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This invention relates to improvements in elec-
tric circuit breakers and lead-in bushings and
moré particularly to circuit breakers in which
the contacts interrupting the circuit are separat-

5 ed in a vacuum within casings formed of insulat-
ing material which are adapted for use as bush-
ings for the terminals of high- potential
apparatus.

When circuit breakers; employing an inter-
posed non-conductive fluid, such as oil, to aid in
quenching the arc established upon separation of
the contacts to interrupt an electric circuit; are
used in high voltage lines the dimensions of a
circuit breaker -having sufficient capacity to in-
terrupt short circuits become so large that the
circuit breaker becomes very expensive and re-
quires a large space. Due to the large size of
such circuit breakers, it is impossible to mount
the circuit breakers upon the tanks of high volt-
0 age apparatus such as transformers or even close-

ly adjacent such tanks. Such circuit breakers

also have other well known disadvantages which

those skilled in the art have attempted to avoid

by the use of circuit breakers without oil such as
8 g circuit breaker in which the circuit is inter-
rupted in a vacuum.

The difficulties in the construction and opera-
tion of circuit breakers operating in a vacuum
and of such size that the structure may be used
as a lead-in bushing are to be found not only in
the maintenance of the vacuum at 'the desired
value due to the continuous liberation of occluded
gases from the materials of which the evacuated
chamber is constructed but also in the difficulty
of constructing a vacuum chamber of insulating

material of sufficient size which will be gas-tight.

Ceramic materials are usually used for the insula-
tion of conductors at high voltages and it is nec-
essary that the dimensions of a vacuum cham-
ber for high voltages formed of such materials
be such that the exposed surfaces will prevent
flash-overs or glow discharges. It is, however,
very difficult to construct a chamber of ceramic
materials of sufficient size in such manner that
the chamber will be continuously gas-tight and
will therefore be capable of being maintained at
a suitable vacuum.

It is therefore among the objects of the present
invention to provide an electric circuit breaker in
which contacts are separated within a vacuum
maintained within an integral chamber of in-
sulating material.

. Another object of the invention is to provide a
circuit breaker operating in an evacuated cham-
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ber of such size that the chamber may be made
integrally from ceramic materials.

Another object of the invention is to provide a
circuit breaker in which the contacts are sepa-
rated within an evacuated chamber of such size
that the chamber may be arranged within an in-
sulating casing in such manner as to materially
increase the flash-over voltage of the vacuum
chamber and to decrease the possibility of glow
discharges therefrom.

Another object of the invention is to provide a
combined circuit breaker and terminal bushing
for high voltage apparatus in which the contacts
interrupting the circuit are operated in -an evac-
uated chamber which is arranged within an in-
sulating casing in which the space between the
evacuated chamber and the casing is filled with
an insulating fluid and in which means are pro-
vided within the casing to secure potential dis-
tribution over the entire surface of the casing.

Objects and advantages other than those above
set forth will be apparent from the following de-
scription when read in connection with the ac-
companying drawing forming a portion of the
disclosure of the present invention which is a
vertical sectional view illustrating one embodi-
ment of the invention, in which a pair of con-
tacts operate within an evacuated chamber which
is arranged within an insulating casing filled with
a suitable dielectric and provided with means to
increase the flash-over voltages, and to secure
potential distribution over the surface of the cas-
ing to obtain a structure operating as a circuit
breaker and also adapted for use as a terminal
bushing for high potential apparatus.

Referring more particularly to the drawing by
characters of reference, the reference numeral
1 designates a gas-tight chamber of insulating
material, such as a ceramic material, formed with
a materially decreased central section for a pur-
pose which will appear hereinafter. The outer
surface of the chamber 1 is formed with ribs or
skirts 2, which are effective to materially increase
the flash-over or leakage path on the exterior
of the chamber and thus reduce the danger of
glow discharges therefrom. Conductors 3 and
4 are fused or otherwise sealed in gas-tight rela-
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tion into the chamber 1, the conductor 3 forming

the fixed contact for the ecircuit breaker struc-
ture. The conductor 4 is connected at the end
thereof within the chamber 1 with one end of
a flexible conductor 6. The other end of the
flexible conductor is connected with one end of
a rod 7 forming a contact movable into and out
of contact with the fixed contact 3. Contact 7
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is operated info and cut of connection with con-
tact 3 by the action of coils 8 or 9 which are
arranged 2bout the decreased central section of
the chamber 1 and act upon an enlarged portion
11 on the movable contact 7, which enlarged por-
tion serves as the armature of g, solenoid formed by
the coils 8, 9. The coil 9, upon energization there-
of from a suitable source (not shown) , Causes un~
ward or eircuit closing movement of contact 7
and the coil 8 causes downward or circuit open-
ing movement of contact 7. Movement of con-
tact 7 is guided by walls 12 and 13 extending
acrosy the chamber 1. Such walls may be made
integral with the chamber or may be separate
therefrom and attached thereto as desired.
Chamber 1 is evacuated by a suitable evacuate-
ing pump (ot shown) through a tubular con~
nection 16 between the chamber and the pump.

The chamber 1 and its contacts are enclosed
within e casing or housing, the greater portion
of which is formed By an upper and a lower
insulating pertion 18 and 19, respectively. ‘The
insulators 18 and 19 are preferably in the form
of hollow substantially conical members such as
are now used for the construction of oil filled
bushings. The insulators are preferably skirted
as shown to increase the fash-over distance and
to prevent the occurrence of glow discharges, and
are joined at the bases thereof by means of g
flanged connecting member 21 into which ihe
openbase endsof the insulators are sealed in fluid-
tight relation. 'The open ends of the insulators
are closed in fluid-tight relation by means of simi-
lar top and bottom closures 23 and 24 through
which conductors 3-and 4 extend and to which
the conductors are secured. The end closures
thus serve as terminals for the eircuit to be con-
trolled. The entire switch structure including the
chamber 1 and the contacts 3 ang 7 is thus en-
closed within a fluid-tight casing formed sub-
stantially of insulating material which ecasing is
filled with an insulating liquid or gas and for
which the upper closure 23 forms an expansion
chamber, Subjecting and maintaining the insu-
lating fluid under pressure further increases the
flash-over voltages of the entire structure. \

It is desirable to control the potential distribu-
tion over the exterior surface of the casing which
result is accomplished by the arrangement of a
plurality of conductive cylinders 26 of different
lengths about the evacuated chamber 1 and with-
in the casing 18, 19. The cylinders 26 are spaced
from the chamber, from the casing and from each
other and the spaces are filled with the insulating
fluid filling the casing. The cylinders are pref-
erably embedded within insulation and thus form
condenser layers which create g uniform poten-
tial gradient over the entire surfaces of the cas-
ing,

A circuit breaker such as disclosed may be op-
eratively mounfed either in the vertical position
shown or in a horizontal position and may be
employed for either indoor or out of door use.
If desired the casing shown may be replaced by
an integral casing of insulating material and the
civcuit breaker may then serve as the teriningl
of high voltage spparatus such as 2. transformer.

Due to the construction of the casing substan-
tially of insulating material, the circuit breaker
is especially adapted for mounting upon the tanlks
of high potential apparatus such as transformers
thereby eliminating the necessity for special ter-
minal bushings for such transformers,

Although but one embodiment of the present
invention has been illustrated and described it
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will be apparent to those skilled in the art that
various changes and medifications nay be made
therein without departing from the spirit of the
invention or from the scope of the appended
claims.

The invention claimed is:

1. In combination, an cil-filed lead-in bushing
comprising a pair of hollow insulating members
with a flanged supporiing ring ix ternosed there-
between and secured thereto, and 2 vacuum switeh
within said lead-in hushing comprising an evac-
uated casing supported from said flanged suppost-
ing ring, and a pair of relatively movable contacts
within said evacuated casing and supporied there-
by, said vacuum switch also cormprising means ror
clectromagnetically operating said relatively mov-
able contacts.

2. In combination, an oil-Alled lead-in bushing
comprising a pair of hollow insui ing membars
with a flanged supporting ring in erposed there-
between and secured thereto, 2 vacuum switeh
within said lead-in bushing comprising an evac-
uated casing supported from szid flanged sup-
porting ring, and a pair of relatively movable con-
tacts within said evacuated casing and supporied
thereby, said vacuum switch also comprising
means for electromagnetically operating said rel-
atively movable contacts, and a potential distrib-
uting shield of conductive materis] supported from
said flanged supporting ring and interposed in
spaced relation between said flanged supporting
ring and said evacuated container.

3. In combination with an oil-filled lead-in
bushing comprising s pair of hollow insuiating
members with a metal supporting ring interposed
therebetween and a pair of terminal caps cover-
ing the remote ends of said insulating members,
of a vacuum switch withih said lead-in bushing
comprising a three part evacuated containey sup-
ported from said metal supporting ring in spaced
relation thereto, the middle section of said evacu~
ated container having an annular reduced por-
tion, a pair of relatively movable contact mem-
bers within said evacuated container and support-
ed from the end sections of said evacuated con-
tainer respectively, said vacuwm switech also com-
prising a switch operating winding surrounding
said annularly reduced portion.

4. In a combined circuit breaker and lead-in
bushing, a metal mounting ring, a pair of hollow
insulating members extending in opposite direc-
tions from said mounting ring and secured there-
10, & pair of bushing terminal members secured to
the remote ends of said hollow insulating mem-
bers, a body of insulating liguid within sald
hollow insulating members, an evacuated cas-
ing of insulating material immersed in said
liquid and supported from said mounting ring
in spaced relation thereto, said evacuated
casing having an annular constricted portion,
a2 bpair of relatively movable contact mern.-
bers arranged within said evacuated casing, and
electrically connected with said hushing terminal
members respectively, and a, sclenoid winding ar-
ranged in said annular constricted portion and
operable upon energization thereof to relatively
move said contact members.

5. In a combined cireuit breaker and lead-in
bushing, a flanged mounting ring of metal, a pair
of hollow insulating sleeves extending in opposite
directions from said flanged mounting ring and
secured thereto, a pair of bushing terminal mem-~
bers covering the remote ends of said insuiating
sleeves, a body of insulating liquid within said
hollow insulating sleeves, an evacuzied container
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of insulating material immersed in said liguid
and supported from said flanged mounting ring
in spaced relation thereto, a fixed contact arranged
within said evacuated container and electrically
connected to one of said bushing terminal mem-
bers, a movable contact arranged within said evac-
uated container and electrically connected to the
other of said bushing terminal members, a mag-
netic core member within said evacuated con-
tainer operatively connected to said movable con-
tact, a solenoid surrounding a portion of said evac-
uated container adjacent said magnetic core
member, and solenoid energizing conductors ex-
tending from said solenoid through said flanged
mounting ring.

6. In combination, s supporting member having
2 hole therein, a connecting member arranged co-
axially of said hole and detachably secured to said
supporting member, a pair of hollow conical
shaped insulating members extending in opposite
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directions from said connecting members and se-

cured thereto, a pair of terminal devices secured
to the remote ends of said insulating members, an

evacuated container of insulating material ar-
ranged coaxial of said conical insulating mem-
bers and secured to said connecting member, an

8¢

evacuating conduit supported by said connecfing

member and in communication with the inteérior
of said evacuated container, a body of insulating
liquid within said hollow insulating members and
completely surrounding said evacuated container,
stationary and movable contact members ar-
ranged within said evacuated container and elec-
trically connected with said terminal devices re-
spectively, solenoid means for operating said mov-
able contact, and a plurality of conductors ex-
tending from said solenoid means through said
connecting member.
JAKOB KOPELIOWITSCH.
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