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UNITED STATES

Re. 21,087

PATENT OFFICE

21,087
" VACUUM SWITCH

William K. Rankin, Lansdowne, Pa., assignor to
General Electric . Company, a corporation of

New York

Original No, 2,090,519, dated August 17, 1931,
Serial No. 712,521, February 23, 1934. Appli-
cation for reissue March 28, 1939, Serial No.

264,597
: 23 Claims.

My invention relates to vacuum circuit inter-
rupters, more particularly to high vacuum
switches for interrupting high tension power cir-
cuits, and has for its principal object the pro-

5 Vision of an improved vacuum switch of the
aforesaid type which shall have greatly increased
interrupting capacity and which shall be simple
and compact in construction and efficient and
reliable in operation. :

10 High vacuum circuit breakers capable of con-
sistent interruptions of R. M. S. currents up to
5,000 amperes at 12 to 15 kv. have heretofore
been constructed. The operation beyond this
point was unpredictable and fortuitous. The real

15 limitations on the interrupting capamty of this:

type of circuit breaker, however, were not recog-
nized prior to the present invention.

I have found that successful operation of a
high vacuum circuit interrupter depends on the
amount and pressure of ‘metallic vapor sur-
' rounding the coacting electrode or contact sur-
faces of the interrupter when the zero point of
the alternate current wave is reached. Assum-
ing that the contacts are composed of copper, the
¢ amount of copper vapor generated depends on
the R. M. S. amperes at the cathode spot and the
rapidity of motion of the cathode spot over the

_ contact surface, the maximum generation of cop-~
per vapor occurring when the cathode spot is
3o Stationary. The theory involving the formation
and maintenance of the cathode spot need not be
considered in detail for an understanding of the

+ present invention, it being sufficient to point out
that upon separation of the contacts there is lo-
calized heating and emission of electrons at one

of the contacts, depending upon the polarity
thereof at the time of contact separation, sald
localized condition or cathode spot existing on
that contact until the zero value of the alternat-
ing current wave is reached after which it re-
establishes on the other contact under favorable
conditions. The cathode spot serves to support
and maintain flow of current between the con-
tacts by reason of emission of electrons and ioni-

45 zation of metallic vapor and gas formed by heat-
ing, the emission serving to ionize by collision the
metallic vapor and gas adjacent the contacts,
which results in. bombardment of the cathode
spot, further heating thereof, and consequent
5o Beneration of more metallic vapor.
ence of metallic vapor, therefore, aids the flow
of current by reason of the ionization thereof.
On the other hand the absence of metallic vapor
around the contact surfaces at the current zero
55 8reatly reduces the possibility of re-formation of

The pres-

(CL. 200—106)

the cathode spot. Under such conditions high
tension power circuits of large amperage may be
interrupted in one-half cycle.

The dissipation of this metallic vapor can be
effected only through condensation thereof on 5
the surrounding walls. The condensation how-
ever is limited by the fact that the first few
molecular layers do not instantly dissipate their
-heat to the walls and the following metallic
molecules are consequently reflected. 10

I have furthermore found that the generation
of metallic vapor may be substantially eliminated
and the interrupting capacity of the high vacu-
um switch increased many times by moving the
cathode spot at high velocity over the contact 15
surfaces and that this movement of the cathode
spot and associated electron stream may be ef-
fected by means of a magnetic fleld.

The use of a magnetic fleld in both air and
fluid-break or oil circuit breakers for the pur- 20
pose of facilitating interruption of the arc is well
known practice. Such use of a magnetic field is
based on the fact that the resistance of the arc
may be increased by mechanically stretching
and reducing the cross sectional area of the same 25
through a dielectric or insulating material or by
forcibly moving the arc into intimate engage-
ment with a surrounding insulating medium. By
so- breaking up and increasing the resistance of
the arc within an insulating fluid as air or oil, g,

" interruption of the arc is greatly facilitated.

However in the case of vacuum switches the
use of a magnetic fleld has heretofore been con-
sidered without value, particularly in view of the
characteristic rapid wandering action of the gg
cathode spot in vacuum devices. In other words,
the cathode spot, which serves to support and
maintain flow of current between the electrodes
or contacts of a vacuum switch, inherently travels
over the contact surfaces at random and at vary- 4¢
ing speed, no speclal provision being made to
obtain this action. Furthermore the method of
breaking up and increasing the resistance of the
arc, which in the case of a vacuum switch is in
the nature of an electron discharge, by means of 46
an insulating fluid in the manner above described
is of course eliminated.

Notwithstanding the peculiar characteristics of
the vacuum switch which would indicate the use “50
of a magnetic fleld to be without value in inter- -
rupting a high tension power circuit, I have
found that a magnetic field may be utilized ad-
jacent vacuum switch contacts so as not only to
improve the interrupting characteristics of the
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switch but also greatly to 1ncrease the interrupt-
ing capacity thereof.

In accordance with my 1nvent10n the electron
stream in.the gap between the coacting contact or
electrode surfaces is subjected to a magnetic
fleld so as definitely and rapidly to move said
stream and the cathode spot about said contact or
electrode surfaces at such a rate that substantially
no metallic vapor is formed in said gap. More
particularly the cathode spot is rotated at very
high speed or spun about the contact or electrode

_ surfaces by a radial magnetic fleld during inter-

_ruption of the clrcuit in a preferred form of the

invention.
My invention will be more fully set forth in
the following. description referring, to the accom-

.panying drawings, and the features of novelty

which characterize my invention will be pointed
out with particularity in the claims annexed to
and forming a part of this specification.
Referring more particularly to the drawings,
Fig. 1 is an elevational view, partly in ‘section, of
a high vacuum switch embodying the present in-

.vention for interrupting high tension power cir-

cuits; Fig. 2 is an elevational end view of the
vacuum switch shown in Fig, 1; Fig. 3 is an ele-
vational view, partly in section, of anothier form
of ‘high vacuum switch embodying the present
invention; Fig. 4 is a plan sectional view of the
vacuum switch shown in Fig. 3; Fig. 5 is an ele-
vational view, partly in section of another form
of vacuum switch together with operating mech-
anism therefor embodying the present invention;
and Fig. 5a indicates the magnetic field between
the contacts of Pig. 5 upon separation thereof.

The vacuum switch illustrated by Figs. 1 and 2

comprises a highly evacuated casing | in which
are disposed coacting relatively movable switch
contacts 2 and 3. The operating means for the
switch contacts comprises in the present instance
a pivoted arm 4 connected as at 5 to suitable mo-
tive means and as at 6 within the evacuated cas-
ing to contact 8. The operating arm 4 extends
through and is sealed to a flexible metallic dia-
phragm T which is in turn-sealed as at 8 to the
casing | so as to form a wall portion thereof. The
pivotal mounting for the arm 4 comprises a yoke
member g which is connected to the arm 4 and
pivotally mounted at {0 on the exterior of the
casing. The pivot 10 is Iocated so that its center
line is substantially in the plane of the diaphragm

1 as indicated in Fig. 1 so as to minimize flexing °

of the diaphragm upon p1vota1 movenient of the

- . operating arm 4.

The stationary contact 2 coacting with the
movable contact 3 is connected'to and mounted
on the lower end of-a conductor stud {{. which is
mounted in and insulated with respect to a wall
of the casing { in any suitable manner.
present instance the conductor stud 11 is insulated
from the casing | by a pair of insulating collars
or sleeves {2 and 13 coacting with flanges 14 and
18 respectively which are secured at opposite ends
of the conductor stud. The sealing means for
the conductor stud comprises an insulating sleeve

16 which is sealed by means of flexible metallic

" diaphragms {T and 18 to the casing and the con-

70
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ductor stud respectively. The insulating mount-
ing and sealing means for the conductor stud i
form no part of the present invention and are de-
scribed with more particularity and claimed in
applicant’s Patent No. 1,905/751 granted April
25, 1933, for Vacuum sealing structure.

The casing § and the diaphragm 71 as illus-

In the
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trated are composed of a suitable metal for keep-
ing high vacua, the metal comprising at least

the side walls of the casing being non-magnetic.
The contacts 2 and 3 preferably are composed of a

low-resistance .material as copper which may be
readily freed of occluded gases. The switch is
mounted on an insulating support comprising in-
sulators 20 on which supporting structure 21 for
the switch casing is mounted.

For the purpose of utilizing a magnetm field
adjacent the switch contacts 2 and 3 in the man-
ner previously described, an electromagnet 22
connected in series with the circuit to be inter-
rupted is provided with pole pieces 23 located at
opposite sides of the casing I so that the contacts
2 and 3 are disposed between the same as illus-
trated. The circuit through the switch therefore
comprises the terminal and conductor stud fli,
contacts 2 and 3, flexible conductor 24 intercon-
necting the contact 3 and terminal 25 sealed
through a wall of casing I, conductor 26, electro-
magnet 22 and terminal 27. The wall portions
of the casing I|' opposite the poles of the elec-

tromagnet may be composed of a high-resistance,

non-magnetic metal so that circulating currents
in the casing are substantially limited.

Therefore upon separation of the switch con-
tacts in response to counter-clockwise rotation of
the operating arm 4 the electron discharge be-
tween the contacts for sustaining current flow is

subjected to a strong magnetic field transversely

thereof which causes shifting of the electron
stream and the cathode spot over the coacting
contact surfaces and towards. the outer tips of
the contacts at a high rate of speed. The shifting
of the electron discharge and the cathode spot
takes place at very high speeds as in vacuum tubes
so that there will be little, if any, metallic vapor
boiled from the contacts during the circuit in-
terrupting operation. The operation of the vac-
uum .switch is very fast,” the current generally
ceasing within one-half cycle of alternating cur-
rent at commercial frequencies. Furthermore,
destructive burning of the contacts is eliminated
and an extreme degree of degassing is rendered
unnecessary due to the fact that there is no deep
burning of the contacts.

A detailed description of the method of con-
structing the vacuum switch is believed to be

unnecessary other than to point out that well 5

known methods of degassing the switch structure
and obtaining high vacua may be used. All cur-
rent-carrying parts of the switch structure and
Hkewise parts exposed to heat are suitably de-
gassed and the switch casing is evacuated, pref-
erably to as high degree as can practically be ob-
tained.

Figs. 3 and 4 111ustrate a form of my invention
wherein electromagnetic means are arranged to

induce currents in the contact structure, the-

magnetic field resulting from the interaction of
the main magnetic field and that produced by the

aforesaid induced currents being in such a direc-'

tion in the gap between the contact surfaces upon
opening'of the circuit that the cathode spot is
rapidly rotated or spun about said contact sur-

faces.

Referring more particularly to the drawings, an

evacuated casing 38 has disposed therein rela- )

tively movable contact structure comprising a
stationary disk-like contact member 31, an an-
nular contact member 32 surrounding and spaced
with respect to the contact 3i, and a movable
bridging contact member 33 for mterconnectmg
the contacts 31 and 32. As best illustrated by
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Fig. 4, the contact 32 comprises a ring split as at
32’, for the purpose of minimizing induced or
eddy currents, and the bridging contact member
33 is provided with three contact portions 33’
havmg wedge-shaped contact surfaces corre-
sponding to the coacting contact surfaces of the
contacts 31 and 32,

The bridging memher 33 is provided w1th an
operating rod 34 extending through the switch
casing for connection to suitable motive means
and is sealed to the casing by means of a flexible
metallic bellows 35. The operation of the
bridging member in opening and closing the cir-
cuit between the contacts 31 and 32 is believed
to be obvious without further description.

The electromagnetic means for producing a
field as ahove described upon opening of the cir-
cuit comprises an electromagnet 36 surrounding
the contact structure exteriorly of the casing 30.
The electromagnet 36 comprises a spirally wound
conductor 317, the outer turn extending as at 38

‘to one of the vacuum switch terminals, ahd the

inner turn electrically connected in a manner
presently described to the contact 52. - The mag-

netic circuit of the electromagnet comprises a -

plurality of U-shaped members 39 composed of
suitable magnetic material as iron and arranged
radially with respect to the coil 37 and abutting
the switch casing 30 as illustrated by Fig. 4.
Insulating spacers 40 coacting with a band 41
serve to maintain the magnetic ‘members 39 in
position and to strengthen the structure.

For the purpocse of minimizing heating of the
switch casing and for directing a strong mag-
netic fleld adjacent the contact structure, the

-casing 30 is composed of two sectigns 30’ and

30’ interconnected by a band 42 composed of a
suitable non-magnetic high-resistance metal. Or
in lieu of this the entire switch casing may be
constructed of such material. The contact 32
and the inner turn of the coil 37 are electrically
connected to the wall portion 42 at opposite sides

- thereof, preferably at a low resistance point

]

especially provided for such connection. The
legs of the magnetic members 39 abut the outer

side of the wall portion 42 as -llustrated, the

switch casing being provided with slotted mag-
netic pole pieces 43 at the inner side of the wall
portion 42 and opposite the leg portions of the
electromagnets. It- will therefore be apparent
that energization of the electromagnet produces
a magnetic field within the switch casing between
the coacting pole pieces 43..

During normal operation of the vacuum- switch
the brideging member 33 is elevated to inter-
connect contacts 31 and 32 and the circuit through
the vacuum switch includes the insulated lead-in
conductor 44 which may constitute one terminal
of the switch, contacts 31, 33 and 32, the non-
magnetic wall portion 42, and  magnet coil 37.
Upon opening the circuit by -lowering of the

bridging member 33, the annular gap between -

the contact surfaces of ‘contacts 3{ and 32 is

- traversed by a magnetic field generally as indi-

[+

cated by Fig. 3. The induced currents set up in
the contact member 3i by the main magnetic
field of the electromagnet 36 in turn produce a
fleld in opposition to the magnetic field so that
the resulting fleld traverses the annular gap
throughout in a definite direction so as to dause

rapid rotation of the electron stream and cathode’

spot about the contact surfaces. This rotation

of the cathode spot, as previocusly pointed cut, is .
extremely rapid and increases the interrupting.

capacity of the vacuum switch many times. As
[ .

3

in the previous instance the circuit is generally
interrupted within one-half.cycle and there is no
noticeable burning of the contacts.

Fig. 5 illustrates another form of my invention
wherein a radial field traversing an annular gap
between the contacts is produced by electro-
magnets whose fields oppose each. other. More
particularly the vacuum swiich comprises a cas-
ing 45 within which relatively movable annular
contacts 46 and 4T are disposed. Each of the
contacts is electrically connected to a helical con-
ductor as indicated at 46’ and 471/, respectively,
the coils formed by said conductors being wound
in opposite directions so that the magnetic fields

of the respective coils are in _opposition to each

other. The upper contact 46 and associated coil
46’ are connected to and supported at the lower
end of an insulated lead-in conductor stud 48
forming one terminal of the switch. The lead-in
conductor stud 48 .is moupted and sealed with
respect to the casing 45 generally in the manner
described with reference to Fig. 1. ~ At the lower
end of the conductor stud a shield 48, generally
conical in form, is provided for the purpose of
preventing short circuiting of the insulating col-
lar 12 by a deposition of metallic particles.

The movable contact 47 and coil 41’ are car-
ried by an operating arm 50 pivotally mounted as
at 51 exteriorly of the casing and sealed to the
casing by a flexible metallic diaphragm 52 as in
Fig. 1. The movable contact structure above de-
scribed is electrically connected as by a flexible
conductor 53 to the metallic casing 45 which has
formed thereon the other terminal 54.

Upon opening cof the switch contacts 46 and 1:

41 hy ‘counter-clogkwise rotation of the oper-
ating arm 850 the cpposing fields produced by the

‘coils 46’ and 47’ produce a strong radial field

transversely of the annular gap between the con-
tacts as illustrated by Fig. 5¢ so that the elec-
tron stream and cathode spot are rotated about
the contact surfaces at great speed as in Fig. 3.
The coils 46% and 471’, which are connected in
series with’the confacts 46 and 47, and the cir-
cuit to be interrupted therefore produce a pow-
erful maghetic field which functions positively
to shift the cathode spot at very high speed caus-

ing very efficient and prompt interruption of the
circuit.

In view of the fact that the fields of the coils .

48’ and 47’ are in opposition it will be apparent
that the contacts 46 and 47 are normally biased
away from each other, the repelling force de-
pending on the current traversing the switch.
When the operating arm 50 is maintained in
closed circuit position, the resilience of the coils
46’ and 47’, which are under compression in the
closed circuit position, mamtalns the contacts in

‘proper engagement.

‘For the purpose of utlllzmg the aforesald re-
pellant force so as to cause opening of the switch
upon occurrence of a predetermined overload or
short circuit, operating and tripping mechanism
is provided responsive to such overload or short
circuit conditions. To this end  the operating
arm 50 is operatively connected to the actuating
solenoid 59 through resilient means, as a com-
pression /spring 56, a thrust- ~transmitting and
tripping toggle 571 related to the switch arm 50,
and a centrally pivoted lever 58.  In the closed
circuit posxtxon shown the switch arm 50 is main-
tained in position by the bias of spring 56 which
is in turn held in corripressed position by the
ovetset toggle 57 and latch 59 acting at the op-
posite end of the lever 58. The switch may be
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tripped through the latch 59 by means of a trip-

ping solenoid 60 actuated either by push button’

control or in response to any abnormal circuit
condition. The tripping in response to prede-
termined overload is however regulated by the
tension of spring 56 which may be adjusted in
any suitable manner. When the repellant force
at the switch contacts is sufficient to move the
switch arm 80 slightly counter-clockwise against
the bias of spring 56 the extension 50’ of the

switch arm engages the extension 51’ of one,link.

of the overset toggle 57 so as to cause buckling of
the toggle and opening of the switch by spring
61. The spring 56 obviously is stronger than
spring 61, the latter spring being merely for the
purpose of assisting in the switch opening oper-
ation. In the circuit closing operation, the actu-

ating solenoid 85 causes counter-clockwise rota-

tion of the lever 58 so as to close the switch
through the thrust-transmitting toggle 51 and
spring 96. The latch 57 is reset in its thrust-
transmitting position by release of the latch 59
which causes clockwise rotation of iever 58. The
above' described mechanism is-trip-free in opera-
tion, that is the switch cannot be held closed while
an abnormal condition obtains in the circuit. -

It should be:understood that my invention is
not limited to specific details of construction and:
arrangement thereof herein illustrated, and that
changes and modifications may occur.to one
skilled in. the ‘art ‘without departing from the
spirit of my invention. .

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A vacuum switch for interrupting high ten-
sion power circuits, comprising a highly evacu-
ated casing, relatively movable contacts substan-

-tally freed of occluded gases disposed within said
casing, operating means for said contacts, and

means for producing a magnetic field adjacent
the arc path formed by separation of said con-

Jtacts for rapidly shifting the cathode spot on
said contacts at such a rate that substantially

" mo metallic vapor is formed in said casing.

2. A vacuum switch for interrtipting high ten-
sion power circuits, comprising a highly evacuated
casing, relatively movable contacts substantially
freed of occluded gases disposed. within said cas-

ing, operating means for said contacts, and means-
for producing a magnetic field adjacent the arc
. path formed by separation

of said contacts for
rapidly and continually shifting the cathode spot
over the contact surfaces of said contacts at such

. & rate that substantially no metallic vapor is

58
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formed In said casing.

. 3. A vacuum switch for intérrupting.high ten-

sion pewer circuits, comprising a highly evacu-
-ated casing, relatively movable contacts Substan-
tially freed of occluded gases disposed within said
casing, operating means for said contacts, and
means for producing a magnetic fleld hetween
said contacts upon separation thereof for rapidly
rotating the’electron stream and cathode spot
with respect to the surfaces of said contacts at
such s rate that substantially no metallic vapor
is formed in said casing. i

4. A vacuum switch for interrupting high ten-
sion power circuits, comprising a highly evacu-

ated casing, relatively movable contacts disposed °

within said casing, operating means for said con-
tacts, and means for producing opposing magnet-
ic flelds between®said contacts upon separation
thereof for causing rapid rotation of the electron

stream and cathode spot, with respect to the con-

‘said magnetic bias

21,087 '

tact surfaces at such a rate that substantially no
metallic vapor is formed in said casing.

5. A vacuum switch for interrupting high ten-
sion power circuits, comprising a highly evacu-_

ated casing, relatively movable contacts arranged 35

to form an annular gap between the same upon
separation thereof, operating means for said con-

-tacts, and means for producing a radial magnetic

field within said gap so as to cause rapid rotation

of ‘the cathode spot ovér the contact surfaces 10

defining said gap at such a rate that substan-
tially no metallic vapor is formed in said casing.

6. A vacuum switch for interrupting high ten-
sion power circuits, comprising a highly evacu-

ated casing, relatively movable contact structure 15

disposed within said casing comprising & cen-
trally-positioned contact member, a ring-like
contact member forming with said first-named
member an annular gap, and a bridging member

- for interconnecting said contact members, oper- 20

ating means for effecting relative movement of
the bridging member with respect to said con-
tact members, and an' electro-magnet surround-
ing said casing for producing a magnetic field in

sald annular gap upon opening of the circuit so 26

as to cause rapid rotation of the electron stream
about said contact members. - a0 '
7. A vacuum switch for interrupting high- ten-

sion power circuits, comprising a highly evacu-

ated metallic casing, said casing having a wall 30

portion composed of a non-magnetic high resist-
ance metal, relatively movable contact structure
disposed within said casing arranged to form an
annular gap upon opening of the circuit, said con-

tact structure electrically connected to said wall 35

portion within said casing, operating means for
said contact structure, and an electromagnet ex-
teriorly of said casing and adjacent said wall
portion for producing a magnetic field between

the coacting contact surfaces of said contact ¢

structure, said. electromagnet electrically con-

nected to said wall portion exteriorly of said

casing. ’ S
8. A vacuum switch for interrupting high ten-

slon power circuits, comprising a highly evacu- ¢s

ated casing, relatively movable contacts disposed
within said casing, said confacts electrically con-
nected to helical conductors atranged so that the
magnetic field produced thereby during normal

operation of the switch tends to bias said contacts 50

apart, operating means for said contacts includ-

. Ing a contact operating member, resilient means

opposing sald magnetic bias, and tripping means
interconnecting said member and said resilient

means arranged to release said resilient means 55

and permit opening of the switch contacts when
; exceeds & predetermined mag-

nitude. :
9. The combination with an electric switch hav-

ing contacts normally biased towards open cir- gg
cult position-by the magnetic forces of the cir-

cuit to be interrupted, of operating and tripping’
means for said switch comprising a spring for

‘maintaining . said contacts closed against said
magnetic bias,, and tripping means operatively g5

connected to said contacts for causing release of
said spring and bpening of said contacts when’
said magn\atic bias exceeds a predetermined mag-
nitude. - .

10. The combination with an electric switch g

' comprising relatively movable contacts normally

biased towards open circuit position by the mag-
netic forces of the circuit to be interrupted, of
operating means for said contacts comprising’ an, . .
actuating- member, a spring connected to said 7g



10

15

20

L

3
wt

40

45

50

55

80

21,087

member for- maintaining sald contacts in en-
gagement against the bias of said magnetic

forces, motive means, means operatively intercon- -

necting said motive means and said spring in-
cluding a tripping toggle, separate tripping means
operatively connected to said interconnecting
means, and a spring connected to said actuating

‘member for biasing said contacts towards open

circuit position, said tripping toggle and actuat-
ing member being operatively connected so that
sald first-named spring is released when the
magnetic bias on said contacts exceeds a pre-
determined magnitude thereby causing separa-
tion of said contacts.

11. A vacuum switch for mterruptmg high ten-
sion power circuits comprising an evacuated cas-
ing, relatively movable contacts disposed within
said casing, electromagnetic means connected in
series with said contacts arranged to induce cur-
rents in one of said contacts upon opening of
the circuit, the resulting magnetic field adjacent
said contacts causing rapid rotation of the cath-
ode spot on said contacts at such a rate that sub-
stantially no metallic vapor is formed in said
casing, and operating means for effecting relative
movement of said contacts.

12, A vacuum switch for interrupting high ten-
slon power circuits comprising an evacuated cas-
ing, relatively movable contacts disposed within
said casing arranged to form a substantially an-
nular gap upon separation thereof, electromag-
netic means arranged to induce currents in one
of said contacts upon opening of the circuit, the
resulting magnetic fleld within said annular gap
causing rapid and definite rotation of the cath-
ode spot on the coacting contact surfaces at such
a rate that substantially no metallic vapor is
formed in said casing, and operating means for
effecting relative movement of said contacts.

13. A vacuum switch for interrupting high ten-
sion power circuits comprising an evacuated cas-
ing, relatively movable contact structure disposed
within said casing, electromagnetic means con-
nected in series with said contact structure for
producing a magnetic field in the gap between
the coacting contact surfaces upon separation
thereof, said magnetic field causing rapid and
definite movement of the cathode spot on said
contact surfaces at such a rate that substantially
no metallic vapor is formed in said gap, and op-~
erating means for said contact structure. .

14. A vacuum circuit interrupter for high ten-
sion, alternating current power circuits compris-

ing a highly evacuated casing, coacting electrodes .

substantially freed of occluded gases disposed
within said casing, said electrodes being sepa-
rated by a gap upon opening of the circuit, and
means for applying a magnetic field at said gap
for rapidly moving the cathode spot formed on
said electrodes at such a rate that substantially
no metallic vapor is formed in said arc gap.

15. In a device of the class described, the com-

" bination of two contacts one of which is movable

65
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to engage and disengage the other and is biased
for disengaging movement, means hdditional to
the said contacts for normally resisting the bias
of the movable contact and for retaining the said
contact in engaging position which retaining
means is normally dependent for its effectiveness
upon the avoidance of & predetermined change in
the pressure between the contacts, and means
acting directly on one of the contacts independ-
ently of the retaining means to effect the said
predetermined change in the contact pressure
and to thereby cause the retaining means to re-

5

lease the movablé cb‘nta.ct for .automatic disen-
gaging movement.
16. The combination in g circuit brea,king de-

_vice of the class described, of two contacts one of

which is movable to engage and disengage the
other and is biased for disengaging movement,
means additional to the said contacts for nor-
mally resisting the bias of the movable contact
and for retaining the said contact in engaging
position which retaining means is normally de-
pendent for its effectiveness upon the contact
pressure, and means acting independently of the
retaining means to reduce the contact pressure
and to thereby cause the retalning means to re-
lease the movable contact for automatic disen-
gaging movement.
17. In an automatic circuit breaker, the com-
bination of two contacts one of which is movable

to engage and disengage the other and is biased’

for disengaging movement, means additional to
the said contacts for normally resisting the bias
of the movable contact and for retaining the said
contact in engaging. position which retaining

1means is normally dependent for its effectiveness
. upon the avoidance of a predetermined change in

the pressure between the contacts, and an elec-
tro-responsive means operable upon the attain-
ment of a predetermined abnormal current condi-
tion in the circuit and acting directly on one of
the contacts independently of the retaining
means to effect the said predetermined change in
the contact pressure and to thereby cause the re-
taining means to release the movable contact for
automatic disengaging movement.

18. In an automatic circuit breaker, the com-
bination of two contacts one of which is movable
to engage and disengage the other and is biased
for disengaging movement, means additional to
the said contacts for normally resisting the bias
of the movable contact and for retaining the said
contact in engaging position which retaining
means is normally dependent for its effectiveness
upon the avoidance of a predetermined change in
the pressure between the contacts, and an electro-
magnet arranged to be actuated upon the attain-

. ment of a predetermined abnormal current con-

dition in the circuit and upon being so actuated
serving independently of the retaining means to
effect the said predetermined change in the con-
tact pressure and to thereby cause the retaining
means to release the movable contact for auto-
matic disengaging movement.

19. The combination in an automatic circuit
breaker, of two contacts one of which is movable
to engage and disengage the other and is biased
for disengaging movement, means additional to
the said contacts for normally resisting the bias
of the movable contact and for retaining the said
contact. in engaging position which retaining
means is normally dependent for-its effectiveness

. upon the contact pressure, and an electro-re-

sponsive means operable upon the attainment of
a predetermined abnormal current condition in
the circuit and acting. independently of the re-
taining means to reduce the contact pressure and
to. thereby cause the retaining means to release

" the movable contact for automatic disengaging

movement.

20. The combination in an automatic circuit
bréaker, of cooperating movable and substantially
stationary cooperating contacts of which the lat-
ter is resilienfly mounted so-as to yield as pressure
is applied to effect normal contact engagement,

-means biasing the movable contact for disen-

gaging movement, means additional to the sald
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contacts for normally retaining the movable con-
tact in contact engaging position which means
is normally dependent for its effectiveness upon
contact pressure resulting from the said resilient
contact mounting and is released to permit auto-
matic gaging movement of the movable

‘contact. when the contact pressure is sufficiently

reduced, and an electro-magnet arranged to be

" energized upon the attainment of excess current
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conditions in the circuit and upon being so ener-
gized acting independently of the retaining means
to tend to relatively move the substantially sta-
tionary contact so"as to reduce the contact pres-
sure and thereby release the Jetaining means,
21, A vacuum alternating’ current arc inter-
rupter comprising a highly evacuated casing, co-
operating electrodes substantially freed of oc-

" cluded gases disposed within said casing, said

electrodes when spaced defining a gap which may
be bridged by an arc, and means for applying a

- magnetic field at said gap for rapidly moving

the cathode spot formed on said electrodes at
such a rate that substantially no metallic vapor
is formed in said arc gap.

21,087

22. A vacuum device adapted to interrupt high

- tensfon alternating current power arcs compris--

ing a highly evacuated casing, cooperating elec-
trodes substantially freed of occluded gases dis-
posed within said casing, said €lectrodes when
spaced forming a gap for amn arc within said
highly evacuated casing, and means for apply-
ing a magnetic fleld at said gap for rapidly mov-
ing the cathode spot formed on said electrodes
at such a rate that substantially no metallic vapor
is formed in said arc gap. )

.23. A vacuum device adapted to interrupt high
tension alternating current power arcs compris-
ing a highly evacuated casing, a pair of electrodes
substantially freed of occluded gases disposed
within sald casing, said electrodes being con-
nected to opposite terminals of said device and
arranged to form a gap for an arc within said
highly evacuated casing, and means for apply-
ing a magnetic field at sald gap for rapidly mov-
Ing the cathode spot formed on said electrodes at
such a rate that substantially no metallic vapor
is formed in said arc gap. :
’ K. RANKIN.
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