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1

The present invention relates to magnetic cir-
cuit and coil arrangements for relays, vibrators,
and the like, and, more particularly, to a novel
and improved vibratory interrupter embodying
such arrangements.

It is an object of the present invention to pro-
vide a novel magnetic circuit and coil arrange-
ment in which an armature is arranged in a sub-
stantially constant magnetic field and is adapted
to be deflected in two different directions in ac-
cordance with the effective direction of a second
or aux1hary magnetic field.

It is another object of the invention to provide.

an improved magnetic system for relays, vibra-
tors, and the like, in which a deflectable arma-
ture is arranged in the field of a coil energized
by unidirectional current and may be deflected

in a direction determined:by the flow of current_

through a second coil.

It is a further object of the invention to pro-
vide a vibratory interrupter organization includ-
ing a pair of coaxially mounted coils, .one of
which upon being energized sets up a constant
polarizing field, the other of which upon' being
energized alternately in opposite - directions - is
adapted to maintain an armature in vibration.
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tion. In the following description, and in the
claims, parts will be identified by specific names,
for convenience, but they are intended to be as
generic in their application to similar parts as
the art will permit.

Recent developments in the vibrator art have
indicated the advantages of vibratory interrupters
in which a vibratory armature is provided in a
magnetic field of constant polarity, deflecting
force being applied to said armature by alter-
nately magnetizing the same in opposite direc-
tions by means of a driver coil. Polarized vibra-
tory systems of this type have the advantage that
deflection of the armature in either direction is
positively controlled by the mutual attraction and -
repulsion of two flelds, whereby more satisfac-
tory operating characteristics and also higher
operating frequencies may be obtained than with
conventional vibrators. Polarized vibrators of
this type are broadly disclosed and claimed in

- U. S.-application Serial No. 543,255, of Robert J.
“Aust, flled July 3, 1944, to which apphcatjon is

hereby reference made.
The circuit organization of a typical polarized
vibratory interrupter will be understood from

" Fig. 1 in which reference character (0 denotes a°

It is also within the contemplation of ‘the in- :

vention to provide a vibratory interrupter of the
polarized type comprising a polarizing coil and
a driver coil having aligned coaxial openings
therein into which a vibratory armature may ex-
tend, said polarizing coil being unidirectionally
energized and said driver coil being alternately
energized in opposite directions through a sys-
tem of contacts operable by the armature, there-
by sustaining vibratory action of the armature.

The invention also contemplates a vibratory
interrupter of the polarized type which is ex-
tremely simple in construction, does not require
any permanent magnets, and which may be read-
ily manufactured and sold on a practical and
commercial scale at a low cost.

Other and further objects and advantages of
the present invention will become apparent from
the following description, taken in conjunction
with the accompanying drawing, in which

Fig. 1 illustrates a circuit diagram of a polar-
ized vibratory interrupter employing permanent
magnets;

Fig. 2 depicts a diagrammatic view of the struc-
ture and of the circuit organization of a vibra-
tory interrupter embodying the principles of the
invention; and ‘

Fig. 3 shows a preferred embodiment of the
vibrator of the invention.

While a preferred embodiment of the inven-
tion is described herein, it is contemplated that
_ considerable variation may be made in the meth-
" od of procedure and the construction of parts
without departing from the spirit of the inven-
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" vibratory reed, the end of which extends into the

magnetic field of poles of opposite polarity of
permanent magnets Ii and 2. Windings of
wire constituting a driver coil I3 are arranged
around the armature, said coil upon being ener-
gized from a source of current is adapted to mag-
netize the armature in a direction determined by
the direction of current flow through the coil.
Armature 10 carries vibratory contacts {4 and 15
adapted to respectively cooperate with relatively
fixed contacts 16 and 11, contacts 15 and 7 being
normally closed. The ends of driver coil 13 are
connected to fixed contacts 16 and i1 and also
to theends of primary winding 18 of a step-up
transformer 19. A source of low voltage direct
current 20 has its terminals connected between
ariaature 10 and the cenfer tap of the primary
winding.

Considering the operation of this circuit, cur-
rent will flow from the positive terminal of source
20 through the left hand half of the primary
winding, through driver coil 43, and through con-
tacts I5 and 171 and the armature back to the
negative terminal of the source. At the same
time a current of greater intensity will flow from
the positive terminal of the source through the
right hand half of the primary winding, con-
tacts 11 and 5 and the armature back to the
negative terminal of the source. The winding
direction of the driver coil with respect to the
polarity of the source is so determined that a
South pole will be formed at the upper end of
the armature and under the effect of the con-
stant magnetic field of magnets i and 12 will
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defleci the armature to the left until it closes
contacts I8 and 16. It will be noted that in this
position of the armature the direction of current
flow in the driver coil will be reversed in that cur-
rent will flow from the positive terminal of ‘the
source through the right hand half of the pri-
mary winding, and through the driver coil and
_ through contacts {4 and (8 and the armature
back to the negative terminal of the source. It
is also to be observed that in this case the direc-
tion of the major portion of the current flowing
through the primary winding will be likewise re-
versed, such flow being from the positive ter-
_minal of the source through the left hand half of
the primary winding, through contacts {4 and (6
and the armature back to the negative terminal
of the source. A North pole will now be induced
at the free end of the armature, causing de-
flection thereof to the right where contacts 3
“and 17 will be closed again and the operating
cycle will begin anew. Clearly, the armature
will be maintained in continuous vibration so long
as energy is supplied to the system and the major
portion of the current flow through the primary

winding will be reversed synchronously with the <

vibrations of the armature whereby an alternat-
ing voltage is induced in secondary winding 21.
This alternating voltage may be rectified in any
conventional manner, such as <y means of syn-
chronous contacts carried by the armature or by
means of a tube rectifier. -
Polarized vibratory systems of the described
character have been successfully constructed and
operated. One of the practical difficulties experi-
enced was connected with the provision of per-
manent magnets which are relatively expernsive.
In accordance with the principles of the present
invention, these difficulties are eliminated by pro-
viding a novel magnetic circuit and coil arrange-
ment in which permanent magnets are dispensed
with and the polarizing and driver fields are ob-
tained by means of & pair of coaxially mounted
coils. : ’
The invention will be best understood by re-.
ferring to Fig. 2 in which reference character 22
denotes a polarizing coil and 13 denotes the driver
coil corresponding in arrangement and function
to coil 13 of Fig. 1. Coils 22 and §3 are coaxially
mounted with respect to each other and have
aligned central openings defining a space 23 into
which the free end of the vibratory armature 18
extends.
means of a ferromagnetic member 24, of which
one end 25 extends into polarizing coil 22, is bent
around coils 22 and 3 at 26 and 27, is carried
across the bottom surface of coil (3, is bent up
and around coil {3 at 28 and 29 and is fihally bent
again at 30, extending within coil {3 to 3{. An
opening 32 is provided in the lower horizontal
portion of member 24 corresponding to opening
23 in the coils for permitting the armature to
enter the inner coil space.
~ The circuit connections of the driver coil, of
the contacts and of the transformer are iden-
tical with the circuit illustrated in Fig. 1 and
similar reference characters have been employed
to denote corresponding parts. It is to be noted,
- however, that permanent magnets £ and {2 are
replaced by polarizing coil 22 which is directly
connected across source 20. .
When the polarizing coil 22 is energized, th
magnetic circuit may be traced from the exten-
sion of element 24 into the center of coil 22

=1

10

15

4 .
site poles between which there is established a
magnetic field. . :

Upon driver coil 13 being energized in one di-
rection, the armature will be magnetized so as to
be deflected to the left, making the magnetic
circuit 25—26—27—32-air gap-armature-air
gap-25. Energizing the driver coil in the oppo-
site direction will force the armature to the right
and will convert the magnetic circuit to armature-
air gap-31—29—28-air gap-armature. In other
words, polarizing coil 22 connected across the
source 28 replaces the permanent magnets of
Fig. 1. : .

From the foregoing description, the operation
of the vibrator of ‘the invention will be readily
understood by those skilled in the art. As the
circuit organization, apart from the connection
of the polarizing coil, is identical with that of Fig.
1, it will not be necessary to repeat description

-of the same, particularly in view of the use of

similar reference characters to fenote corre-
sponding parts in both figures. It will be sui-
ficient to state that in the initial position one set
of contacts is closed and the driver coil is ener-
gized in-such direction as to cause deflection of
the armature into a position in which the said
set of contacts is opened and the other set of
contacts is closed. This will energize the driver
coil in the opposite direction and will cause re-
turn of the armature. into its initial position
where the cycle is repeated in a manner well

- understood. Thus, the armature will be main-

40

tained in vibration and current will be alternate-
ly passed through the two halves of primary wind-
ing I8 in opposite directions, thereby inducing
an alternating voltage in the secondary winding
2§. This induced alternating voltage may be rec-
tified by means of synchronous contacts operated
by the armature or in some other conventional
way. :

_The structural organization of a preferred em- .
bodiment of the principles of the present inven-
tion into a vibrator is illustrated in Fig. 3. The
vibrator is built around a flat strip of ferromag-

5 netic material 33 having an elongated longitudi-

nal portion 34 at one end thereof and provided
with four right angle bends as indicated at the

. other end thereof to accommodate polarizing coil

The magnetic circuit is determined by
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- through 25—26—27-—32—28-—28—3! and across

the gap back to 25. This makes 25 axd 3{ oppo-

78

35 and driver coil 36. Strip 33 is provided with
an opening 37 aligned with openings 38 in the
center of the coils through which armature 39
may extend. Perromagnetic member 40 is like-
wise constituted of flat stock with two right angle
bends as illustrated around coil 3% and is secured
to the other ferromagnetic member 33 at 41, for
example by means of spot welding. Members
23 and 40 are so constructed and arranged that

-after being secured together they will hold coils

35 and 36 tightly in place.

The stack is secured to the lower end of mem-
ber 34 and comprises two insulative spacers 42,
side spring 43, two insulative spacers 44, metal
plate or spacer 45, hinge plate or reed 46 of the
vibratory system, insulative spacers 47, side
spring 48, insulative spacer 49, and metal plate
50. The stack is clamped together by means of
bolts 51 extending through aligned holes of the
several stack meinbers and nuts 52, The said
holes are large enough in diameter to accommo-
date insulative bushings (not shown) to insulate
the several metallic members from each other.

The vibratory system is carried by the upper
end of hinge plate 46 to which there are secured
armature 39 and side arms $3 and 54 with the
interposition of spacer plates 55 and 56 by means



3,415,601

5
of rivets 81. The free ends of side arms 83 and
84 carry vibratory contacts 58 and 58, respec-
tively, cooperating with relatively fixed contacts
§0 and 1. The magnetic system including pole
Dleces 82 and 63 within polarizing coil 35 and the
initial position of armature 39 with respect there-
to are so determined that both sets of contacts
are open while the polarizing coil is not ener-
- glzed, Upon energizing said coil, however, the
magnetic fleld between pole pieces 62 and 63
slightly displaces the armature into its normal
initial position shown in Fig. 2 in which one set
of contacts is closed to initiate the cycle of op-
eration, as is explained more fuily in connection
with the said fizure, In view of the foregoing
detailed description of the structure and of the
circult organization of the vibrator, the opera-
tion of this preferred embodiment of the inven-
tion is cbvious.

The principal advantages of the magnetic cir-
culi and coil arrangement of the invention are
its great structural simplicity and the facility
of manufacture, The coaxially mounted polar-
izing ‘coll provides o simple and highly eficlent
substitute for the expensive permanent magnets,
and permits the vibrator to run from either polar-
ity of the source of current. The singie-leggad
frame structure shown in Fig. 3 permits easy ad-
justment by bending, for centering the armature

between the coil sides of the holes.
~ . It is aiso to be observed that the prineiples of
the invention offer great advantages in the con-
struction of vibrators of very small dimensions
and having high operating frequencles, The
principles of the invention are likewise applcable
to the construction of polarized relays and of
indicators or annunclators in which the opera-
tive condition of an electrical clrcuit is visually
indicated by displacement of a dise or similar
member attached to the end of the armature.

While the present invention, as to ite objects
and advantages, has been described herein as
carrled out in specific embodiments thereof, it
is not desired to be limited thereby but it is in-

tended to cover the invention broadly within the

spirit and scope of the appended claims.
“What is claimed is:

1. A vibratory interrupter comprising in com-
bination a polarizing coil and a driver coil co-
axlally mounted with respect to each other and
having aligned central holes therein, a ferro-
magnetic member having its ends extending into
said polarizing coil from opposite directions and
~ defining therein pole pieces of opposite polarity
when sald cofl s energized, 8 ferromagnetic arm-
ature mounted for vibration extending into sald
colls and adapted to be deflected when said driver
coil is energized, and a system of contacts op-
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alignment with the holes of said coils, an arma-
ture mounted for vibration extending through
said holes irite cooperating relation with said pole
pleces, vibratory contacts on said armature, and

-relatively fized stationary contacts cooperating

with said vibratory contacts, said contacts being
adapted to be electrically associated with the
driver coil and & source of current to alternately
pass current in opposite directions through said
coil thereby to maintain said armature in vi-
bration. -

3. A polarized’ vibratory interrupter compris-
Ing in combination & polarizing coil and & driver

‘coil having & ceniral hole therein coaxially

mounted with respect to each other, a pair of
ferromagnetic strips having one of their ends
extending in opposite directions into said polariz-~
ing coil to constitute pole pieces of opposite pol-
arity when said coil is energized, said strips being
secured together and at least one of them belng
extended away from said ceils, & stack mounted
on the end of said extended strip, g vibratory
armature clamped in said stack at one end there-
of and having its free end extending into sald
coils in cooperative relation with said pole pleces,
vibraiory contacts on said armature, relatively
fized contacts cooperating with said vibratory
contacts, and stack-clamped means for support-
Ing sald fixed contacts, said driver coil being
adapted to be alternately enmergized in opposite
directions through said contacts thiereby {0 main-
tain the armature in vibration.

4. A polarized vibratory electromagnetic inter-
upter comprising in combination an upper polar-
izing coil and a lower driver coil having aligned
central holes therein, a first ferromagnetic strip
having one end extending into the upper coil and
being formed with two right angle bends to ex-
tend dewnwardly along one side of said ceils, o
second ferrgmagnetic strip having one end up-
wardly exfending into said upper coil and being
formed with four right angle bends fo extend
around one side and the bottom surface of the
lower coil and to further extend downwardly

45 along with and beyond the lower end of the first

50

strip, means for securing said strips together, a
hole in the second strip aligned with the holes
of said coils, s stack mounted on the lower end
of said second strip, an armature mounted for vi-
bration in said stack bearing vibratory contacts
and extending through said holes intg coopera-
tive relation with said pole pleces, and stack-
clamped stationary contacts adapted to cooper-
ate with sald vibratory contacts, ssid pole pleces

55 being imparted opposite polarities when the said

erable by said armature to alternately energize -

said driver coil in opposite directions thereby to 60

maintain the armature in vibration.

2. A vibratory interrupter comprising in com-
bination coaxially mounted polarizing and driver
colls having aligned c~ntral holes therein, a mag-
netic circuit for said cofls including at least one
ferromagnetic strip having its ends extending
into the polarizing coil in opposite directions
and having its intermediate portion bent around
said coils to hold them in fixed relative position,
the ends of said strip defining spaced pole pleces
of opposite polarity when said polarizing coil is
energized, a hole in zaid strip substantially in

polarizing coil 1S energized and sald driver cofi
being alternately energized through sald contacts
in opposite directiong thereby to maintain the
armsture in vibration.
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