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My invention relates to vacuum switches and has for its object the provision of an improved 
high vacuum switch which shall be simple and 
rugged in construction and positive and efficient 5 in operation. 
My invention will be more fully set forth in 

the following description referring to the accom 
panying drawing, 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 to the drawing, Fig. 1 is a partly dia 
grammatic illustration, partially in section, of 
a vacuum Switching arrangement embodying my 
invention; Fig. 2 is a similar view illustrating an 
other form of my invention; and Fig. 3 illustrates 
another form my invention may take. 
The vacuum switching arrangement illustrated 

in Fig. 1 Comprises Switch contact structure gen 
20 erally indicated at 1 mounted, as will be herein 

after described, in the highly evacuated casing or 
envelope 2. The envelope 2 is preferably of in 
sulating material, as glass for example, and is 
provided with lateral extensions 3 and 4 in which 
the lead conductors for the contacts 5 and 6 are 
sealed in any suitable manner. The contacts 5 and 6, which are arranged to be bridged by the 
relatively, movable contact 7' in the closed cir 
cuit position, are mounted on flexible lead con 
ductors 7 and 8 respectively and are provided with 
curved contacting surfaces as spherical portions. 
The relatively movable bridging contact 7' is 

likewise provided with a curved or spherical con 
tact Surface coacting with the contacts 5 and 6 
So that when the contact 7' is biased into and out 
of contact engagement, a combined rolling and 
wiping action results at the contact surfaces by 
reason of the flexing of contact supports 7 and 8. 
For the purpose of effecting relative movement 

of the contacts, the contact 7' is provided with an 
operating rod 9 extending laterally into exten 
sions 10 and 11 formed in the envelope 2. Actu 
ating means for the rod 9 preferably comprises 
a pair of electromagnets 12 and 13 disposed at 
the ends and exteriorly of extensions 10 and 11 
respectively, the magnets being inductively re 
lated to a pair. of closed short-circuited rings 14 
and 15 suitably carried at the opposite ends of 
the operating rod 9 and disposed within the ex 
tensions 10 and 11 respectively. The relation be 
tween a magnet and its corresponding short-cir 
cuited coil or ring is such that energization of 
the magnet, as by an alternating current, causes 
repulsion of the ring by reason of the induced 

5 currents generated therein. That is, the magnet 
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produces an inductive reaction repelling the ring. 
The extensions 10 and 11 are each provided with 
a reentrant portion 16 and 17 respectively Serv 
ing not only as positioning and guiding means 
for the short-circuited rings, but also for receiv- 60 ing the middle leg of the corresponding E-shaped 
magnet so that the short-circuited coil is, prior 
to actuation, wholly within thie field of the magnet. 
In order to absorb the force of the circuit open- 65 

ing movement, which is generally effected quick 
ly and with minimum delay, the reentrant por 
tion 17 may be provided with suitable buffer 
means as a spring 18 for checking without shock 
opening of the contact 7'. The closing movement 70 
may be checked by the resilient supports of the contacts 5 and 6. 
By way of, example, there are illustrated con 

trol circuits for actuating the vacuum switch 
in the usual manner. For the purpose of open 
ing and closing the Switch a control source 9 
is arranged to be connected to the energizing 
coils 20 and 21 of the magnets 12 and 13 respec 
tively, the coil 20 being energized through an 
opening switch 22 and the coil 21 through a suit 
able closing switch 23. For tripping or opening 
the vacuum switch upon Occurrence of an Over 
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80 
load or short circuit, a current transformer 24 
connected in the main circuit is arranged to actu 
ate in a well-known manner the relay 25 so as 85 
to energize the opening coil 20' through the con trol source 9. 
The operation of the arrangement shown in 

Fig. 1 is believed to be obvious from the above description. When the bridging contact 7' is 
moved into engagement with the contacts 5 and 
6 due to energization of coil 21 and consequent 
repulsion of the short-circuiting ring 15, the Sup 
porting means for the contacts 5 and 6 are 
flexed to a certain extent with the result that gas 
a rolling and wiping action between the contact 
faces insures good contact engagement. When 
the Switch is opened due to energization of coil 
20 and the consequent repulsion of ring 14 the 
consequent combined rolling and wiping action 
between the contact faces results in causing pos 
itive separation of the contact surfaces in the 
event that small particles are "frozen' or stuck 
together due to the welding action of heavy cur 
rents. Furthermore, the fSudden inductive re 
pulsion of the short-circuited ring 14 exerts a 
percussive-like force tending to separate the con 
tact surfaces and break any frozen portions. 
The construction shown in Fig. 1 is preferably 

Such that all the parts within the switch en- 0 
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velope may be freed of Occluded gases and other 
objectionable impurities without difficulty. For 
example, the short-circuited rings 14 and 15, as 
well as the Supporting means therefor and the 
operating rod 9, are preferably of material which 
may be effectively degassed as by heating with 
induced currents. The short-circuited rings may 
be of copper or nickel, which for example are 
much more easily degassed than iron, or they 
may be composed of a refractory metal as tung 
sten or molybdenum, although in the latter in 
stance the materials have more resistance to 
induced currents. The vacuum switch envelope 
and enclosed elements are thoroughly freed of 
Occluded gases, as by Well-known baking-Out 
processes, so that, Once attained, a high Vacuum 
may be maintained within the envelope notwith 
standing heating of the contacts and other parts 
by the current. The degree of evacuation is 
preferably as high as can be practically attained 
and may be of the Order of 1/100 of a micron. 

It Will be apparent that, if desired, one of the 
actuating magnets may be dispensed with and 
Suitable biasing means, as a Spring for example, 
Substituted So as continually to bias the movable 
contact in One direction. In this arrangement 
the single magnet overcomes the bias of the 
Spring or other means in operating the movable 
contact. w 

In the form of my invention shown in Fig. 2, 
the Switch envelope 2 is generally similar to that 
shown in Fig. I with the exception that but one 
of the contacts need be flexibly mounted within 
the envelope. In the present arrangement, a 
pair of contacts are employed including a fixed 
contact 26, suitably sealed through the extension 
3 in the envelope, coacting with a movable con 
tact 27. The contact 27 is mounted for limited 
pivotal movement, as by the resilient strip 28 
sealed through the extension 4, engagement of 
the curved or spherical surfaces of the contacts 
26 and 27 resulting in a combined rolling and 
wiping action as in the preceding instance. The 
operating means for the contact 27 may also 
comprise a pair of magnets 12 and 13 energized 
by the closing and opening coils 20 and 21 re 
spectively. The short-circuited rings 14 and 15 
are suitably connected to an operating rod 
29 which is provided with a loop or ring 30 within 
which a supporting portion 27 of the contact 
27 is positioned. As shown, there is provided a 
lost motion connection between the operating 
rod 29 and the contact 27 arranged. So that initial 
movement and momentum of the corresponding 
short-circuited ring are attained before engage 
ment with the movable contact 27. This results 
in a percussive or hammer-like blow being de 
livered to the movable contact so that the con 
tact surfaces may be readily separated if any 
“freezing' should occur. Furthermore, due to 
the resilient Supporting strip 28 the contact Sur 
faces are subjected to a prying action due to the 
lever action of the movable contact and are 
readily separated. The curvature of the resilient 
strip 28, due to the bias of the operating rod 29, 
also results in a combined rolling and wiping 
action of the contact surfaces positively freeing 
the same. The operation of the contact actuating rod 29 
is Substantially the same as described in connec 
tion with Fig. 1, the envelope 2 being suitably 
provided, as at the reentrant portions 16 and 
17, with suitable buffer structure 18. Energiza 
tion of the closing coil 20 causes repulsion of the 
ring 14 with the result that the contact portion 
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27' is engaged by the loop 30 pivoting the contact 
27 about its resilient support into engagement 
With the coacting contact 26. As above indi 
cated, the resilient nature of the contact sup 
port 28 permits continued movement of the actu 
ating rod 29 to a certain extent after actual 
engagement of the coacting contact faces. This 
continued movement, as in the case of Fig. 1 pro 
duces a combined rolling and wiping action of 
the contact faces. Opening of the switch is ef 
fected by energization of the opening coil 21 in 
any Suitable manner causing repulsion of the 
ring 15 and corresponding movement of the 
actuating rod 29. Due to the lost motion con 
nection at the loop 30, the contact support 27’ 
is sharply struck after initial movement of the 
actuating rod, tending to free the contact sur 
faces. If the sticking persists, however, continued 
movement of the rod 29 causes flexing of the 
Support 28 and consequent rotation of the con 
tact 27 about its own contact face. Due to the 
Strong lever action any frozen particles are read 
ily broken by the aforesaid prying action. 

In Fig. 3 there is illustrated a vacuum switch 
generally Similar in So far as the contact struc 
ture is concerned to that illustrated in Fig. 2. In 
this case the Switch envelope 2 is provided with 
an extension 31 housing an actuating electro 
magnet 32 energized as by leads 33 sealed through 
the Wall of the envelope. The magnet 32, how 
ever, may be positioned exteriorly of the glass 
envelope 2 for the purpose of simplifying the 
degassing operation of the switch. Coacting with 
the magnet 32 is an armature 34 resiliently 
mounted, as by a Spring 35, with respect to the 
SWitch envelope wall. The spring 35 as well as 
the resilient support 28 of the contact 27 may 
be suitably sealed through the wall of the switch 
envelope as indicated. For the purpose of ac 
tuating the contact 27 the armature 34 is pro 
vided with a hook or loop member 36 providing 
a lost motion connection between the armature 
34 and the contact 27 of the character above de 
Scribed. The closing magnet 32 when energized 
attracts the armature 34, causing movement of 
the contact 27 by the hook or loop 36 to closed 
circuit position. This operation may be substan 
tially the same as that described, the resilient 
Support 28 flexing So as to produce a combined 
rolling and wiping action of the contact sur 
faces. Opening of the switch is effected by de 
energization of the magnet 32. The armature 34, 
which is normally biased to the position shown in 
Fig. 3 by its Supporting spring 35, flies back and 
sharply strikes the contact support 27’’ freeing 
the contacts and causing opening of the circuit. 
AS in the previous instance the momentum of 
the armature 34 results not only in a percussive 
blow tending to free the contact surfaces but 
also in a prying action at the contact surfaces 
by rotation of the contact 27 about its contact 
face. 

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 comprising an evacuated 

envelope, relatively movable contacts having co 
acting spherical contact surfaces within said 
envelope, one of said contacts having a Spring 
mounting, a member having a lost motion 
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connection with the aforesaid contact, and electromagnetic operating means for actuating 
said member so that said spring mounting is 
flexed by said member in the closed circuit po 
sition, said lost motion connection causing Said 
member in moving to the open circuit position o 
impart a hammer blow to said spring mounted 
contact to effect a combined rolling and wiping 
movement between said spherical contact sur faces. 

2. A vacuum Switch comprising a highly evacu 
ated envelope, coacting contacts mounted for 
relative movement within said envelope, an ac 
tuating member within said envelope for one of 
said contacts including a rod, short-circuited con 
ducting rings carried at Opposite ends of said 
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rod, and electromagnetic means at opposite ends 
of said envelope and exteriorly thereof inductive 
ly related to each of said rings selectively ener 
gized to cause engagement and disengagement of said contacts. 

3. A high vacuum switch comprising an evac 
uated envelope, contacts mounted for relative 
movement within said envelope, One of said con 
tacts mounted on a spring within said envelope, 
an operating member having a lost motion con 
nection with said contact arranged so that upon 
engagement of said contacts further closing 
movement of said operating member effects flex 
ing of said spring and relative movement of the 
contact surfaces and upon disengagement initial 
movement of said operating member is acquired 
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for imparting a hammer blow to said spring 
mounted contact prior to separation of said con tacts. 
4. A vacuum Switch comprising an evacuated 

envelope, coacting stationary and movable con 
tacts mounted within said envelope, a spring 
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member on which the movable contact is mount ed, an armature having a lost motion connection 
with said movable contact, means resiliently mounting said armature, and electromagnetic 
means coacting with said armature, ener 
gization of said electromagnetic means attract 
ing said armature against the bias of its 
resilient mounting causing engagement of said 
contacts, de-energization of said electromagnetic 
means releasing said armature so at it imparts 
a hammer blow to said movable contact by rea 
son of said lost motion connection freeing and separating said contacts. 

5. A vacuum switch comprising an evacuated 
envelope, coacting contacts mounted for relative 
movement within said envelope, a contact actu 
ating member within said envelope including a 
short-circuited conducting ring, and an electro 
magnet disposed exteriorly of said envelope in 
ductively related to said ring, said ring and con 
tacts being operatively connected through a lost 
motion connection arranged so that said ring 
upon actuation by said electromagnet imparts a 
hammer-like blow to effect contact opening move ment. 

6. A vacuum switch comprising an evacuated 
envelope, coacting contacts mounted for rela 
tive movement within said envelope, actuating 
means within said envelope operatively connected 
to said contacts including a short-circuited ring 
composed of a low-resistance, easily-degassed 
metal such as copper or nickel, and electromag 
netic means disposed exteriorly of said envelope 
inductively related to said ring for actuating the 
same and effecting relative movemept of said contacts. 

DAVO C. PRINCE. 
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