
July 5, 1966 R_ A, wlLLlAMs 3,259,810 
ELECTROMAGNETIC SWITCHING DEVICES 

Filed NOV. 27, 1963 

55 7/ ,5 

INVENTOR. 

19519-5 %0éeW/a%%'//mm§ 
4/7 BY 



United States Patent 0 

1 

3,259,810 
ELECTRGMAGNETIC SWITCHING DEVICES 
Robert A. Williams, Fort Worth, Tex., assignor to 

Talon, Inca, Meadville, Pa. 
Filed Nov. 27, 1963, Ser. No. 326,633 

4 Claims. (Cl. 317—172) 

This invention relates to electromagnetic switching de 
vices. The invention is applicable to various types of 
switching devices wherein an armature is driven by elec 
tromagnetic action and the armature or devices carried 
by it perform contact making or breaking functions in 
an electrical circuit or circuits. The invention is particu 
larly applicable to devices wherein the contact making 
or breaking functions are performed quite rapidly and 
continuously, for example, a D.C.—A.C. chopper. Fur 
ther, the invention is especially applicable to miniaturized 
devices wherein it is desirable to achieve high perform 
ance characteristics with very limited available input 
power and space. 

The general object of my invention is to provide im 
proved electromagnetic switching devices of the types 
above-mentioned. _ 

Another object is to provide such improved switching 
devices which when miniaturized will provide normal op 
eration even in an environment where they are subjected 
to heavy shock and vibration. 
Another object is to provide such improved switching 

devices which utilize available input power so effectively 
as to achieve high performance characteristics even when 
made in very small sizes. 

These and other objects are effected by my invention 
as will be apparent from the following description taken 
in accordance with the accompanying drawing, forming 
a part of this application, in which: 
FIG. 1 is a schematic longitudinal section view of an 

electromagnetic switching device in accordance with a 
preferred embodiment of my invention; 

FIG. 2 is a plan view of the device of FIG. 1; 
FIG. 3 is an end elevational view of the device of FIG. 

1; and 
FIGS. 4 and 5 are respectively fragmentary end eleva 

tional and plan views illustrating one type of switching 
arrangement that may be utilized with the device of 
FIG. 1. 

Referring now to the drawing, there is shown an elec 
tromagnetic switching device including a drive coil as 
sembly 11, upper and lower permanent magnet bars 13, 
15, a. left end piece 17, a right end piece 19, and an arma 
ture assembly 21. 
‘The armature assembly 21 includes an armature 23 

shown as a tubular member made of magnetic material. 
Disposed within and ?xed to the armature adjacent its 
right end portion is a disk 25 of non-magnetic insulating 
material. Supported by and ?xed to the disk 25 and dis 
posed coaxially of the armature and extending outwardly 
therefrom is a rod or reed 27 which may carry a contact 
or contacts to perform contact making and breaking func~ 
tions as will be hereinafter explained. The armature 23 
is mounted on pivots 28 for pivoting about the transverse 
axis indicated by the + at 29 in FIG. 1. 
The coil assembly 11 includes a spool 31 of non-mag 

netic material upon which a winding 33 is disposed, the 
winding being provided with input leads 35 to be con 
nected to a suitable power source (not shown). The 
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spool 31 is ?xed by any suitable means, such as indicated 
by angle brackets 37 in FIG. 1, so that the spool bore 39 
is coaxial with the armature 23 when the latter is in its 
neutral position. Thus, the coil 33 is so disposed rela 
tive to the armature 23 that alternate north and south 
poles (indicated in FIG. 1 by N-S and S-N) will be 
created at the armature left and right end portions when 
the coil 33 is energized by a suitable alternating current 
power source. 
The left end piece 17 is a disk of magnetic material 

having a cylindrical protrusion 41 extending inwardly 
therefrom and coaxial with the spool bore 39, and with 
the protrusion 41 extending within the armature left end 
portion; the cylinder diameter being slightly less than the 
adjacent armature portion inside diameter, so as to pro 
vide operating clearance. 
The right end piece 19 is a disk of magnetic material 

having a central bore 43 surrounding the armature right 
end portion, the diameter of this central bore being slight 
ly greater than the outer diameter of the adjacent arma 
ture portion so as to provide operating clearance. 
The left and right end pieces 17, 19 are held in ?xed 

spaced relation by the permanent magnet bars 13, 15, 
which are received at their respective end portions by 
respective slots 45 in the end pieces. 
The permanent magnet bars 13, 15, as shown by FIG. 

v1 are arranged so that their ends are oppositely poled. 
As shown, the left end portion of the upper permanent 
magnet bar 13 is a south pole, while the left end of the 
lower permanent magnet .bar 15 is a north pole. Now as 
a practical matter, the armature 23 is always in either its 
clockwise or its counterclockwise position, or is in motion 
toward one of these positions. When in the clockwise 
position, the lower left armature end portion is abutting 
the lower portion of the left end piece protrusion 41 while 
the armature lower right end portion is abutting the lower 
portion of the right end piece bore 43. When in the 
counterclockwise position, the armature upper left end 
portion is abutting the upper portion of the left end piece 
protrusion 41 while the armature upper right end portion 
is abutting the upper portion of the right end piece bore 43' 
Now the left and right end pieces 17, 19 are made 

‘ magnetically integral with the permanent magnet bars 
13, 15, so that there is no gap or disruption of the mag 
netic circuits at the junctures of same. When the arma 
ture 23 is in the theoretical neutral position (coaxial with 
the coil spool bore 39) the magnetic effects of the 
permanent magnet bars 13, 15 are theoretically equal 
and opposite and therefore cancel out. It is important, 
however, to understand that when the armature 23 is 
at or near one of its terminal positions (clockwise or 
counterclockwise) the magnetic effects of one permanent 
magnet bar are predominant and the effects of the other 
can for practical purposes be ignored. This means that 
when the armature is at or near its clockwise position 
the lower permanet magnet bar 15 is predominant and 
there is a magnetic circuit extending around a loop in 
cluding the lower permanent magnet bar 15, the lower 
portions of the end pieces 17, 19, and the armature 23, 
with the permanent magnet polarity of north at the left 
end adjacent the armature and south at he right end ad 
jacent the armature. When the armature 23 is in its 
counterclockwise position, the situation is reversed, with 
the upper permanet magnet 13 then predominant and 
the permanent magnet polarity of south at the left end 
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adjacent the armature and north at the right end adjacent 
the armature. As hereinbefore stated, when the coil 33 
is energized from an alternating current power source 
north and south magnetic poles are alternately established 
at the end portions of the armature 23, 

In operation, assume that the armature 23 is at rest 
in its clockwise position. Then assume that the coil 33 
is energized from an alternating current source and at 
a given instant a north pole is established by the coil at 
the left end port-ion of the armature 23 while a south 
pole is established at its right end portion. These poles 
will be instantly repelled by the adjacent permanent 
magnet poles so that the armature 23 moves toward the 
counterclockwise position. As the armature approaches 
the counterclockwise position, it will be attracted by the 
adjacent permanent magnet poles. Thus the armature 
23 is both pushed and pulled from the clockwise to the 
counterclockwise position. 
Then on the next half cycle of the alternating current 

coil energizing source, the polarity of the armature ends 
will reverse so that the left end is now a south pole and 
the right end a north pole. The armature 23 will then 
be repelled by the adjacent permanent magnet poles 
and will then move toward the clockwise position. As 
the armature 23 approaches the clockwise position, ‘it 
will be attracted by the adjacent permanent magnet poles. 
Thus, the armature is both pushed and pulled from 
the counterclockwise to the clockwise position. This 
process is repeated at the frequency of the alternating 
current coil energizing source. 
The effect of the above-described structure and ar-, 

rangement is advantageous in several respects. It results 
in a positive snap-like action of the armature 23 in its 
movement from one position to another. This armature 
action of course also becomes the characteristic of the 
switching or contact element or elements that are car 
ried by the armature. Thus, the tendency to contact 
bounce is effectively resisted, and normal operation per 
sists even in environments involving heavy shock and/ or 
severe vibration. Furthermore, the above-described 
structure and arrangement achieves very effective utiliza 
tion of available power in minimum space and is con 
sequently admirably suited to miniaturization techniques. 

It should be apparent from a careful consideration 
of the foregoing that in essence, the structure and ar 
rangement of the present invention contemplates the 
following: Providing means for producing a ?rst set of 
magnetic poles having alternately a ?rst and a second 
polarity at spaced locations on opposite sides of the 
pivot on a pivoted structure (for example an armature), 
permanent magnet means producing a second set of pre 
dominant poles adjacent said ?rst set when said pivoted 
structure is in a ?rst terminal position and while said 
?rst set has said ?rst polarity (clockwise or counterclock 
wise) said second set of poles being of polarity such 
as to produce a ?rst repelling force couple on said pivot 
ed structure tending to push said structure toward its 
second terminal position (counterclockwise or clockwise), 
permanent magnet means for producing a third set of 
predominant poles adjacent said ?rst set as said pivoted 
structure approaches said second terminal position, said 
third set of poles being of polarity such as to produce a 
?rst attracting force couple on said pivoted structure 
(while said ?rst set still has said ?rst polarity) tending 
to pull said structure toward said second terminal posi 
tion so that when said ?rst set of poles assumes its second 
polarity a repelling force couple will be produced to 
push said pivoted structure back toward its ?rst terminal 
position and as it approaches same an attracting force 
couple will act to pull same toward said ?rst terminal 
position, the cycle being repeated at the frequency of 
the cycle of change of polarity of said ?rst set of poles. 

In the preferred embodiments of the invention, the 
said ?rst set of poles having alternately a ?rst and a 
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4 
second polarity is produced by means of a suitably dis 
posed winding or coil energized from an alternating cur 
rent power source and the second and third sets of pre 
dominant poles are produced by oppositely poled per 
manent magnets. Further, in accordance with preferred 
embodiments of the invention the poles at one end por 
tion of the permanent magnet structures are disposed on 
opposite sides of and exteriorly of said pivoted structure 
and the poles at the other end portion of the permanent 
magnet structures are disposed on opposite sides of and 
interiorly of said pivoted structure. 

It is apparent that the details of structure of devices 
embodying the principles of my invention may take many 
different forms. Further, details of structure such as 
various armature pivot mounts, drive coil mounts, switch 
ing element con?gurations, frame structures, encapsulat 
ing techniques, and the like, belong to the prior art and 
are therefore not labored herein. For such details of 
some electromagnetic switching devices of the general 
type to which the present invention is applicable, refer 
ence is made to my United States Patent Numbers 
2,959,648 and 3,172,975. 
For completeness, one form of switching element which 

may be utilized in a device embodying the principles 
of my invention is shown by FIGS. 4 and 5. There, a 
conductive contact shorting element 47 is ?xed to the 
vrod or reed 27 which is in turn carried by the armature 
23. The ‘shorting element 47 acts to bridge between 
the contacts 49, 51, thereby opening and closing the elec~ 
tric circuit containing the contacts 43, 51 at the frequency 
at which the armature 23 is driven. . 
The foregoing disclosure and the showings made in 

the drawing are merely illustrative of the principles of 
this invention and are not to be interpreted in a limiting 
sense. 

I claim: 
1. An electromagnetic switching device comprising: 
(a) a pivoted structure mounted for oscillatory pivot 

ing movement about a pivot axis; 
(b) means for producing a ?rst set of magnetic poles 
having alternately a ?rst and a second polarity at 
spaced locations on opposite sides of said pivot axis; . 

(c) permanent magnet means producing a second set 
of predominant poles adjacent said ?rst set when 
said pivoted structure is in a ?rst terminal position 
and while said ?rst set has said ?rst polarity, said 
second set of poles being of polarity such as to pro 
duce a ?rst repelling force couple on said pivoted 
structure tending to push said structure toward a 
second terminal position; 

(d) permanent magnet means producing a third set 
of predominant poles adjacent said ?rst set as said ' 
pivoted structure approaches said second terminal 
position, said third set of poles being of polarity 
‘such as to produce a ?rst attracting force couple on 
said pivoted structure while said ?rst set still has 
said ?rst polarity, said attracting force couple tend~ 
ing to pull said pivoted structure toward said second 
terminal position; 

(e) so that when said ?rst ‘set of poles assumes its 
‘second polarity a repelling force couple is produced 
to push said pivoted structure back toward said 
?rst terminal position and as it approaches same an 
attracting force couple acts to pull same toward 
said ?rst terminal position, with the cycle being re 
peated at the frequency of the cycle of charge of 
polarity of said ?rst set of poles. 

2.. The invention in accordance with claim ll, wherein 
said ?rst set of poles is produced by a coil to be energized 
from an alternating current power source and said second 
and third sets of poles are produced by oppositely poled 
permanent magnet structures. 

3. The invention in accordance with claim ll, wherein 
said second and third sets of poles are produced by 
oppositely poled permanent magnet structures and the 
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