July 25, 1961 S. T. YANAGISAWA 2,993,970
. VACUUM SWITCH STRUCTURE USING SYLPHON AND SLOTTED DIAPHRAGM
Filed May 23, 1958

2y 2

&S
7

= JMAMMkoﬂ
= ,%M c‘T %mjﬁomm_
= Ay b, £ B K,

J%”LM%



United States Patent Office

2,993,970
Patented July 25, 1961

1
) 2,993,970
VACUUM SWITCH STRUCTURE USING SYLPHON
AND SLOTTED DIAPHRAGM

Samuel T. Yanagisawa, Westport, Conn., assignor to
Allis-Chalmers Manufacturing Company, Milwaukee,

Wis.,
Filed May 23, 1958, Ser. No. 737,415
3 Claims. (CL 200-—144)

This invention relates to electric switches and more
particularly to a new and improved vacunm switch em-
ploying contact controlling means for réstraining axial
movement and substantially eliminatifig lateral move-
ment of a- movable contact and’ for providing- a fixed elec-
trical- connection between the movable: contact and its
cooperating terminal member, if so desired:

Heretofore vacuum switches employed a plurality of
sliding members for controlling the axial and lateral
movements of the movable contacts and for providing
electrical connections to teriminal members. These slid-
g members not only are costly to manufacture but
make the vacuum switch highly susceptible to shock and
vibration and-provide only random: electrical connections
between the movable contacts and their cooperating
terminal membeérs. ‘

In accordance with' the invention claimed a new and
improved electiic swit¢h is provided coniprising in com-
bination a vacuumized envelope, a pair of relatively mov-
able cooperating contacts mounted within the envelope
and a metallic shielding tube mounted to extend within
the envelope and around at least a part of one of the con-
tacts. The shielding tube is arranged in gas tight engage-
ment with the envelope. A diaphragm stch as a flexible
disklike bellows is' fixedly attached in gas tight erigage-
ment along its outer periphery to the inside surface of
the shielding tube. This diaphragm is provided with an
aperture extending therethrough and a movable contact
of the switch is arranged to extend through the aperture
with the periphery of the aperture being fixedly attached
in- gas tight engagement to the movable contact. Guid-
ing-means such as a disklike diaphragm is fixedly mounted
within the tube and around and connected to the movable
contact to prevent substantial lateral movement of the
movable contact during a switch opening and closing
operation.

It is, therefore, one object of this invention to provide
a new and improved electric switch.

Another object of this invention is to provide a vacuum
switch' il which a movable contact is restrained in its
axial moveément and prevented from substantial Iateral
movement,

A further object of this invention is to provide a new
and improved vacuum switch in which relatively station-
ary contact guiding means are arranged within the switch
but outside of the vacuumized envelope.

A still further object of this invention is to provide
a new and improved nonsliding guiding means which
may form a fixed electrical connection between a mov-
able contact and its terminal connection and which re-
strains axial movement and substantially prevents lateral
movement of the movable contact.

Objects and advantages other than those set forth will
be apparent from the following description when read
in connection with the accompanying drawing, in which:

FIG. 1 is an elevational view in axial section of a
vacuum switch embodying the invention;

FIG. 2 is a partial sectional view of the vacuum switch
illustrated in FIG. 1 taken along the line II—II; and

FIG. 3 is a partial elevational view partly in axial sec-
tion of a modification of the structure illustrated in
FIG, 1.

Referring more particularly to the drawing by char-
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acters of reference, FIG. 1 illustrates an electric switch
5 comprising a cylindrical envelope 6 which may bé
formed, for example, of a suitable vitreous material.
One end of envelope 6 is provided with an annular rim
7 to which is fixedly secured in gas tight connection there-
to one end of a ring or flange 8. A re-entrant metallic
cup 9 is sealed throughout its edge to the other end of
flange 8 in the manner shown in FIG. 1.

Base 10 of cup 9 supports a contact mounting or bush-
ing 11 which is sealed in fluid tight engagement there-
with and to which is secured one end of a fixed contact
12, Contact 12 js arranged to extend along the longitu:
dinal axis of envelope 6 and is substantially rigidly sup-
ported so as to restrict longitudinal or lateral movement
thereof. Cup 9 may support a tubular venting passage
13 through which envelope 6 is evicuated and sealed off
in the usval way.

The opposite end of envelope 6 is provided with an
integral re-entrant portion 14 to which is sealed in fluid
tight engagement one end of an inwardly extending collar
15. The other end of collar 15 is of reduced diameter
and is sealed circumferentially in gas tight eéngagement to
a tubular contact enveloping vapor shield 16, Shicld 16
extends coaxially within envelope 6 with its inner end
portion 17 terminating beyond the. free or contact en-
gaging end of stationary contact 12. A second contact
18 suitably attached to and movable by a contact actu-
ating mechanism (not shown) extends into shield 16
and envelope 6 coaxially therewith and terminates ad-
jacent the contact engaging surface of contact 12. Thg
relatively movable arcing contacts 12 and 18 may be
made of any suitable material sach ag tungsten or tung-
sten alloys. Shield 16 may be formed of any suitable
metal as, for example, copper.

Contact 18 is movable longitudinally & limited pre-
determined distance to make and break electric connec-
tion with contact 12 while being restrained from lateral
displacement. To accomplish this contact 18 is sup-
ported within shield 16 by a diaphragm or annular disk
like bellows 19. Bellows 19 is provided with an aper-
ture 21 extending through the center thereof through
which the movable contact 18 projects. In order
to maintain a vacuuwm condition within envelope 6
bellows 19 is joined along its outer periphéry by a gas
tight seal to the inner wall of shield 16 and along the
periphery of its aperture 21 in gas tight engagement with
contact 18. Due to its convoluted shape bellows 19 de-
flects allowing restricted longitudinal movement of con-
tact 18. Bellows 19 to retain a vacuwm in envelopé 6
should be of a suitable nonporous material such as, for
example, bronze.

Since normal atmospheric pressure tends to expand
the bellows into envelope 6, the atmospheric pressure
may be utilized to hold the contacts together in a normal-
ly circuit closed position and to speedily close the gap
between them upon release of means arranged externally
to releasably hold movable contact 18 in circuit open
position. The required range of movement of the mov-
able contact is relatively very small. For example,
the contacts need be separated only about 3¢ of an inch
to interrupt satisfactorily an alternating current power
circuit fault of 1000 amperes at a potential of 15,000
volts,

In order to substantially prohibit lateral movement of
the movable contact 18, a slotted diaphragm 20 is fixedly
secured within and to shield 16 and encircles and is fixed-
ly secured to the movable contact 18 outside of the
vacuumized part of eavelope 6. FIG. 2 illustrates a plan
view of diaphragm 20 showing in cross section contact
18. Slots 22 in diaphragm 20 reduce its mass and in-
crease its flexibility as well as equalize the atmospheric
pressure on both sides thereof,
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In accordance with the invention claimed diaphragm
20 and bellows 19 control the axial and lateral move-
ment of the movable arcing contact 18. Both the bel-
lows 19 and diaphragm 290 are flexible enough to allow
the movable contact to travel axially the predetermined
distance required to open and close the electric circuit.
Slots 22 in diaphragm 26 render it flexible without de-
stroying the rigidity necessary to prevent lateral move-
ment of contact 18 during axial movement thereof.
. FIG. 3 illustrates a modification of the structure shown
in FIG. 1 wherein a second diaphragm 23, similar in size
and shape to diaphragm 20 and secured to tube 16 and
contact 18 in the same manner, is used as a further aid to
support contact 18. The combination of diaphragm 23
with bellows 19 and diaphragm 20 restricts axial move-
ment of contact 18 and substantially prevents all lateral
movement thereof.

Although only two embodiments of the present inven-
tion have been illustrated and described, it will be ap-
parent to those skilled in the art that various changes
and modifications may be made therein without depart-
ing from the spirit of the invention or from the scope of
the appended claims.

What is claimed is:

1. An electric switch comprising in combination an
envelope at least a part of which is vacuumized, a pair
of relatively movable arcing contacts both mounted to
extend within the vacuumized part of said envelope, one
of said contacts being movable through said envelope, a
tube mounted entirely within said envelope and arranged
to extend within the vacuumized part of said envelope,
said tube being in gas tight engagement with said en-
velope, a disklike bellows fixedly attached in gas tight
engagement along its outer periphery to the inside sur-
face of said tube, said bellows being arranged within said
tube between the ends thereof and being provided with
an aperture extending therethrough, said movable contact
being arranged to extend through said aperture, said bel-
lows being fixedly attached in gas tight engagement along
the periphery of said aperture to said movable contact,
and means comprising a diaphragm mounted within said
tube and around said movable contact and fixedly at-
tached to said tube and said movable contact for provid-
ing together with said bellows limited lateral movement
of said movable contact, said diaphragm being provided
with a plurality of apertures for providing atmospheric
pressure adjacent said bellows.

" 2. An electric switch comprising in combination an
envelope at least a part of which is vacuumized, a pair
of relatively movable arcing contacts both mounted to
extend within the vacuumized part of said envelope, one
of said contacts being movable through said envelope, a
metallic tube mounted entirely within said envelope and
arranged to extend within the vacuumized part of said
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envelope, said tube being in gas tight engagement with
said envelope, a disklike bellows fixedly attached in
gas tight engagement along its outer periphery to the in-
side surface of said tube, said bellows being provided with
an aperture extending therethrough, said movable con-
tact being arranged to extend through said aperture, said
bellows being fixedly attached in gas tight engagement
along the periphery of said aperture to said movable con-

. tact, and means comprising a conductive diaphragm

10

25

30

35

40

50

mounted within said tube and around said movable con-
tact and fixedly attached to said tube and said movable
contact for providing a relatively fixed electrical connec-
tion between said movable contact and said tube and to-
gether with said bellows limited lateral movement of said
movable contact, said diaphragm being provided with a
plurality of apertures for providing atmospheric pressure
adjacent said bellows.

3. An electric switch comprising in combination an
envelope at least a part of which is vacuumized, a pair
of relatively movable arcing contacts both mounted to
extend within the vacuumized part of said envelope, one
of said contacts being movable through said envelope,
a tube. mounted entirely within said envelope and ar-
ranged to extend within the vacuumized part of said
envelope, said tube being in gas tight engagement with
said envelope, a bellows fixedly attached in gas tight en-
gagement along its outer periphery to the inside surface
of said tube, said bellows being arranged within said
tube between the ends thereof and being provided with an
aperture extending therethrough, said movable contact
being arranged to extend through said aperture, said bel-
lows being fixedly attached in gas tight engagement along
the periphery of said- aperture to said movable contact,
and means comprising a pair of spaced apertured dia-
phragms mounted within said tube and around said mov-
able contact and fixedly attached to said tube and said
movable contact for providing together with said bellows
limited lateral movement of said movable contact, the
apertures of at least one of said diaphragms providing
atmospheric pressure adjacent said bellows.
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