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Patented Dec. 8, 1953

2,662,138
CIRCUIT INTERRUPTER HOUSING

Eigurd 1. Lindell, Chicago, and Charles H. Baker,
Maywosd, XL, assigners to S & C Electric Com-
pany, Chicago, Ill, a corporation of Delaware

Application March 30, 1951, Serial No. 218,448
9 Claims., (CL 200—120)

1
This invention relates, generally, to cireuit in-
terrupters, and it has particular relation to ‘hous-
ings for high voltage cireuit interrunters. It con~
stitutes an improvement over the circuit inter-
rupter housings disclosed in application Serial
No. 273,538, filed ¥ebruary 27, 1952; and in an-

plication Serial Wo. 96,034, filed May 28, 1948, tioned therein.

now Patent Mo, 2,689,187, granted June 3, 1952,
all assigned o the assignee ¢f this application.
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UNITED STATES PATENT OFFICE

it is desired to inerease the resistance of the outer
tube formed of the materials above noted to
internal pressure, a liner in the form of a vul-
canized fibre tube or other tough material ig lo-
5 cated within the former and the solid arc ex-
tinguishing material, such as boric acid, is posi-

As set forth in application Serial No. 273,638,
the granular solid are extinguishing material is

The tubular housings for the eireuit inter- 1p compacted into a groeved inner surface of the

rupbers shiown in

s2 applications are subjected ubular hous'ng or into such a surface of the

to relatively high open eircuit voltages after an fibre liner. The vpurpose of this is to inecrease

are has been drawn therein and extinguished.
Where the normal freguency voltage impressed
across the tubular housing is of the order of sev- 1
eral thousand volts, for example 69 kv, and
where the nermal frequency voltage may be ex-
ceeded to a great exbent by transient voltages

2

rising from various sources, difficulty has been
encountered particuﬁarly in high current capac- gq ance to internal pressure, difficul
ity interrupters employing high strength liners
within the insulating housing in making certain
that any reignition or restriking of the are will

(=1}

countered in producing
outer housging wall and satisiactory
tween it and the fibre Ii

he creepage and striking distance over the outer
surface of the filling of solid are extinguishing
meterial at the junction between if and the ad-
Jacent surface of the housing and to insure that
the arc will not restrike here. When a liner of
fibre or other materisl of suitable physical prop-
erties is employed to provide the de

sired resist-

Ity has been en-
solid hemo

geneous
bonding be-

ned to prevent reigni-

take place only in the bore where it is originally tion or restriking of the arc along the junction

drawn and extinguished ax
Jected to the arc sxting
water vapor evolving
or ma

In constructing

ey
¥

o

~

for

Torn

cireuit interrupter housings

paths over its external surface
good dielesiric gualities, and is eapable of

el en
i
-
&

o)
0
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withstanding severs ¢

mechanieal foress that are incident to the op-~
on of high current cireuit interrupters. The
rials preferably used for making these cuter

are rolied laminated paper tubes impreg- to cure the resin. For the wall thickn

der to furnich the necessary are extin- ’
teristics there is provided within ,; Manufacturing process.
> bube a material which is capable of evely-
auantity of water vapor or other are
12 gas when subjected to the heat of
ome materials which are satisfactory
ose are boric acid and magnesium 50 Structure to be non
horste, these heing
wre or viulcani

4 where it can be sub- 2
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therebetween or through longitudinal voids in
uishing action of a gas or the tubular housing itself,

This has been par-
medium such as boric acid Heularly trye where the wall thickness of the

laminated tube formed of rolled paper and phe-

nolic condensation product has g thickness above
thers is employed an outer tube ,, % ineh, for example % inch to % inch, and where

g, has little tendency to the thickness of the fibre liner is about Ya inch.

, For the reasongs vointed out
rial No. 273,838, the fibre liner
lelectrie stresses. However, equal to half that of the tubu
his outer tube mechanizally is relatively weak
and unzkis under all operating cenditions to
withstand the high in

in application Se-
has a length about
lar housing and is
located midway between its ends. z
voltages a tube length of ov
ternal pressures and other with an external diameter of three inches. Such

tubes were made by rolling

with phenolic resin layer on
40 liner under pressure and then baking in an oven

Tor certain

er four feet is required

paper impregnated
layer onto a fibre

£5S required

condensation produets, it was found impractical to follow this proce-

nuler in charvacter, and where breakdown could oceu
zed fibre either in tubular
alning form or ag o stack of rings. These
arranged to provide a hore within
iy drawn and extinguished. Where 5/

1

<
Ny

tendency for the tube to del
junetion with the fibre liner
CGras ot air pockets were DI
age of assemblies whic

voltage conditions rather
the bore where the are
readily. These difficulties
test precedures in manufaciuring accompanied

~esh§s, poreelain, ebe. dure. Due to the resiliency of the liner uniform

. pressure could not be maintained during the
As a result there was a
aminate and the’
was unsatisfactory.
esent in 2 high percent-
h caused the dielectric
-uniform and provideq a path
T under severe over-
than restriking throngh
could be extinguished
necessitated elaborate
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3
by a high percentage of rejections in providing
the desired composite tubular housing.

Accordingly, among the cbiects of this inven-
tion are: To provide for manufacturing & com-~
posite insulating tube for use in high voltage cir-
cuit interrupter applications where the junction
between dissimilar insulating materials will have
a dielectric strength substantially greater than
that of the straight sir path along the boundary
surfaces between these materials or equal to or
greater than the break down strength between
the ends of the tube; to construct the tubular
housing by roliing paper impregnaied with phe-
nolic resin to the desired thickness and curing the
same without creating voids therein or having it
delaminate; to prefabricate a liner and a housing
therefor separately in a new and improved man-
ner so that when asserabled into a unitary struc-
ture, each can have desired characteristics differ-
ent from those of the other without impairment
of any of them; and to prefabricate a tubular
liner whieh is relatively tough and mechanicaily
strong and has arc extinguishing properties and
to prefabricate sepavately a tubular housing
therefor which has relatively good weather re-
sisting cqualities and relatively high dielectric
strength and to assemble this liner and housing
into a unitary structure in such manner that
these characteristics are unimpaired with con~
figuration of the juziaposed surfaces being such
that the boundary zone hetween the liner and
housing has & substantiaily greater dielectric
strength than the straight air path slong adja-
cent portions of ths liner and housing.

Cther objects of this invention will, in part, be
obvious and in part appear hereinafier.

This invention is disclosed in the embodiments
thereof shown in the accompanying drawings
and it comprises the features of construction,
combination of elements and arrangement of
parts which will be exemplified in the construc-
ticns hereinafter set forth and the scope of the
application. of which will be indicated in the
appended claims.

For a more complete understanding of the
nature and scope of this invention, reference may
be had to the following datailed description, taken
together with the accompanying drawings, in
which:

Figures 14, 1B and 1C, taken together in the
crder named and placed one above the other,
show a longitudinal creoss secticnal view of a fuse
type of circuit interrupter in which this invention
is embhodied;

Figure 2 is o longitudinal sectional view at an
enlarged scale of the tubular insulating housing
shown in the preceding figures;

Pigure 3 is & longitudinal sectional view of the
fibre liner for the tubular insulating housing
shown in Figure 2; and

Pigure 4 is a longitudinal sectional view of a
circuit interrupter of the separable contact type
in which the nresent invention is embodied.

Referring now particularly to Figures 1A, 1B
and 1C of the drawings, it will be observed that
the reference character 19 designates, generally,
a circuit interrupter for use ¢n high voltage elec~
tric power transmission lines. For example, the
cireuit interrupter {9 can be employed on circuits
the voltage of which is of the order of 62 kv. to
110 kv. However, its application is not limited
to these particular voltages.

The circuit interrupter {8 has an upper ter-
minal {1 and a lower terminal {2 which are
arranged to be connected suitably to stationary
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line terminsals. The lower terminal (2 has an
wiension 13 for facilitating mounting of a re-
movable fitting thereon.

The terminals i § and 12 are located at the ends
of & tubular insulating housing {4 which may be
formed of rolled papsr impregnated with mel-
amine resin or of & phenolic condensation prod-
uet, the latter being preferred. Such a housing
has the characteristics referred to hereinbefore
but, as indicated, is relatively weak mechanically
insciar as concerns its ability to resist the burst-
ing stress incident to the operation of the circuit
interrupter under heavy or short circuit eurrent
interrupting conditions. In order to withstand
the bursting stress ingident io such operation
there is provided o linsr |5 which is formed of
horn fibre or vulcanized fibre. As illustrated, the
liner 15 is located midway between the ends of
the tubular insulating housing 14 and its length
is about equal to one-half the length thereof.

Tor the reasons outlined in application Serial
No. 273,628, the Ghre liner {5 is threaded inter-
nally as indicated at 1% for the purpose of receiv-
ing a fAlling {7 in the form of cakes of boric acid.
This granular arve extinguishing material, which
evolves a large guantity of water vapor when sup-
jeeted to the heat of the arc, is compacted into
the grooved surface provided by the threads 19
50 ag to be neld mechanically thersby and to
provide 2 junction with the fbre liner 5 so that
no breakdown therealong takes piace when the
cireuit interrupber 1¢ is subjected to severe over-
voltage conditions. ‘The filling {7 of arc extin-
suishing material is arranged to have a bore 18
extending longitudinally therethrough in which
g, rod-like terminal or arcing rod {9 is arranged
to move.

The terminal {9 is restrained against move-
ment upwardly through the bore (8 by a strain
wire 22 which is paralleled by a fusible element
£3. They are connected at their lower ends 10
a terminal 24 which is carricd by a spider 23.
The spider 28 bears against a shoulder 28 of a
tubular terminal 27 the upper end 2% of which
is threaded into the lower end of the fibre liner
{5 and hears against an exhaust ring 23 formed
of suitable ingulation such as fibre. Under severe
operating conditions when the fusible element
2% and strain wire €2 are blown, the spider 2%
meay be blown outl of the lower end of the insulat-
ing housing 4. Extending downwardly from the
tubwlar terminal 87 iz a metallic tube or stress
distribution shield 28 ths function of which is
set forth in applicaticn Serial No. 273,838, At
its lower end the metaliic tube 88 is secured to
a retaining member i which In turn is secured,
as shown in Figure 1€, f¢ the lower termi-
nal 2.

At its upper end the rod-liks termingal 43 has
a cylindriecal contact section 33 which iz en-
gaged about its periphery by coniact fngers 4
that are urged contact engagement by a

SUrrou 25. The contact
fngers &4 extend upw irom a tubular termi-
nal 3§ the lower end 27 of which is threaded info

the upper end of the fibre liner {5. Secured to
angd extending upwardly from ths tubular termi-
nal 38 is a metallic tube or ghress distrs
shield 38 whose funciion is similar to that of
the metallic tube or siress distribution shield
20 at the lower end of the ftubular insulating
housing 4. At upper end the metallic tube
38 is connected, as chown in Tigure 1A, to the
upper terminal 1. :

The rod-like terminal {9 is provided with an

e
kvs)
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cxtension 39 ahove the eylindrical contact see-
tion 23 to the upper end of which one end of
a fiexible conductor 49 is connected. The other
end of the flexible conductor 4% is connected by
a conducting strap &1 to the fubular termminal
2§ as shown at the top of Figure 1B, The pur-
ess of the fexible conductor 49 and conducting
strap 81 is to provide a metallic conducting path
netween the exiension 38 of the rod-like termi-
nal {3 and the itubular terminal $86 after the
cylindrieal contact section 33 moves oub of en~
gagement with the contact fingers 24, The flexi-
ble conductor &9 is trained over a pulley 42
which is carried by a yoke 43 that is supported
by an end ring 44 carried by the upper end of
a compression tube 45. The compression tube
&8 is slidably mounted in the upper end of the
metallic tube 83 and is urged upwardly by a
ccil compression spring 48 for the purpose of
retracting the rod-like terminal §9 through the
bore {2 in the filling {7 of solid are extinsuish-
ing material when the strain wire 22 and the
fusible element 23 have been melted as g result
of the flow therethrough of overload or short
circuit current.

As pointed out hereinbefore, difficulty has been
encountered in fabricating the tubular insulat-
ing housing 14 with the fibre liner i3 therein.
An imperfect bond at the junction thersbeiween
was ebtained in a high percentage of the manu-

ssemblies and there was a tendency for
tlon of the layers of impregnated naper
lied under pressure to make un the fubu-

a result there were numerous in-
¢ voltage breakdown in manufacturing
batween the fibre liner 5 and the tubular
insulating housing {4 at the junction therebe-
tween or along adjacent layers of the imopreg-
nated paper making up the housing (4.

In accordance with the present invention ag
Mlustrated in Figure 2, these difficulties are over-~
come by fabrigaling separately the tubulgr in-
sulating housing {4 of a phenolic condensation
product. This makes it possible to provide the
desired wall thickness by winding the layers of
impregnated paper onto a rigid steel mandrel
which extends throughout the entire length of
the finished housing (4. Thereafter it is cured
to pelymerize the resin and $o fix the insulating
and other desirable characteristics as may be

desired. The housing {4 then is provided with
an internally annularly or circumferentially

grooved surface as indicated at 58 preferably by
cutting a thread therein. For example, in the
rerticular embodiment illustrated whers the out-
side diameter of the housing (4 is two and 13
inghes the thread is a one and 34 inches-8 Ciass
1 thread.

As lustrated more clearly in Figure 3 the liner
£5 is provided with an externally annularly or
circumferentially grooved surface 51 which igs
forined by cutting a like thread on its outer sur-
face. Also prior to assembly of the fibre liner
{5 in the housing {4 the internal threads 1§ are
cut, The end sections B4 and 88§ of the threads
18 may be out to a slightly greater pitch diameter
for vecelving the tubular terminals 27 ang 371.
Further there is provided an unthreaded section
5§ for receiving the exhaust ring 28.

While the fibre liner 15 consiructed as shown
in Figure 3 can be threadsd into the grooved
surface 5§ of the housing {4 without aprplying
anything to the grooved surfaces, it i3 preferable
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to apply thereto an adhesive coating. For this
burpose the grooved surface 58 has an adhesive
coating, as indicated at 37, applied thereto and
likewise an adhesive goating as indicated a$ 58
iy applied to the grooved surface §1 of the fibre
liner §8. This adhesive is formed preferably of
water scluble urea resin which polymerizes with-
out substantial change in volume, Immediately
after the aprplication of the adhesive coatings 57
and &3 to the grooved surfaces §3 and §f, the
fibre liner 15 is threaded into the insulating
housing {4 so as to provide the composite tubular
construetion illustrated in Figure 1B. 'There-
after the composite housing is baked to hasten
polymerization of the adhssive,

By emuloying the interfitting gnnularly grogved
surfaces 8% ang 51 the creepage and striking dis-
tance over the fibre liner I5 is substantially in-
creased. For example, it may be increased as
much as 50% to 100% over the original creep-
age or striking distance. 'The adhssive coatings
§7 and 88 fill any voids which might otherwise
exigt along the houndary betweesn the grooved
surfaces and bonds the two members into an in-
tegral structure. Affer being baked tests have
shown that the boundary bstween the grooved
surfaces 88 and §{ has a dieleciric strength equal
to air of twice fthe linear distance along the
boundary of the adjacent materials hetween their
ends. As indieated ¢he threads forming the
grooved surfaces 59 and 51 for the housing (4
and fibre liner 5 are formed by matching
threads. These threads can be modifed 50 that
they have an interference fit angd thus mechani~
cally provide for filling the spaces between ad-~
jacent threads when the fibve liner {5 is threaded
into position under the required pressure,

In Figure 4 of the drawings there is llustrated,
generally at 80, a circuit interrupter of the sepa~
rable contact type. 'The cireuit interrupter 68
includes an upper line terminal €1 and a lower
line terminal 52 in the form of a housing which
is employed for enclosing an operating mechg-~
nism that is indicated, generally, at £3. Retween
the line terminals 61 and 62 there is provided an
insulating housing, shown generally at 84, which
comprises a suitable ceramic material such as a
tubular porcelain insulating housing &3 having
therewithin and coextensive therewiih a liner
66 formed of vulcanized fibre or horn fiber. The
porcelain housing §5 is provided with a grooved
inner surface 67 which is formed by cutting a
thread thevein prior to the curing of the hous-
ing 65. Likewise the outer surface of the fibre
liner &6 is grooved as indicated ai 88 by a suit-
able cutting tool.

~FPrior to threading the fibre liner 83 into the
porcelain housing §5, the former is enclosed in
a sleeve 68 that is formed rreferably of syn-
thetic rubber and has sufficient body to All the
spaces between the threads in the grooved sur-
faces 67 and 68 when the fibre liner &3 is thread-
ed into the porceiain housing §5. Tn order to
facilitate the entry of the fibre liner §8 with the
synthetic rubber sleeve 5§ thersover, the outer
surface of the latter can be vrovidad with suit-
able lubricant such as tale or the like.

At its lower end the fibre liner 86 is arranged
to receive an extension 78 from the lins terminal
housing 62 and the same is provided with threads
11 to fix the same in nosition. The fibre liner 66
has a bore 12 extending therethrough in which
the arc is drawn and extinguished and through
which -a rod-like terminal 13 is movable by the
operating mechanism §3. '
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At its upper end the rod-like terminal 73 has
contact fingers 74 which engage a contbact sleeve
15 that is threaded at 15 into the upper end of the
fibre liner 6. The contact sleeve 75 is threaded
intermedate its ends at T1 for threaded engage-
ment with the line terminal 61 at the end of the
insulating housing §4. An insulating trailer 78
is movable with the rod-like terminal 63 into
the bore %2 of the fibre liner 86 for the purpose of
confining the are between its outer surface and
this bore when it iz drawn between the contact
fingers 74 and the contact sleeve 15.

Since certain further changes can be made in
the foregoing constructions and different em-
bodiments of the invention can he made without
departing from the spirit and scope thereof, it is
intended that all matter shown in the accom~
panying drawings and described hereinbefore
shall be interpreted as llustrative and not in &
limiting sense.

What is claimed as new is:

1. In 2 high voliage circait interrupter, in
combination, an insulating tube having a length
several times its diameter and having a threaded
inner surface over g length several times its di-
armeter, line terminzﬂs at the ends of said tube, a
one-piece tubular self-sustaining liner having a
length several times its diameter and having a
threaded outer surface threaded into said tube,
the space cccupled by said liner and said tube
coextensive therewith being free from voids and
no path being provided thersbetween along
which current can flow or an arc is likely to be
struck, stationary conducting means extending
from each line $erminal into said tube for a sub-
stantial distance with the inner end of each con~
dueting means pirojecting into the correspond-
ing end of said liner, and means interconneciing
sa*‘d conducting means for drawing an arc with-

n said tube and liner on operation of the inter-
rupher the bresk distance between the terminals
of said are drawing means in the circuit open
position baing less than the length of the juxta-
posed threaded surfaces of said tube and liner.

2. In & high voltage circuit interrupter, in com-
bination, an insulating tube having a length sev-

eral times its diameter and having a threaded
inner surface over a length several times ifs diam~
eter, line terminals at the ends of said tube, a cne~
piece tubular self-sustaining liner having a length
several times its diameter and having a threaded
outer suriace threaded into said fube, the space
occupied by said liner and said tube coextensive
therewith being free from voids and no path heing
provided therebetween along which eurrent can
flow or an arc is likely to be struck, staticnary
conducting means extending from each line ter-
mingl into said tube for a substantial distance
with the inner end of each conducting means

projecting info the corresponding end of said
liner, said liner having an annularly grooved

inner surface, a filling of arc extinguishing ma-
terial compacted into said grooved inner surface
and having a bore from the surface of which an
are exbinguishing medium can he evolved due to
the heal of the are, and means interconnecting
sald conducting means for drawing an are with-
in said bore on operation of the interrupter, the
break distance between the terminals of said are
drawing means in the ¢ircuit open position heing
less than the length of the juxtaposed threaded
surfaces of zaid tube and liner, said conducting
means acting to distribute voltage stress applied
to said line terminals to prevent arcing therebe-
tween externally of said tube and applying the
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voltage stress to the ends of said juxtaposed
threaded surfaces and the ends of the ju:«:tmosed
surfaces of said liner and said filling of arc ex-
tinguishing material wherepby any arc struck be-
tween said conducting means is formed and ex-
tingyished in said bore.

3. The invention, as set fort
in the insulating tube is a “no"
rroduct and the liner is formed 0

4. The inventicn, as set ford clal; n 1, whare-
in the insulating tubs is formed of porcelain
and the liner is formed of

5. The invention, as set forth in claim 1, where-~
in a layer of insulating pelymerized adhesive ma
terial whose volume remaing subsia nually
constant alter polymerization is Interposed be-
tween the juxtaposed thresded surfaces of the
tube and liner.

aim 1, where-
V.uc{ua,,,v tion

- O

8. The invention, ag seb forth in cl&m: 1, where~
in g layer of waber seluble m s ': iy mevroscxd
between the juxtapossd thre sag of the
tube and liner.

7. The invention, s set T 1, where~

in a layer of syn*heu-c i 1
tween the juxtaposed thr
tube and liner.

8. In a high volta
hination, an insulati
eral times its
surface mid \ray ihs
equal o hau‘ &
nals at the r‘°
self-sustain m e}
length of saic cube ‘m.l q:ni [

gitlrface threaded info the ume rA
tube, the spacs ocou },lLd bf
tube coextensive there ;
and no path keing provid
whish current can £
a stati
from aac ine tcx mme,i
the corresponding and of
interconnecting said tubul

toAS]

(D Z‘..) CJ

e aed be~
aces of the

in com-~
ngth sev-
2 w" it inner
d over g length
be line fermi~
e-piece tubular

’:5
W
0
o1

CHS]

ig likely to b
uctor extending
1 tuke and into
iner, and means
>hors for draw-
1'1(31 on opera-
s mnc‘ he-~

ing sn arc within said &
tion of the inter X
tween the terminsls ﬂf
in the circuit onen ;m"
angth of said liner.

9. in a high voliage mirm*i
i 1, an m:ulmt‘

ion B Cln“ Kt

et b

iry Ler

T, m com-

th oL tha m“
‘5 lt*b a m

threadec} mtu t-he m1° ;ej noz tior 1 of ¢
the space ocecupied b*r said liner *ﬁd said tube
coextensive t}‘lera\? he: g from voids and
slorel ajong which
7 t0 he struck,
a static 1*'1 ,] bUOL}FL‘r [shnstarkles extending from
each line terminal info said tube and into the
corresponding end of sald liner
4*11’\01

an annuviarly grog ve*i
arg extinguishing oach
grooved nmcr .:u.u“‘w\, a mi hamno; v RO
the surface of 3 i
an be evolve*’ (lm o Lhe }1 ﬁ 2
msafﬂs interconnecting sald tiuby cmn}uct- 5

for drawing sn are wi uthl said bore, gaid tubular
conductors acting fo distribute voltage stress ap-
plied to said line terminals to prevent arcing
therebetween externally of said tube and apply-
ing the voltage stress to the ends of said juxta-
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posed threaded surfaces and the ends of the juxta-
posed surfaces of said liner and said filling of arc
extinguishing material whereby any arc struck
between said conducting means is drawn and ex-
tinguished in said bore.
SIGURD I. LINDELL.
CHARLES H. BAKER.
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