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3,283,196 
EXPULSIGN LIGHTNING ARRESTER 

Delbert R. ll‘arker, Vienna, Ohio, and Robert A: Kurz, 
Sharon, Pa, assiguors to Westinghouse Electric Cor 
poration, Pittsburgh, Pa, a corporation of Pennsylvania 

Filed Feb. 4, 1965., Ser. No. 430,400 
4 Claims. (Cl. 313—231) 

The present invention relates to lightning arresters and, 
more particularly, to expulsion arresters having improved 
strength and increased surge current capacity. 

In an expulsion arrester, arc extinguishment following 
a voltage surge is achieved by un-ionized gases evolved 
in the arc chamber and expelled with the arc gases through 
a vent. The arc path is thus deionized and the arc is ex 
tinguished to interrupt power follow current. 
One of the primary determinants of surge current ca 

pacity in an expulsion arrester is the capacity of the ar 
rester to withstand explosive-like pressure build-ups in 
the arc chamber. A proven approach to achieving pres 
sure strength in the arrester is to rigidize the structure 
which encompasses the arc chamber. The strength prop 
erties of the chamber enclosure material or materials and 
the structural nature of the chamber enclosure thus is a 
direct determinant of the arrester pressure strength and 
surge current capacity. Additional information as to the 
general ‘functioning of an expulsion arrester and as to 
speci?c known structure aimed at improved strength for 
such arrester can be obtained in a copending application 
entitled “Lightning Arrester,” Serial No. 237,671, ?led by 
D. R. Parker on November 14, 1962, now Patent No. 
3,209,194, issued September 28, 1965, and in US. Patent 
3,040,203, entitled “Expulsion Lightning Arrester, by G. 
Y. Hager, issued June 19, 1962, both of which are as 
signed to the present assignee. 
The present invention encompasses structure organized 

to achieve improved strength and increased surge cur 
rent capacity for an expulsion arrester. In accordance 
with its broad principles, an expulsion lightning arrester 
comprises a pair of spaced electrodes between which there 
is disposed an arc chamber surrounded by a tubular in 
sulative member. Substantially continuous strands of 
glass are wrapped about the tubular member to a pre 
determined thickness and bonded together by means of or 
encased in a suitable resin to form a solid and strong 
casing for the arc chamber. The ‘glass casing can be so 
disposed as to provide for retaining the electrodes against 
axial forces and accordingly characterize the arrester with 
improved axial strength as well as improved hoop strength 
and increased surge current capacity. 

It is therefore an object of the invention to provide a 
novel expulsion arrester having increased surge current 
capacity. 
Another object of the invention is to provide a novel 

expulsion arrester having increased hoop and axial 
strength. 
An additional object of the invention is to provide a 

novel expulsion arrester in which reliable electrode place 
ment is achieved with manufacturing economy. 
A further object of the invention is to provide a novel 

expulsion arrester having improved strength while econo 
my is achieved in reduced use of gas evolving ?ber ma 
terial about the arrester arc chamber. 

These and other objects of the invention will become 
more apparent upon consideration of the following de 
tailed description along with the attached drawings, in 
which: 
FIGURE 1 shows an elevational View, partly in vertical 

section, of an expulsion lightning arrester constructed in 
accordance with the principles of the invention; 
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FIG. 2 shows a structural modi?cation of the arrester 
shown in FIG. 1; 

FIG. 3 shows a schematic view of the manner in which 
continuous glass strands are wound to form a part of the 
arrester of FIG. 1; and 
FIG. 4 shows a graph representing the strength char 

acteristics of a tube wound with continuous glass strands. 
More speci?cally, there is shown in FIG. 1 an expul 

sion lightning arrester 10 comprising top and bottom 
end electrodes 12 and 14 between which there is provided 
an elongated insulative tubular member 16 enclosing an 
arc chamber 18. The tubular member 16 is formed 
from a material, such as vulcanized ?ber, which emits a 
gas such as water vapor When subjected to arc heat so 
as to provide for deionization and are extinguis-hment in 
the chamber 18. The illustrated structure can be dis 
posed in a conventional porcelain housing (not shown) 
or the like so as to adapt the arrester 110 ‘for usual end 
uses. 

In accordance with conventional practice, a ?ller mem 
ber 20 having a helical groove 22 and preferably formed 
from the same material as the tube 16 is extended be_ 
tween the bottom electrode 14 and a stem 24 threadedly 
secured to the top electrode 12 and depending therefrom 
so as to provide increased surface area of the gas emitting 
material for are quenching purposes. A predetermined 
small vspacing is provided between the outmost cylindrical 
periphery of the ?ller member 20 and the innermost 
cylindrical surface of the tube 16. 
The tube 16 is seated on the bottom electrode 14 as 

‘indicated by the reference character 26, and the top elec 
trode 12 is preferably threadedly secured to the tube 16 
as indicated by the reference character 28. When a 
voltage surge causes an arc discharge between the elec 
trode stem 24 and the bottom electrode 14, un-ionized gas 
is emitted from the ?ller member surfaces and the inner 
surface of the tube 16 as a result of the high are generated 
heat along such surfaces. The are gases and the emitted 
gases are vented from the chamber 18 through openings 
30 in the bottom electrode 14 and on deionization within 
the chamber 18 the arc is extinguished. 
To provide improved strength for the arrester 10 

against arc chamber pressures associated with the arc 
generation and extinguishment process, there is provided 
an outer casing 32 comprising substantially continuous 
glass strands. A tubular metallic or steel casing 34 can 
be disposed directly over the ?ber tube 16 and crimped 
thereagainst as indicated by the reference character 36 
and against the bottom electrode 14 as indicated by the 
reference character 38. The steel casing 34 thus rigidly 
supports the bottom electrode 14 in the assembly, general 
ly strengthens the arrester 10 and further provides an 
electrostatic shield for reducing sparkover voltage as ex 
plained in the previously noted Hager patent. The fact 
that the “glass” casing 32 is electrically insulative pre 
vents external ?ashover from the top electrode 12 to the 
steel casing 34. The word “glass” in “glass casing” is 
used as a convenient descriptor and is not used in an 
exclusive sense as to the material make-up of the outer 
casing 32. 

In the alternative, an electrostatic shield can be pro— 
vided by a foil 40 (FIG. 2) conductively connected to 
electrode 14a and disposed at an interlayer location in 
glass casing 320 of arrester 1042 during the winding 
thereof. A substantially shortened metallic or steel casing 
42 is disposed about the exterior of the glass casing 32a 
for mechanically securing the bottom electrode 14a in the 
assembly without current creepage from top electrode 
120:. Securance of the shortened steel casing 42 to the 
glass casing 32a can be obtained by crimping the steel 
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casing 42 as indicated by the reference character 44 into 
suitable grooves formed in the casing 32a. 

Improved strength is achieved for the arrester 10 or 
10a in containment of internally generated pressures for 
reasons including the strength properties of the glass 
strands employed to form the glass casing 32 or 32a. In 
both arresters 10 and 10a, manufacturing economy is 
achieved since the tube 16 or 16a can have relatively less 
strength and thus can have a thinner tubular wall of ex 
pensive ?ber material. 

Since the glass strands are continuous (or substantially 
continuous, i.e. a small percentage of the strands may for 
some reason have discontinuities), excellent tensile 
strength results within the casing 32 or 32a and in turn 
leads to improved hoop and axial strength for the arrester 
10 or 10a. In addition, axial assembly strength is con 
veniently and effectively achieved ‘by inward taper of the 
top electrode 12 as indicated by the reference character 
46 (FIG. 1) and associated inward taper of the glass cas 
ing 32 directly over the tapered surface of the electrode 
12 Without a requirement for intermediate retaining rings 
or the like. Outward longitudinal displacement of the 
top electrode 12 is thus effectively prevented and it is 
rigidly supported in place. In the alternative, as shown 
in the arrester 10a of FIG. 2, threading 47 can be em 
ployed on the electrode 12a to achieve effective placement 
forces by the casing 32a on the electrode 1211. 
As schematically illustrated in FIG. 3, the winding op 

eration for the glass casing 32 can use a plurality of 
spools 49 from each of which a plurality or bunch of con 
tinuous glass strands 48 is drawn through a resin bath 50. 
A strand bunch of this type is commonly called “roving.” 
Preferably, the glass strands 48 are sized with a suitable 
material to be compatible for adherence with a pre 
selected resin and such resin preferably is a suitable cat 
alyzed epoxy resin. 
To minimize surplus resin accumulation, the resin vis 

cosity in the bath 50 can be maintained at about 500 cen 
tipoises or within a predetermined range thereof but not 
in excess of some upper limit such as 1000 cps. To this 
end, the bath temperature can be maintained between 40° 
C. and 45° C. 
The glass strands 48 are drawn through the bath 50, 

suitably brushed by a wiper 52 or the like to remove ex 
cess resin and directed to a' winding head 54. The strands 
48 are led from the winding head 54 to an arrester sub 
assembly or, as shown a top-to-top pair of arrester sub 
assemblies (including in this case the steel casing 34 of 
FIG. 1) mounted in a winding machine 56. The wind 
ing operation is then begun. 
The angle a formed by the strands 48 with the longi 

tudinal axis of the arrester 10 is termed the “winding 
angle” and is a determinant of strength properties in the 
?nished product unit. As shown in FIG. 4, the load 
strength of a glass wound tube (and hence the glass 
wound arrester 10) varies with the winding angle a. 
More speci?cally, the hoop, compression and tensile 
strength of a glass wound tube vary according to differing 
curves 58, 60 and 62. Compression strength is nearly 
constant with winding angle, whereas tensile strength in 
creases sharply as winding angle becomes less than 40° 
(i.e., the winding helix is widely spread and continuous 
strands become more aligned with the tube longitudinal 
axis) whereas hoop strength increases to very high values 
as the winding angle approaches 90° (i.e., the winding 
helix is very tight and the continuous strands become 
nearly circumferentially disposed about the tube). Pref 
erably, the winding angle on is about 45° to obtain an op 
timum or nearly optimum balance in hoop and tensile 
strength for the arrester 10 or 10a. However, other ten 
sile and hoop strength combinations suitable for arrester 
use can be obtained with other winding angles. Further, 
different winding angles can be used at different points 
in the winding operation on the same sub-assembly or top 
to-top pair of sub-assemblies. For example, a winding 
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4 
angle of 90° could be used along a center portion of the 
top-t-o-top pair, so as to facilitate post-winding separation, 
while a winding angle of say 45 ° is used on the balance 
of the top-to-top pair. 
As the glass strands 48 are layered on the arrester sub 

assembly during winding (i.e. about the tube 16 and steel 
casing 34), some additional excess resin may be wiped 
off by hand or by other means. When the desired thick 
ness is wound for the glass casing 32 the winding is ter 
minated and the glass strands 48 are cut. The arrester 10 
may then be placed in a gelling oven, for example, at 
130° C. for 15 to 25 minutes. Subsequently, the arrester 
10 is placed in a cure oven for ?nal cure, for example, 
for about 3 hours at 130° C.j:5° C. 
The glass strands 48 are then encased in the resin in a 

solid mass providing high hoop, compression and tensile 
strength properties for the arrester 10. The same is true 
for the arrester 1011 when wound in a manner similar to 
that just described for the arrester 10. It is not necessary 
that the glass casing 32 or 32a be bonded to the ?ber tube 
16 or ?ber tube 16a, although in practice it may be if de 
sired, particularly since the glass casing 32 or 32a is dis 
posed with mechanical tightness about the ?ber tube 16 or 
16a. To promote mechanical grip, threads 64 or 64a can 
be used on the other surface of the tube 16 or 16a. The 
threads 64 or 64a can also increase the length of a possible 
creepage path from the top electrode 12 or 12a to the steel 
casing 34 or the foil 40. 
An alternate method of winding the glass casing 32 or 

32a is to use a suitably formed mandrel and follow the 
steps previously described. When cured, the casing 32 
of 32:: can then be ?tted over the tube 16 or 16a. How 
ever, manufacturing expense and relatively poor casing 
?t are the major disadvantages of this alternate method as 
compared to the process in which the tube 16 or 16a is 
used as its own mandrel. , 
The foregoing description has been set forth only to 

illustrate the principles of the invention. Accordingly, 
it is desired that the invention be not limited by the em 
bodiments described, but, rather, that it be accorded an 
interpretation consistent with the scope and spirit of its 
broad principles. 
What is claimed is: 
1. An expulsion lightning arrester comprising a tubular 

insulative member de?ning an arc chamber and effective 
to emit un-ionized gas when subjected to are heat, a pair 
of electrodes disposed adjacent opposite ends of said tubu 
lar member, one of said electrodes providing a vent for 
said chamber, an outer casing comprising continuous glass 
strands encased in a resin about said tubular member, and 
means for retaining said electrodes against axially directed 
pressure, said retaining means including at least one end 
portion of said outer casing tapered radially inwardly to 
provide longitudinal support for at least one of said elec 
trodes. 

2. An expulsion lightning arrester comprising a tubular 
insulative member de?ning an arc chamber and effective 
to emit un-ionized gas when subjected to arc heat, a pair 
of electrodes disposed adjacent opposite ends of said tubu 
lar member, one of said electrodes providing a vent for 
said chamber, an outer casing comprising continuous glass 
strands encased in a resin about said tubular member, an 
end portion of said outer casing tapered radially inwardly 
to provide longitudinal support for the other electrode, a 
tubular metallic member secured to said insulative tubular 
member and engaging said one electrode to provide place 
ment support therefor, and electrostatic shield means dis 
posed outwardly of said insulative tubular member and 
extending over a substantial portion of the inter-electrode 
space. ' 

3. An expulsion lightning arrester as set forth in claim 
2 wherein said continuous glass strands are disposed at 
an angle With the longitudinal axis of said tubular mem 
ber. 
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4. An expulsion ‘lightning arrester comprising a tubular 
insulative member de?ning an arc chamber and e?ective 
to emit un-ionized gas when subjected to are heat, a pair 
of electrodes disposed adjacent opposite ends of said tubu 
lar member, one of said electrodes providing a vent for 
said chamber, an outer casing comprising continuous glass 
strands encased in a resin about said tubular member, said 
continuous glass strands disposed at an angle with the 
longitudinal axis of said tubular member, and means for 
retaining said electrodes against axially directed pressure, 
said retaining means including at least one end portion of 
said outer casing tapered radially inwardly to provide 
longitudinal support for at least one of said electrodes. 
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