 of weathersheds 14a and 14b are 
thicker than the body portions 28 of weathersheds 14 
and are recessed as at 38 to receive the end fittings 11 
and 12. The internal bores 40 of weathersheds 14a and 
14b are provided with annular grooves 41, and the re 
cesses 38 are provided with annular grooves 42. The 
grooves 41 and 42 may have the same widths, depths 
and spacing as grooves 31. 

In order to provide the desired substantially weather 
tight engagement between the uppermost weathershed 
14a and the adjacent weathershed 14, the lower por 
tion of the bore of the weathershed 14a is recessed as 
at 43 to receive the axially projecting portion 32a of the 
weathershed 14 that is disposed immediately beneath 
the weathershed 14a, and the shoulder 32b of the 
weathershed 14 engages the lower end of the weather 
shed 4a. At the opposite end of the insulator, the 
weathershed 14b has an annular groove 44 at its upper 
end that receives the downwardly projecting end flange 
33c that surrounds opening 33a of the lowermost 
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weathershed 14, the end surface 33b of that weather 
shed 14 engaging the annular surface at the bottom of 
the groove 44. 
This construction in which the end weathersheds 14a 

and 14b extend over the ends of fittings 11 and 12 pro 
vides important advantages. In service, if the insulators 
should be flashed over from surges, arcing from power 
system circuit current is likely to follow until corrected, 
as by opening of circuit breakers in the transmission 
system. This arc current, which may be several thou 
sand amperes, is likely to terminate on the metal por 
tions of the insulator or its connections. If the end 
weathersheds did not extend over the end fittings 11 
and 12, the arc terminations could burn directly 
through to the rod 10 through a completely radial junc 
ture, if one was present, between the end fitting and 
end weathershed nearest the arc termination, destroy 
ing the mechanical strength of the insulator. The possi 
bilities of such an occurrence are prevented or greatly 
reduced when, as described above, the ends of the fit 
tings extend substantially into the weathersheds. 
Highest electrical gradients tend to occur off the 

closest corners of metal parts such as the fittings, creat 
ing corona which is undesirable in causing radio inter 
ference and in deteriorating organic insulating mate 
rial. Since these corners of the metal fittings 11 and 12 
are buried in the solid insulating material of the end 
weathersheds, such harmful corona generation is sup 
pressed. 
Moreover, since the weathersheds extend substantial 

distances over the end fittings, the strike distance be 
tween the fittings is increased, thus increasing flashover 
voltage and reducing possibilities of flashover. 
While various elestomeric compositions can be em 

ployed, excellent results have been achieved in tests of 
insulators embodying weathersheds made, as by mold 
ing, of a composition including hydrated alumina and 
commercially available EPM rubber in a proportion of 
approximately one and one-half parts to one by weight, 
together with minor amounts of zine oxide, a coupling 
agent, a peroxide accelerator, and coloring material 
such as carbon black or titanium dioxide. The presence 
of the hydrated alumina in fairly large quantities is de 
sirable to impart tracking and weather-resistance to the 
composition, and the titanium dioxide colors the com 
position and assists in protecting it from deterioration 
by ultraviolet rays. A rubber as compounded above has 
a hardness of about 70 on the Shore (A) scale, an elon 
gation of about 300% and a tensile strength of about 
1,200 pounds per square inch. Compositions embody 
ing the above materials by test results display the ability 
to maintain the original characteristics without great 
change for long periods of time under the adverse con 
ditions ordinarily encountered in high voltage and extra 
high voltage power transmission lines where the rubber 
is subjected not only to the deteriorating effects of 
weather but also to severe electrical stresses. Other 
known elastomeric compositions can be used. 

It is important that the ingress of air, moisture, and 
other contaminants between the weathersheds and the 
rod and between the weathersheds and each other be 
prevented since any spaces or contaminants between 
the rod and the weathersheds can result in reduction of 
the dielectric strength of the insulator in such areas, in 
localized arcing and in corona discharges, which as in 
dicated can have damaging effects on both the rod and 
the weathersheds and may result in the generation of 
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8 
unacceptable levels of radio noise. The higher the volt 
age to which the insulator is subjected the more severe 
the problem. According to the present invention, as 
briefly noted above, these difficulties are substantially 
eliminated by providing interlocking offset or stepped 
joints between adjacent weathersheds and between the 
end weathersheds and the end fittings, and by filling the 
grooves 31, 41, 42 and 43 of the weathersheds with an 
insulating oil or grease or other plastic dielectric filling 
material which will remain in position for long periods 
of time under varying conditions of temperature and 
barometric pressure, and of movement and flexing of 
the insulators. The filling material should occupy and 
cover the interfaces between the rod and the interior of 
the weathersheds and the adjoining surfaces of the ad 
jacent weathersheds. The grooves should be filled com 
pletely so that no voids will be present in the completed 
insulator. A plastic dielectric filling material that has 
been found to be suitable for this purpose is commer 
cially available silicone grease. This material appears to 
have no deleterious effect on the elastomeric composi 
tion of the weathersheds and, because it is substantially 
viscous and highly adherent, remains in position under 
varying conditions encountered in service. The 
grooved surfaces of the weathersheds and the cooper 
ating surfaces of the rod and end fittings, together with 
the filling material, thus provide labyrinth seals at these 
places. 

In order to assure that contaminants are prevented 
from entering the interfaces and that the dielectric fill 
ing material is retained in position, the preferred 
method of assembly of the insulators entails circumfer 
ential stretching and longitudinal compression of the 
weathersheds. According to the preferred method, the 
rod, except for its end portions to be secured in the end 
fittings, is coated with the selected dielectric filling ma 
terial, preferably the silicone grease mentioned above. 
The application of the weathersheds to the rod re 

quires that they be stretched. The bores of the illustra 
tive weathersheds have an unstretched diameter of 
about eleven-sixteenths of an inch and hence must be 
stretched to three-quarters of an inch, the diameter of 
the illustrative rod. The amount that the body of the 
weathershed is circumferentially stretched thus is 
about 7%. While the amount of stretch can be varied, 
it should be enough to insure that a substantial hoop 
tension will be created in the body of the weathershed 
on assembly of the insulator so that the inner surface 
of the weathershed bore will be held firmly against the 
fiberglass rod. 

Similarly, the internal diameters of the recesses 38 
and 39 of the end weathersheds 14a and 14b in the un 
stretched condition are sufficiently smaller than the ex 
ternal diameters of the end fittings 11 and 12 and the 
body portions 28 of weathersheds 14 so that they are 
also stretched about 7% on assembly of the insulator to 
insure a firm engagement. 

In a preferred method of manufacturing the insulator 
as many weathersheds 14, 14a and 14b as are necessary 
to cover and enclose the entire length of the rod be 
tween the lower end fitting 12 and the upper end fitting 
1 are arranged axially in a column with their ends in 
terfitted as in the final assembly and their central open 
ings aligned, the annular grooves in all the weather 
sheds being filled, and the ends 32 and 33 of all weath 
ersheds being coated, with the plastic dielectric filling 
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material such as grease before such arrangement, if de 
sired. - 

Compressive forces is then externally applied to the 
end weathersheds 14a and 14b to compress the entire 
column of weathersheds by about 10% of its original 
length. While the weathersheds are retained in com 
pressed condition, the rod 10 is forced through the col 
umn of weathersheds, while stretching the weather 
sheds as indicated above. 

Prior to this, at least the leading or first inserted end, 
and preferably each end, of the rod, is protected from 
the plastic filling material, as by a suitable tight-fitting 
covering such as a cap of thin synthetic resin or other 
suitable material. If desired, a tapered pilot member 
may be mounted on the leading end of the rod to facili 
tate its cntry through, and stretching if necessary, of the 
openings through the weathersheds. 
After the rod 10 has been thus passed through the 

column of weathersheds, the surface of each end of the 
rod beyond the adjacent end weathershed 14a or 14b 
is stripped of its protective covering and an end fitting 

1 or 12 is placed in position on one end of the rod. 
The sleeve 15 of such fitting is then secured to the rod, 
preferably by crimping as described above. An end fit 
ting is similarly secured to the other end of the rod, and 
the externally applied compressive force on the column 
of weathersheds is released, allowing the weathersheds 
to contact the end fittings, thus completing the con 
struction of the insulator. 
The column of weathersheds is thus compressed axi 

ally or longitudinally by an amount substantially 
greater than the normal elongation of the rod 10 in ser 
vice. 
The result of this axial or longitudinal compression of 

the weathersheds between the end fittings is to create 
substantial sealing pressure between the ends of the 
bodies of the weathersheds and between the end fit 
tings 11 and 12 and the end weathersheds. This com 
pression insures that the end surfaces of adjacent 
weathersheds, and of end weathersheds and end fit 
tings, will remain in contact throughout substantially 
their entire areas even though the insulator is bent in 
service or during installation. Furthermore, the longitu 
dinal compression of the weathersheds is sufficient to 
insure that adequate sealing pressure between adjacent 
weathersheds and between the weathersheds and the 
end fittings will be maintained in service. 
FIG. 5 shows an illustrative post insulator 55 em 

bodying the invention, mounted on a pole 56 by known 
bracket 57. 

insulator 55 is identical to that previously described 
except that end fittings 58 and 59 are different from the 
end fittings 11 and 12 of the previous embodiment. Fit 
ting 59 differs from fitting 12 of the previous embodi 
ment by being shaped to enable it to be connected to 
known U-shaped bracket 57 by extending through 
opening 60 in front wall 61 of the bracket and by being 
held in place by bolt 62 extending through the bracket 
and opening 63 in the fitting, and corresponding open 
ings in the side walls 64 of the mounting bracket. These 
openings are so located relatively to each other that the 
insulator 55 extends at a slight upward angle to the hor 
izontal, in accordance with known practice. 
At the other end of the insulator, fitting 58 differs 

from former fitting 11 in that it is shaped to carry 
known clamp 65 adapted to carry a conductor. 
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All other parts of the post insulator 55 are identical 

with those of the previous embodiment and hence bear 
identical reference characters. The post insulator is as 
sembled in a manner similar to that of the previous em 
bodiment. For these reasons, it requires no further de 
scription. 

Post insulators embodying the invention can be made 
of substantially longer length than is practical with 
those embodying porcelain. While post insulator 55 has 
been disclosed as mounted in a generally lateral posi 
tion, post insulators of the invention may be mounted 
in various other positions, including those in which they 
extend either upwardly or downwardly. 
While the above description discloses the rod 10 in 

each embodiment as including glass fibers, it is to be 
understood that the fibers may be made of other mate 
rials, either inorganic or organic, provided that the fi 
bers have the characteristics of glass fibers of high ten 
sile strength, low elongation, ability to be formed into 
fibers of small cross sections and substantial lengths, 
ability to be bonded into strong rods, satisfactory elec 
trical insulating properties, and good weather resis 
tance. The term 'fiberglass' in the appended claims is 
intended to include such materials as well as those in 
cluding glass fibers as such. 
Moreover, while the metal end fittings are shown as 

secured to the tension rod by crimping, they may also 
be secured by other means, as by suitable adhesives 
that provide joints of sufficient strength when hard 
ened. 
Moreover, while the embodiments discussed above 

disclose the use of oil or silicone grease as the dielectric 
filling material used on the interfaces between the rod 
and weathersheds, between adjoining surfaces of the 
weathersheds, and in the grooves of the weathersheds, 
other plastic filling materials may be used at all or some 
of these locations; such other filling material may be a 
suitable synthetic resin having adhesive properties, 
even a hardenable synthetic resin such as an epoxy 
resin of suitable characteristics. 
While specific examples have been mentioned of 

sizes of insulators or parts thereof, it will be appreci 
ated that larger or smaller insulators or parts can be 
constructed according to the principles of the present 
invention. The proportions preferably are generally 
similar to those shown in the drawings although these 
can be varied in accordance with design requirements. 
However, it is important to create substantial hoop ten 
sion in the bodies of the weathersheds and to maintain 
the weathersheds under substantial longitudinal com 
pression in the completed insulators. 

Variations may be made in the disclosed method of 
assembling the insulator. Thus, the aligned openings of 
the column of weathersheds and their grooves may be 
covered with grease or other dielectric filling material 
and the rod not covered with such material, or the fill 
ing material could be applied to all appropriate sur 
faces of both the rod and openings. 
Because of their excellent mechanical and electrical 

properties, insulators made according to the present 
invention are highly advantageous over the conven 
tional porcelain strain insulators that are presently 
widely employed. Insulators made according to the 
present invention can be manufactured at reasonable 
cost, and the lightness of the insulators as compared to 
the conventional porcelain insulators of similar capa 
bility greatly reduces the cost of handling, shipment, 
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and installation of the insulators as compared to con 
ventional porcelain insulators. 
Furthermore, the great reduction in weight obtain 

able with the present insulators makes possible the de 
sign of lighter towers and supporting structures than 
are required with conventional porcelain insulators. 
Another important advantage is that insulators made 
according to the present invention are much more re 
sistant to damage in shipment and handling and to dam 
age by sabotage and vandalism than conventional por 
celain insulators. 
Various changes and modifications, other than those 

indicated above, in the preferred forms of the invention 
described herein will be apparent to those skilled in the 
art. The essential characteristics of the invention are 
defined in the appended claims. 
What is claimed is: 
1. An insulator comprising a generally cylindrical 

elongated member composed of dielectric material and 
having substantial mechanical strength, end fittings se 
cured to said elongated member, and a series of weath 
ersheds enclosing said elongated member and covering 
the entire surface of said elongated member between 
said fittings, the weathersheds being composed of an 
elastomeric insulating material, each weathershed hav 
ing a through opening of a cross section in the un 
stressed state that is smaller than the cross section of 
said elongated member, whereby the weathersheds are 
under hoop tension at the surface of said elongated 
member, and the weathersheds being longitudinally 
compressed between said fittings, whereby the inner 
surfaces of the openings of the weathersheds exert 
pressure on said elongated member and adjacent 
weathersheds exert pressure on each other. 

2. An insulator according to claim 1 wherein the in 
terfaces between said elongated member and the 
weathersheds are coated with plastic dielectric filling 
material. 
3. An insulator according to claim 2 in which said di 

electric filling material is a viscous, adherent material. 
4. An insulator according to claim 2 wherein the 

openings in at least some of the weathersheds are 
grooved to retain and provide reservoirs for said dielec 
tric filling material and provide labyrinth seals at these 
locations. 

5. An insulator according to claim 4 wherein adja 
cent weathersheds have complementary surfaces that 
seal against each other. 

6. An insulator according to claim 4 wherein the in 
terfaces between adjacent weathersheds are coated 
with said plastic dielectric filling material. 

7. An insulator according to claim 1 wherein said 
elongated member is composed of resin-bonded glass 
fibers. 

8. An insulator according to claim 1 wherein the 
weathersheds are composed of elastomeric material 
containing a substantial percentage of hydrated alu 
mina. 

9. An insulator according to claim 1 wherein the 
weathersheds are composed of EPM rubber containing 
hydrated alumina in the proportion of about one and 
one-half parts by weight of hydrated alumina to one 
part by weight of EPM rubber. 

10. An insulator according to claim 9 wherein said 
EPM rubber containing hydrated alumina has a hard 
ness of about 70 on the Shore (A) scale, an elongation 
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12 
of about 300% and a tensile strength of about 1,200 
pounds per square inch, 

11. An insulator according to claim 9 wherein each 
fitting has a body portion having means for securing the 
fitting to a supporting or a supported element and a 
sleeve portion surrounding an end of said elongated 
member that is crimped into a generally polygonal 
cross section extending longitudinally of the sleeve. 

12. An insulator according to claim 1 wherein each 
said fitting is composed of metal and has a body portion 
provided with a sleeve portion crimped into firm en 
gagement with the elongated member. 

3. An insulator comprising an elongated generally 
cylindrical high strength tension member composed of 
resin-bonded glass fibers, a metal fitting secured to 
each end of the tension member, each fitting having a 
body portion provided with means for securing the fit 
ting to a supporting element or a supported element 
and a sleeve portion that surrounds an end of said elon 
gated member and is crimped into firm engagement 
with it, and a series of weathersheds enclosing said 
elongated member and covering the entire surface of 
said elongated member between the fittings, the weath 
ersheds being composed of elastomeric material, each 
weathershed having a body portion with an opening of 
circular cross section and having a shield portion pro 
jecting outwardly from the body portion, the opening 
having a diameter in the unstressed state that is sub 
stantially less than the diameter of said elongated mem 
ber whereby the weathersheds are under hoop tension 
when disposed on said elongated member, and the 
weathersheds having end surfaces that contact comple 
mentary end surfaces of adjacent weathersheds, the en 
tire series of weathersheds being longitudinally com 
pressed between said fittings by an amount substan 
tially greater than the normal elongation of said elon 
gated member in service, whereby the inner surfaces of 
the openings of the weathersheds exert pressure on said 
elongated member and adjacent weathersheds exert 
pressure on each other, the interfaces between the ten 
sion member and the weathersheds being coated with 
a dielectric filling material and the openings of the 
weathersheds being grooved to retain and provide res 
ervoirs for dielectric filling material. 

14. An insulator according to claim 13 wherein the 
weathersheds are composed of EPM rubber containing 
hydrated alumina in the proportion of about one and 
one-half parts by weight of hydrated alumina to one 
part by weight of EPM rubber and the EPM rubber 
containing hydrated alumina has a hardness of about 
70 on the Shore (A) scale, an elongation of about 
300% and a tensile strength of about 1,200 pounds per 
square inch. 

15. A method of manufacturing an insulator compris 
ing a column of a plurality of weathersheds made of 
elastomeric material each having an axial opening 
therethrough surrounding an elongated member of di 
electric material of substantial mechanical strength, 
which process comprises arranging the weathersheds in 
a column in which adjacent weathersheds abut and said 
axial openings are aligned to form an aperture through 
said column, compressing said column by an amount 
greater than the amount of longitudinal compression of 
said weathersheds in the assembled insulator, inserting 
through said aperture formed by the aligned axial open 
ings of said weathersheds an elongated member of di 
electric material of essentially similar cross sectional 
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shape as said openings but of a larger cross section and 
of a length greater than the column of weathersheds to 
stretch said weathersheds, arranging said clongated 
member in said column so that its ends project there 
from, and rigidly securing to each of said ends a fitting 
member the ends of which are so located that when the 
compressive force on said column of weathersheds is 
releascd, said end fittings hold said weathersheds be 
twcen thc ends thereof under compression on said 
elongated member and so that there is hoop tension in 
said weathersheds that causes them firmly to grip said 

5 

14 
elongated member, 

16. The method of claim 15 including the step of cov 
ering at least the end of said elongated member that 
first enters said column with a protective covering to 
protect said end against plastic filling material on the 
elongated member or in said axial aligned openings as 
it passes through said column, and thereafter removing 
said protective covering to permit securing of said end 
fittings to said elongated member. 
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