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1
" The present invention relates to vibrators, and,
more particularly, to vibratory electromagnetic
interrupters of novel and improved character.

It is an object of the present invention to pro-
vide improved control of the operating frequency
of vibratory interrupters. ,

It is another object of the present invention to
provide improved vibratory interrupters the op-
erating frequency of which may be maintained
substantially constant regardless of changes in
temperature, amplitude, and in other variable
operating conditions.

It is a further object of the invention to provide
vibratory interrupters having means for readily
adjusting their operating frequency to a desired
value thereby to realize a heretofore unattain-
able uniformity of the finished product.

It is also within the contemplation of the in-

vention to provide readily adjustable weights for -

the vibratory system of vibrators, such weights
being either manually adjusted after the assem-
bly, or being automaticaily and continuously ad-
justed by certain changes in the operating condi-
tions, such as the temperature, whereby desirable
operating conditions are obtained and main-
tained. :

The invention also contemplates vibratory in-
terrupters having manually or automatically ad-
justable weights operatively associated therewith,
which combine great structural simplicity, facility
of manufacture and heretofore unobtainable op-
erational efficiency.

Other and further objects and advantages of
the invention will become apparent from the fol-
lowing description, taken in conjunction with the
accompanying drawing; in which

Pig. 1 illustrates a side elevational view of a
vibrator embodying the principles of the present
invention;

Fig. 2 depicts a perspective view of the blank of
an adjustable ferromagnetic weight forming part
of the vibrator of Fig. 1;

Pig. 3 shows a perspective view of a vibratory
reed equipped with a non-magnetic adjustable
weight embodying the invention;

Fig. 4 is a perspective view of a blank for the
adjustable weight forming part of the structure
of Pig. 3; ,

Fig. 5 is a side elevational view of a modified
vibratory reed equipped with a bimetallic weight;

Fig. 6 illustrates a perspective view of a reed
structure in which an adjustable weight is inte-
grally formed with a ferromagnetic armature for
the reed;
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Fig. 7 depicts a section taken on line 1-—T of
Fig. 6; )

Pig. 8 shows a side elevational view of a reed -
structure embodying the invention and includ-
ing a bimetallic weight and an adjustable ferro-
magnetic weight; : o

Fig. 9 is a perspective view of the adjustable
ferromagnetic weight forming a part of the reed
structure shown in Fig. 8; -

Fig. 10is a side elevational view of a reed struc-
ture in which an adjustable ferromagnetic weight,
not under the influence of the driver field, is com-
bined with an adjustable ferromagnetic weight
under the influence of such field;

Fig. 11 is a side elevational view of a reed struc-
ture similar to that of Fig. 10 but including a.
weight constituted of bimetallic material respon-
sive to changes of temperature; and )

Pig. 12 is a similar view of a further modified
embodiment of the invention in which the fea-
tures of Fig. 10 and 11 are combined.

While a preferred embodiment of the invention
is described herein, it is contemplated that con-
siderable variation may be made in the method of
procedure and the construction of parts without
departing from the spirit of the invention. In the
following description, and in the claims, parts
will be identified by specific names, for con-
venience, but they are intended to be as generic
in their application to similar parts as the art
will permit.

Referring now more particularly to Fig. 1 of the
drawing, a preferred embodiment of the invention
essentially comprises a ferromagnetic frame 10
having a conventional stack portion generally de-
noted by reference character I mounted on one
end thereof and carrying a driver coil 12 around
the other or hook end thereof, the extremity of
which constitutes a pole piece (3. The vibratory
system of the vibrator is constituted of a vibra-
tory reed 14 clamped in stack | { at one end thereof
and carrying the usual ferromagnetic armature
15 secured to the other or free end thereof. A
pair of reed or contact arms 16 are secured to an
intermediate portion of the reed and carry at
their ends vibratory contacts {1, These contacts
cooperate with relatively fixed contacts I8 car-
ried at the ends of side springs {9 likewise clamped
in stack 1. The stack is held together by means
of conventional stack screws 20 and nuts 2i. So
far the structure of the vibrator is along con-
ventional lines and, as those skilled in the art
know, when the driver coil is properly associated
with & source of direct current and with the sys-
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tem of vibratory and fixed contacts, the reed will
be maintained in continuous vibration, the fre-
quency of such vibration being determined by the

mass and the compliance of the several parts and

to some extent also by the amplitude of the vibra-
tion.

To improve the frequency control, there is se-
cured to the free end of the reed_, in the region
of armature or weight 5§, an adjustable weight

generally denoted by reference character 22 and !

constituted of a ferromagnetic material. As it
will be best observed in Fig. 2, this extension
piece is preferably formed in a generally T-shaped
configuration, having a transverse portion 23 and
a longitudinal portion 24.
tion there are provided a pair of apertures 25
through which the member may be secured to the
free end of the reed by means of rivets or eyelets
26 extending therethrough and through corre-
sponding openings in reed 14 and in armature
15. After assembly of the reed structure, the
longitudinal portion 24 of member 22 is bent up-
wards into the indicated position so that its free
end comes under the maximum influence of pole
piece 13 at the limit of the reed amplitude on the
inertia side. It will be readily seen in Fig. 1 that
when the driver coil is energized and will attract
armature (95, it will at the same time also attract
the end of portion 24 of member 22. The mag-

netic effect upon portion 24 will be only a small 2

fraction of that upon the armature, due to its
considerably greater distance from the pole piece.
Nevertheless, since the adjustable portion 24 is
located away from one side of the pole {3 while
the armaturs 15 is situated away from the other
opposite side of said pole in the rest position of
the armature, the force created by the former
will be oppositely directed to that of the attrac-
tion of the pole I3 upon the latter and, there-
fore, the mechanical effect upon portion 24 will
be effective in extracting energy from the mov-
ing system. This reduction in the driving force
will reduce the amplitude of vibration and there-
by also the frequency at any particular ampli-

tude. While normally the reed frequency in- -

creases with reed amplitude, by means of ferro-
magnetic member 22 the reed frequency may be
caused to decrease with increasing amplitude, or
to remain constant, depending on its adjustment
with respect to pole piece i3.
of course, the extension of member 22 must be
under the influence of pole I3 while driver coil
12 is energized. Of particular practical impor-
tance is the possibility of so adjusting member

or extension 22 as to maintain the operating fre- :

quency of the vibrator constant regardless of
variations of amplitude because this permits
stabilizing the frequency of vibrator operation
although the operating voltage may be subjéct to
substantial variations. The practical advantages
of such an arrangement will be obvious if it is
considered that vibratory interrupters are gen-
erally operated from storage batteries, the voltage
of which may be subject to considerable varia-
tions.

In Fig. 3 a modified embodiment of the inven-
tion is illustrated in which an adjustable weight
constituted of non-magnetic material, such as
soff brass, is used. Reed (4 is identical with that
of Fig. 1 and its lower or clamped portion is pro-
vided with a pair of apertures 27 through which
the stack screws may extend. A transverse slot
28 is punched in the intermediate portion of the
reed to provide weakened hinge sections and
thereby to increase the compliance of the reed.

In the transverse por- ;
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The reed has an upwardly tapering shape and
ends in a transverse portion having " substan-
tially the same width as the stack portion of the
reed upon which there is secured ferromagnetic
armature or weight 15 and the adjustable weight
generally denoted by reference character 29. As
it will be seen in Fig. 4, the adjustable weight is
generally T-shaped, with a pair of holes 38
punched into its transverse portion 3i and has
& narrow longitudinal portion, or extension, 32.
Adjustable weight 29 is secured to the upper end
of reed 10 by means of rivets or eyelets 33 ex-
tending thirough apertures 30 in weight 29 and
through corresponding apertures in both the reed
and in armature 15. A small opening 34 may be
punched in the midportion of the adjustable
weight thereby facilitating bending of longitudi-
nal portion 32 in the desired position.

The adjustable weight illustrated in Figs. 3 and
4 being constituted of non-magnetic material, it
is substantially unaffected by the magnetic field
of pole piece 13. Its effect upon the operating
frequency of the vibrator is based on its changing
the effective mass of the vibratory system. Thus,
by bending extension 32 upwards, it will slightly
increase the effective mass of the vibratory sys-
tem, thereby decreasing its frequency, and vice
versa. In this manner, it is possible to adjust
the frequency of the vibrator after its assembly
within the desired range, thereby assuring uni-
formity of the operating characteristics of vibra-
tors manufactured on a quantity production scale.

The further modified embodiment of the in-
vention shown in Pig. 5 is in most respects iden-
tical with the one depicted in Figs. 3 and 4 and
similar reference characters have been employed
to denote corresponding parts. The difference
resides in forming the adjustable weight 35 of
a bimetallic plate having the same shape as the
non-magnetic adjustable weight 29. Bimetallic
plate 35 is riveted or otherwise secured to the reed
and its longitudinal portion extending away from
the reed is caused to bend under the effect of
temperature changes. In this manner, the oper-
ating frequency of the vibrator may be caused to
change with temperature changes or may be com-
pensated against the effect of temperature
changes. Thus, in general, the operating fre-
quency of a vibrator decreases with increasing
temperature. By proper selection of the two
metals of which the bimetallic plate is constituted,
element 35 may be caused to curve downwards
with increasing temperature and thereby to in-
crease the frequency by the same amount, so that
the frequency of the vibrator remains constant
regardless of temperature changes. In addition
to the temperature-responsive effect of bimetallic
weight 35, it may be also manually adjusted by
bending, to initially adjust the frequency of the
vibrator to a desired value. In view of that fact,
however, that the bimetallic plate functions best
when its free portion is substantially at right
angles to the plane of the reed, this initial ad-
justment should be kept within a narrow range
and when greater range is desired it is preferred
to provide a separate adjustable weight in addi-
tion to the temperature-responsive weight, as it
will be set forth more fully hereinafter.

In all of the previous embodiments of the in-
vention, the armature and the adjustable weight
are provided in the form of two independent ele-
ments mounted on the free end of the reed. The
vibratory structure and its assembly are consid-
erably simplified when the armature and the ad-
justable weight are combined in a single ferro-
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magnetic element, as this is shown in Figs. 6 and
7. Reed 14 is identical with the reed of the pre-
viously described embodiments and has adjust-
able weight 36 secured to its free end, the said
weight being generally T-shaped with a trans-
verse portion 371 constituting the armature and
a longitudinal portion, or extension 38 constitut-
ing the adjustable weight proper. The trans-
verse portion is provided with two apertures
through which there may extend rivets 39 to se-
cure the same to the free end of reed 4. A hole
40 is provided in the midportion of weight 36 to
facilitate adjustment of extension 38. This com-
bination armature and adjustable weight hasbeen
found very satisfactory in practical operation and
frequency adjustment within close tolerances has
been readily obtained without any detrimental
influence on the normal operation of the vibrator.
It has been found more satisfactory than other
forms of adjustable weights with respect to the
range of adjustment, facility of assembly, and
freedom from operational interference.

From the foregoing considerations it is clear
that manually - of automatically adjustable
weight may be advantageously employed for the
following purposes:

1. Adjustment of frequency.

The frequency of the vibrator may be readily
adjusted to the desired value after the assembly
by means of the embodiments of the invention
shown in Figs. 3 and 4 and Figs. 6 and 7.

2. Frequency-temperature compensation.

The frequency of a vibrator may be maintained
constant regardless of temperature changes by
means of the embodiment of the invention shown
in Fig. 5. ;

3. Frequency-voltage compensation.

Frequency change with voltage in a vibrator
may be greatly reduced or even completely elim-
inated by means of the embodiment of the inven-
tion shown in Figs. 1 and 2.

In some instances it is desirable to combine two,
or more frequency-controlling elements of differ-
ent type in a single vibrator. As it has been set
forth in the foregoing, both frequency adjust-
ment and temperature compensation may be ob-
tained by means of a single bimetallic weight ini-~
tially bent into a desired shape and subjected to
further changes in shape by the effect of temper-
ature changes. However, a large decrease in the
temperature effect on the bimetallic member is
produced if it is initially so adjusted that the ex-
tension on said member to too nearly parallel to
the reed. In other words, the preferred condi-
tions of obtaining a good temperature control and
a good frequency adjustment cannot be easily
reconciled. Therefore, it is preferred to provide
a separate member for the temperature compen-
sation and for the frequency adjustment. A
modified embodiment of the invention accom-
plishing this result is shown in Figs. 8 and 9. It
will be noted that the illustrated structure is
simply a combination of Fig. 5 and of Fig. 6, one
~ side of reed (4 carrying the bimetallic weight 35,
while the other side thereof is carrying the ferro-
magnetic adjustable weight 36 combined with the
armature. Preferably, the extension of the bi-
metallic member is adjusted to be normally at
right angles to the reed. The operation of this
modified embodiment of the invention is ohvious
and will be readily understood by those skilled in
the art without any detailed description.

When it is desired to provide compensation for
voltage changes and also adjustment of the fre-
quency, the embodiments of Fig. 1 and of PFig. 6
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may be combined in a single vibrator, (Fig. 10.)
In this case a ferromagnetic member 22 is mount-
ed at the end of reed 14 and provides compensa-
tion for voltage or amplitude changes by initially
bending its extension into such a position that it
is under the influence of pole piece 13. The fre~
quency may be adjusted by means of another
ferromagnetic piece 36, combining the armature
and the adjustable weight in a single piece, which
is so mounted that its adjustable portion or ex-
tension 88 is not under the influence of the pole
piece 13. :

Fig. 11 shows a further modified embodiment
of the invention in which compensation for volt-
age changes is combined with compensation for
temperature changes. This is accomplished by
mounting on the free end of reed 14 a ferromag-
netic weight 22 of the type shown in Fig. 1, with
a bimetallic weight 35 of the type shown in Fig.
5. Pinally, in Fig. 12 there is shown a vibratory
structure in which provision is made for tempera-
ture compensation, voltage compensation and
also for initial adjustment of frequency. This
embodiment of the invention comprises a ferro-
magnetic member 22 of the type shown in Fig. 1
with its adjustable portion extending into such a
position as to be influenced by the field of pole
piece 13. In general, the extension will be ad-
justed to an angle less than 90 degrees to the
reed plane. Temperature compensation is ob-
tained by means of a bimetallic piece 35, the ex-
tension of which is preferably at right angles to
the plane of the reed. The adjustable weight 36
is constituted of ferromagnsétic material but it
is so arranged that its adjustable end is not under
the influence of the pole piece. It is desirable to
provide for adjustment of extension 38 of mem-
ber 36 through almost 180 degrees in order to ob-
tain the maximum range of control. For this
reason, it is preferred to mount it in such a man-
ner as is indicated in Fig. 12 so that the other
weights do not interfere with its bending. Mem-
bers 22, 35, and 36 are provided with registering
apertures and are secured to the free end of the
reed by means of rivets or eyelets 39. :

It will be noted that the principles of the in-
vention provide a number of important ad-
vantages. Thus, first of all, means are provided
to readily adjust the operating frequency of a
vibrator to a desired value without critical parts
selection so that uniform operating character-
istics may be obtained and maintained in quan-
tity production. Also, the first time in the his-
tory of the art, it is made possible to maintain
the frequency of a vibrator constant regardless
of temperature changes and of changes in oper-
ating voltage. Moreover, the structures em-
bodying the invention are extremely simple and
inexpensive in character and may be easily ap-
plied to conventional vibrators without any ex-
pensive changes in the manufacturing equip-
ment or procedure. ‘

While the present invention, as to its objects
and advantages, has been described as carried out
in specific embodiments thereof, it is not desired
to be limited thereby but it is intended to cover
the invention broadly within the spirit and scope
of the appended claims.

What is claimed is: :

1. A vibratory electromagnetic motor compris-
ing in combination a vibratory .reed clamped at
one end thereof and carrying a ferromagnetic
armature at the other end thereof, a system of
contacts operable by said reed, a driver coll
adapted to be periodically energized throneh said
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contacts to apply deflecting force to said arma-
ture and thus to maintain the reed in vibration,
and a deformable ferromagnetic metallic plate
having a transverse portion fixed on said reed
away from the clamped end thereof and having
a longitudinal portion adapted to be bent with
respect to the reed to be adjusted in a magnetic
sense with respect to said driver coil thereby to
control the operating frequency of said inter-
rupter.

2. In a vibratory electromagnetic motor in-
cluding a reed mounted for vibration with elec-
tromagnetic driving means therefor, the im-
provement which comprises a deformable ferro-
magnetic metal plate having one end secured to
said reed and having a free portion adapted to
be bent with respect to the longitudinal axis of
the reed and to be adjusted in a magnetic sense
with respect to said driving means thereby to
vary the operating frequency of the interrupter,
and a weakened region in said plate to facilitate
bending thereof in such region.

3. A vibratory electromagnetic motor compris-
ing in combination a vibratory reed clamped at
one end thereof, a ferromagnetic member having
one portion secured to the free end of said reed
to constitute an armature therefor and having
another portion deformable for adjusting the fre-
quency of vibration of said reed through a com-
bined change of initial reed balance and of mag-
netic braking, said deformable portion having a
differential magnetic effect upon said armature
during its motion, a system of contacts operable
by said reed, and a driver coil adapted to be
periodically energized from a source of current
through said contacts thereby to maintain the
reed in vibration.

4. A vibratory electromagnetic motor compris-
ing in combination a vihratory reed clamped at
one end thereof, a ferromagnetic plate having a
transverse portion secured across the free end of
said reed and forming an armature therefor and
having a deformable longitudinal portion forming
an adjustable weight as well as a magnetic break
for the reed, said deformable portion having a
differential magnetic effect upon said armature
during its motion, a system of contacts operable
by szid reed, and a driver coil adapted to be peri-
odically energized from a source of current
through said contacts to apply deflecting force to
said armature thereby to maintain the reed in vi-
bration, the frequency of said vibration being ad-
justable by bending the deformable portion of
said weight for a new initial position in a mag-
netic sense with respect to said coil.

5. A vibratory electromagnetic motor compris-
ing in combination a vibratory reed, a system of
contacts operable by said reed, means including
a driver coil under the control of said contacts
for maintaining the reed in vibration, and a ferro-
magnetic member secured to said reed and having
an extension protruding into a position where
it is under the influence. of said coil to produce a
differential magnetic effect upon said armature
during its motion whereby said member will with-
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draw energy from the vibratory system of said
interrupter and will reduce the operating fre-
quency thereof.

6. A vibratory electromagnetic motor compris-
ing in combination a vibratory reed, a system of
contacts operable by sald reed, means including a
driver coil periodically energized under the con-
trol of said contacts and a pole plece for main-
taining the reed in vibration, and a ferro-mag-
netic member having one end secured to the free
end of said reed and having a portion extending
therefrom into a position where it encloses an
angle less than 90 degrees with the plane of the
reed, said portion being under the influence of
said pole piece to produce a differential magnetic
effect upon said armature during its motion and
thereby being capable of maintaining the oper-
ating frequency of the interrupter constant re-
gardless of changes in input voltage.

7. A vibratory electromagnetic motor compris-
ing in combination a vibratory reed, a system of
contacts operable by said reed, means including
a driver coil periodically energized under the con-
trol of said contacts and a pole piece for main-
taining the reed in vibration, a ferromagnetic
weight secured to said reed and having an exten-
sion under the influence of said pole piece to
produce a differential magnetic effect upon said
armature during its motion stabilizing the fre-
quency of said interrupter against voltage
changes, and a temperature-responsive bimetallic
weight secured to said reed for changing the ini-
tial balance of said reed and for stabilizing the
frequency of said interrupter against temperature
changes.

8. In a vibratory electromagnetic motor in-
cluding a reed mounted for vibration and electro-
magnetic driving means therefor, the improve-
ment which comprises a bimetallic plate having
one end secured to said reed near the free end
thereof as part of an armature and having its
other end extending away from said reed in the
form of a balance substantially normal thereto,
the free end of said plate responding with changes
of shape to temperature changes without chang-
ing the armature air gap, the operating frequency
of the vibrator being maintained constant by cor-
recting the altered initial balance of said reed due
to such temperature changes.
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