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1 Claim. (C. 200-87) 
The present invention relates in general to electrical 

switching apparatus and, in particular, to a magnetic 
switch or relay. 
The present invention relates to an enclosed type of 

switch which is provided with a pair of spaced electrical 
terminals which, when the switch is energized, are bridged 
by a quantity of conducting particles to complete the cir 
cuit through the switch. A disadvantage of prior art 
switches of the described type resides in the fact that the 
time required to discontinue the flow of current through 
the switch or relay is relatively long due to the fact that 
time is required for the particles which bridge the gap 
to be removed therefrom as a resuit of the removali of a 
magnetic field which originally caused the particles to 
bridge the gap. 

In view of the foregoing, it is an object of the present 
invention to provide a switch or relay of the described 
type which eliminates the disadvantages of prior art 
switches of this type. 

it is another object of the present invention to provide a 
switch or relay of the described type in which there is a 
substantially sharp and instantaneous discontinuance of 
current flow therethrough when the magnetic field which 
causes the particles to bridge the gap is discontinued or 
removed. 
Another object of the present invention is to provide a 

switch or relay of the described type which is highly 
efficient in operation and which nevertheleSS can be man 
ufactured aind sold at a relatively low cost. 
A further object of the present invention is to provide a 

switch or relay of the described type which will have a 
relatively long iife and which has no moving parts, other 
than the conducting particles. 

Other and further objects and advantages of the present 
invention will be readily apparent to one skilled in the art 
from a consideration of the foi?owing specification taken 
in connection with the appended drawing. 

In the drawing which iliustrates the best mode presently 
cortemplated for carrying out the invention: 
FIGURE, 1 is a iongitudinal sectional view taken 

through a switch or relay pursuant to the present inven 
tion with the switch being shown in the i open or de-ener 
gized condition thereof; 
FEGURE, 2 is a viewy similar to FIGURE 1 and illus 

trates the switch or relay in the energized or current con 
ducting condition thereof; 
FIGURE 3 is a view similar to FÍGURE, 1 aindi ilius 

trates another embodiment; 
FIGURE 4 is a sectional view taken on the line 4—4 of 

FIGURE 1; 
FIGURE 5 is a sectional view taken on the liine 5-5 of 

FIGURE 2; and 
FEGURE 6 is a sectional view taken on the line K-6 of 

FIGURE 3. 
Referring now to FIGURES 1, 2, 4 and 5 of the draw 

ings in detail, there is shown a magnetic Switch or relay 
16 pursuant to the present invention. As here shown, the 
relay 10 comprises a cylindrical hollow housing or coil 
bobbin 12 which is formed of a suitable insulating ma 
terial, preferably a suitabile ceramic, and is provided with 
the end fianges 44-14. A field coil 5 is wound about 
the bobbin #2, being retained within the end fanges í4 
thereof and being provided with the leads 8-58. At 
each end thereof, the bobbin, 2 is provided with a cut 
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2 
away portioin which defines a seat 20. An insert or pluig 
22 is seated or inserted in each of the Seats 29. The in 
serts 22 are formed of a suitable material, preferably a 
suitable ceramic or insulating material and each has 
mounted therein, as here shown, a conductor or lead 24. 
The leads 24 may be formed of any suitable material, 
Such as for example, the material known as “Kovar.” 
While in the present embodiment one lead 24 is shown 
inserted in each of the end plugs 22, it will be understood 
that it is within the scope of the present invention to pro 
vide a plurality of leads in each of the plugs 22 when it is 
desired to provide a multiple pole switch relay in lieu of a 
single pole Switch or relay as shown in the drawings. It 
is also within the scope of the present invertion to provide 
a Kovar ring about the circumference of each of the 
plugs 22. Further in this connection, the switch or relay 
3 is a hermetically-seaded unit and in this connection a 

Suitable metallic Seal is provided on the circumferential 
periphery of each of the plugs 22, as indicated at 2á so as 
to hermetically sea! the open interior of the bobbin 12 
into which the leads 24 extend. In order to improve the 
magnetic qualities of the device , a tube 28 formed of 
suitabie magnetic or magnetically permeable material is 
provided at the inner diameter of the bobbin 12. Pur 
suarit to an importat aspect of the present invention, a 
perimanent magnet 33 is provided within the tube 28 in 
abutiment with oine of the end plugs 22, here shown as 
the end p?uig at the right end of the device i viewing 
FEGURE 4, the associated lead 24 extending through the 
permanent magnet 39, the function of which will presentiy 
appear. Within the tube 28 there is Provided, within the 
interior of the bobbin 12, metaillic particles or filings 32, 
preferably formed of soft iron, and preferably coated with 
a suitable condictive materiai, such as for exampie, siver 
or copper. 
F?GURE, 1 ili Strates the condition of the device ) 

when the field coil ég is die-energized. It will be noted 
that in said condition of the device 46, the magnetizable 
particles 32 are attracted by the permanent magnet 369 so 
that they are completely removed from the gap between 
the Spaced confronting einds of the companion leads 24. 
Consequentity, it will be appareint that the switch or relay 

is de-energized and that there can be no filow of cur 
reift through a circuit to which the leads 2 are connected. 
However, when current is applied to the field coii ?6 
through the leads 23, a magnetic field will be developed 
or result therefrom, which field will, it is understood, be 
stronger than the field or magnetic course provided by 
the permanent magnet 33. The magnetic field resulting 
from the energization of the field coil é, and reiinforced 
by the magnetizable tube 23 will cause the metallic par 
ticies 32 to be moved from the influence of the perma 
neint magnet 39 so as to be arranged between and across 
the gap 34, thereby filling the gap as iiiustrated in FIG 
URBE 2, which shows the device } in its condition when 
current is applied to the field coil G. With the gap 34 
bridged by the metallic particles 32, it will be apparent 
that the leads 24 are electrically connected to each other, 
so that the circuit to which the leadis 24 may be con 
mecíed wi? now be completed for the flow of current there 
through so as to energize the particular circuit, for ex 
ample and not by way of limitation, a motor controlled 
circuit. Ef it is desired to increase the current carrying 
capacity of the device 0, it is merely necessary to in 
crease the amount of current being supplied to the field 
coii 18. iBy increasing the current flow through the field 
coil 8, the magnetic fiux generated thereby is increased 
and consequently the metallic particles 32 become more 
ciosely packed together so as to decrease the resistance 
to current flow therethrough. Therefore, as the field cur 
rent is increased and the resistance to current flow through 
the particles 32 is decreased, a greater amount of current 
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the current flow through the field coil 6, the magnetic 
field created thereby will collapse so that the particles 32 
bridging the gap 34 will fall away therefrom. Pursuant 
to the previously described feature of the present inven 
tion, it will be understood - that with the discontinuance 
of the magnetic field provided by the field coil é, the 
sole magnetic field remaining within the bobbin f2 is that 
created or provided by the permanent magnet 30. Con 
sequently, when the magnetic field of the field coil 16 is 
discontinued, the magnetic field of the permanent magnet 
30, which, as previously indicated, is not as great or as 
strong as the electromagnetic field of coil 6, will never 
theless be effective to immediately attract the iron par 
ticies from their bridging condition to the condition there 
of illustrated in FIGURE 1. This provides a more ef 
fective control upon discontinuance of the energization of 
the field coil 16 in view of the fact that it provides a much 
faster and more , efficient termination of current filow 
through the leads 24 or a sharper break in the fiow of 
current through the leads 24 than was previously possible 
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there are no moving parts in the device 19 and merely an 
externally movable permanent magnet in the device i 9A, 
both devices will have a relatively long useful life. More 
over, due to the arrangement of the end plugs 22 and the 
seal 26, it will be noted that the interior of the device 
which contains the - particles 32 is readily hermetically 
Sealed and moreover it will be apparent that the complete 
device itself can be hermetically sealed in a relatively sim 
ple and inexpensive manner. Moreover, the current car 
rying capacity of each of the devices may be changed in 
a very simple manner, namely, by changing the current 
flow through the field coil 16 in the device 10 or by pro 
viding a permanent magnet 36 of a different strength or 
magnetic capacity in the case of the device 160A. In ad 
dition, it will be noted the the utilization of springs is 
completely eliminated in the devices of the present inven 

- tion. Moreover, it will be apparent that these devices 
are explosion proof since the units are hermetically 

i sealed and the devices can be utilized in an explosive at 
20 

with i devices of the general type to which the present 
invention relates. 

Referring now to FIGURES 3 and 6, there is shown 
another embodiment of the invention. While the de 
vice iilustrated in FIGURES 1 and 2 operates completely 
automatically in response to the energization of the field 
coil 6, the device 10A illustrated in FIGURES 3 and 6 
provides for a mechanical switch operation. In the de 
vice 10A the field coil 6 is eliminated and in lieu thereof 
a circular permanent magnet 3ó is mounted for sidable 
movement along the external surface of the cylindrical 
hollow housing 38, which in all respects, is similar to the 
bobbin 2 except that it is not provided with the end 
flanges 14. In all other respects, the construction of the 
device 19A is similar to the construction of the device ) 
and similar parts are indicated by similar reference nu 
merals. In the de-energized condition of the switch 110A, 
the permanent magnet 36 is disposed in the full-line posi 
tion thereof as illustrated in FIGURE 3, in which it will 
be noted that it is removed laterally from a position en 
compassing the gap 34. It will be understood that the 
magnetic field created by the permanent magnet 36 is 
greater than the magnetic field created by the permanent 
magnet 360 so that when the permanent magnet 36 is 
moved to the left, viewing FIGURE, 3 as indicated by 
arrows - 49 to the broken line position thereof, the mag 
netic field thereof is concentrated at the gap - 34 so as to 
attract or draw the metallic particles 32 from their posi 
tion in abutment with a permanent magnet 30 to a posi 
tion in which they bridge the gap 34 in the same manner 
as shown in FIGURE 2. if it is desired to increase the 
current carrying capacity of the device BA, it is merely 
necessary to provide a permanent magnet 36 which devel 
ops a stronger magnetic field. When it is desired to open 
the switch so as to interrupt the current flow through the 
leads 24, the magnet 36 is moved from its broken line to 
its full line position shown in FIGURE 3. When this oc 
curs, the permanent magnet 30 is effective as in the device 
10 to provide a sharp and immediate discontinuance or 
break in the current flow through the leads 24 by causing 
an immediate removal of the particles 32 from their 
bridging position across gap 34 to the position thereof as 
shown in FIGURE 3. 
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In view of the foregoing, it will be apparent that there 
has been disclosed a highly novel electromagnetic relay 
or switch or a mechanical switch which is relatively small 
in physical size but which nevertheless can provide an 
effective control of current flow therethrough and which 
also provides an immediate discontinuance or break in the 
current filow when the energizing force is removed. Since 
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mosphere. 
The embodiment of the invention illustrated and de 

scribed hereinabove has been selected for the purpose 
of clearly setting forth the principles involved. It will 
be apparent however that the present invention is suscep 
tible to being modified in respect to details of construc 
tion, combination and arrangement of parts which may 
be resorted to without departure from the spirit and 
scope of the invention as claimed. 

| claim: 
A relay comprising a hollow bobbin closed at both 

ends thereof, a field coil provided on said bobbin, co 
operating leads extending into the hollow interior of said 
bobbin and defining a gap therebetween, magnetically 
permeable non-spherical particles provided within said 
bobbin to bridge said gap in response to the energiza 
tion of said field coil, and means to positively remove 
said particles from said gap upon de-energization of said 
field coil, said leads having only an electric circuit rela 
tion with said particles, said particle removing means com 
prising a single magnetic means provided on said relay 
and associated with one of said leads, said magnetic means 
being a single permanent magnet provided within said 
hollow bobbin interior and providing a magnetic field of 
lesser intensity than that provided by said field coil, said 
single magnet straddling said one lead. 
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