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

As those skilled in the art know, vibratory in-
terrupters may be considered to be vibratory sys-
tems in which damped forced vibrations are set
up. For very low frequencies the damping is
also very low so that the forcing power input
may be likewise quite Jow. PFor higher frequen-
cies the damping becomes greater and more
power input to the system is required unless the
system is modified to keep the damping low.
Damping has the further effect of reducing the
frequency of the vibratory system below its nat-
ural frequency as determined by its masses and
.compliances. )

The simplest and most economical vibrator is

the one having a single driver coil. This results,

however, in an asymmetrical effect due to the
unequal distribution of the magnetic driving
force over a cycle of the vibrator armature.
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Therefore, if damping can be kept low, the power .

input and its accompanying asymmetry may be
reduced and the frequency may be increased
by virtue of the low damping itself.

The major portion of damping in a vibrator
-results from one contact striking another. ‘This
produces spurious high-frequency vibrations re-
sulting in contact chatter and reflects vibrations
into other parts of the vibratory system. Since

the contacts must come together during the nor- -

mal operation of the vibrator, they will do so with
a finite velocity and it cannot be expected to com-
pletely eliminate this effect. The lost energy
may be represented by the expression %LMV3,
where M is the mass of the contacts and associ-
ated parts and V is their velocity at “make.” M
may be somewhat reduced by reducing the mass
of the contacts but very little improvement may
be expected in this direction as a reasonable
length of vibrator life is predicated upon the
provision of satisfactory contacts. On the other
hand, V may be reduced without detrimental ef-
fects, and, as a matter of fact, such reduction of
V is desirable because the loss of energy is pro-
portional with the square of V.

Another factor determining damping is the
sliding of one contact surface against another
during the time the contacts are together. Unless
this contact sliding is minimized, variation of
contact surfaces with life causes asymmetrical
effects and considerable damping. .

At the present time, the best method of ob-
taining a low V at make is to tune the reed arms
so that the natural frequency of each of said
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arms is equal to N times the nafural frequency
of the reed, where N i1s an odd integer, This
principle and its practical applications to a vi-
bratory interrupter are disclosed in U, S, Patent
No. 2,197,607 to Harold J. Brown, issued on April
16, 1940. Although this principle has provided
excellent results and permitted the manufacture:
of vibrators having superior operational char-
acteristics, certain difficulties have been expe-
rienced in manufacturing such vibrators on a
quantity production scale. As the synchroniza-
tion of the tuned reed arms depended upon the
perfect selection and accurate relation of the
masses and compliances of the several parts and
since parts and dies must have certain practical
tolerances and the selection of parts also requires
tolerances, perfect synchronization was difficult
to attain and to maintain from day to day in
large scale production without a relatively great
expenditure of time and labor.

It is an object of the present invention to pro-
vide a solution for the outstanding problem and
to eliminate the foregoing difficulties expe-
rienced in the manufacture of vibrators of the
described type.

It is another object of the present invention to .
provide a vibrator of novel and improved char-
acter in which the advantages of frequency cor-
relation of the several vibratory parts, including
reduction of the velccity of contact “make,” may
be obtained without critical parts selection and
with reasonable manufacturing tolerances which
may be considerably higher than heretofore pos-
sible.

It is a further object of the invention to pro-

" vide a vibratory interrupter in which not only the
reed or contact arms but also the side arms are
tuned to frequencies in. predetermined harmonic
relation to the reed frequency with attendant
reduction in the velocity of contact “make” and
increase in the operational efficiency of the vi-
brator.

It is also within the contemplation of the in~
vention to provide g vibrator in which both the
reed arms and the side arms are tuned so that
tuning of each tunable part is attained at different
points and the vibrator may be properly adjusted
somewhere between the ftunable points of the
component parts, thus permitting reasonable
manufacturing tolerances.

The invention also contemplates a vibratory
interrupter with reed, reed arms, and side arms
tuned to harmecnically related frequencies which
combines high operational efficiency with sim-
plicity of construction and manufacture,
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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:

 PFig. 1 illustrates a graph representing the con-
tact separation during the “off~contact” time in
a vibrator; and )

Fig. 2 depicts -a circult diagram of one type of
circuit in which the vibrator of the invention
may be used.

While a preferred embodiment of the inven-
tion is described herein, it is contemplated that
considerable 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 convenience, 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. 2 of
the drawing, the vibrator of the invention is
shown in a diagrammatic manner in a conven-
tional circuit organization. The vibrator essen-
tially comprises a vibratory reed 10 clamped in
a stack i1 at one end thereof and carrying an
armature or weight 12 at the other end thereof.
Reed 10 has a pair of reed or contact arms i4
secured to an intermediate portion thereof,
carrying at their ends vibratory contacts 5.
The said vibratory contacts cooperate with rela-
tively stationary contacts 16, mounted at the
ends of side springs 11, which are likewise clamped
in stack 11. The two side springs are connected
to the two ends of primary winding 18 of a
transformer 19, a source of low voltage direct cur-
rent 20 being connected between reed 10 and
the center tap of the primary winding. A driver
coil 21 is connected between reed 10 and one
of side springs 11. As those skilled in the art
know, in a circuit of the described type reed 10
will be maintained in continuous. vibration and
current from the source will be alternately
passed in opposite directions through the two
halves of the primary winding in a manner well
understood. A high alternating voltage will be
induced in secondary winding 22 of the trans-
former, and such voltage may be rectified in any
conventional manner, such as by means of recti-
fier tubes or by means of a set of synchronous
rectifier contacts carried by the reed.

Brozdly stated, the preferred procedure for
obtaining a low velocity V of contact ‘“make”
is to tune the reed arms to a frequency har-
monically related to the reed frequency. In
such case, the frequency of the tuned vibratory
member may be represented by the equation:

7. FeN+.5)
R

2

where Fu is the frequency of the oscillating mem-
ber during “off contact” time, Fr is the reed or
armature frequency, N is an integer, and W is
the vibrator “time efficiency.”

The application of the above equation to the,
described vibrator structure may be better un-
derstood in the light of the following descrip-
tion. Assuming that the vibrator is function-
ing, each operating cycle consists of a period when
the upper set of contacts 5, 16 is closed, a period
during which the lower set of contacts 15, 16
is closed, and an interval when both sets of con-
tacts are open. The vibrator “time. efficiency”
W expresses the percentage of each cycle during

which one or the other set of contacts is closed.

CAs 8 result, the symbol
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2
denotes the percentage of each cycle during
which any one individual set of contacts is closed.
Accordingly, the expression ‘ i

j QLS

represents the percentage of each cycle when
any one individual set of contacts is open.

According to one aspect of the invention, it is
desired that the upper reed arm 17 and contact
{6, for example, shall vibrate through an odd
number of half cycles during each open contact
period. That Is to say, the unit consisting of
upper reed arm IT and contact 1§ must make
(N+.5) vibrations during each open contact pe-
riod, the length of which, as previously stated,
may be represented by the expression

w

=7
This factor multiplied by the reed frequency Fr
obviously yields the necessary tuned frequency
Fh of the vibrating unit to cause it to vibrate
through an odd number of half cycles during
each open contact period. The desired relation
is shown by the upper part of the graph in Fig-
ure 1 wherein it will be noted that the side arm

~ vibrates through seven half cycles during a single
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open contact period, the length of which is rep-
resented by the abscissa of the “armature” curve.

If the oscillation of the tuned side arm is plotted
during the off-contact interval and the effective
armature motion on the mating contacts is sub-
tracted therefrom, & graph indicating the con-
tact separation during the “off-contact” time is
obtained, as this is indicated in Fig. 1. It will

‘be noted from this figure that the contact sepa-

ration changes slowly at time

w
=2
F,
in other words V is small at the time the contacts
make. The graph of Pig. 1 has been obtained
by making N equal to 3, but similar conditions
will result for other integer values of N. How-
ever, for any value of N it will be found that the
vibrators can stand a limited variation in their
various compliances and masses and still may uti-
lize this effect to advantage. The necessary lim-
its are difficult to hold in production because of
the peaked resonance characteristics of a me-
chanical vibratory system of low damping.

In accordance with the invention, the prob-
lems arising from the aforesaid peaked resonance
characteristics are eliminated or substantially
minimized by selecting the natural frequencies
of both the reed arms and the side arms in ac-
cordance with the aforementioned formula and
in accordance with the principles now to be ex-
plained. For convenience, when the frequency
relationship established by the formula exists
between the reed arms or side arms and the reed,
that is when the reed arms or side arms vibrate
through an odd number of half cycles during each
open contact period, the reed arms or side arms
will be said to be in synchronism with the reed
or to have maximum tuning. It has been found
that when the side arms are adjusted so that
they are in synchronism at a frequency slightly
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~ above the frequency of the vibrator and the reed
arms are in synchronism at a frequency slightly

lower than that of the vibrator, the problem of

peaked resonance characteristics is substantially
eliminated but the advantages of the invention
In reducing the velocity of contact making and
breaking are nevertheless obtained. This also
holds true when the reed arms are in synchro-
nism at a frequency slightly higher than that of
the vibrator and the side arms are in synchro-
nism at a frequency slightly lower than that of
the vibrator.

It will be understood also that, when the reed

10

arms are adjusted, according to the formula, to .

have a predetermined natural frequency, there
will be several reed frequencies, herein referred
to as synchronously related reed frequencies, at
which the condition of synchronism or maxi-
mum tuning will oceur. Likewise, for a given
predetermined natural frequency of the side
arms, thefe will be several reed frequencies at
which synchronism will occur. At any of these
reed frequencies, the advantages of the inven-
tion resulting from decreased velocity of contact
making and breaking are obtained. These facts
may be better understood by reference to Figure
1 wherein it will be seen that the side arms are
in synchronism since they pass through seven
half cycles during each open contact period, the
length of said open contact period being defined
by the abscissa of the “armature” curve. It will
be apparent that the side arms will also be in
synchronism with the reed at a synchronously
related reed frequency such that the armature
curve includes only five half cycles of the side
arm curve. Similar conditions will prevail when
the reed frequency is such that the armature
curve includes nine or any other odd number of
half cycles of the side arm curve. At each of
.the synchronously related reed frequencies de-
termined by the above conditions, the problem
arising from peaked resonance characteristics
may be eliminated by insuring that the reed arms
are in synchronism at a frequency slightly higher
than that of the vibrator while the side arms
are in synchronism at a frequency slightly lower
than that of the vibrator, or vice versa. Alter-
natively, good results may be obtained by adjust-
ing the reed arms for maximum tuning at two
synchronously related reed frequencies in the
manner just described and adjusting the side
“arms for maximum tuning at an intermediate
frequency between said synchronously related fre-
quencies. Obviously, the side arms may be ad-

justed for maximum tuning at two synchronously”

related reed frequencies and the reed arms ad-
justed to the intermediate frequency, if desired.
While the improved damping qualities and ad-
vantages resulting from decreased contact veloc-
ity are not to pronounced in this case as in the
eXamples previously discussed, considerable im-
brovement over conventional vibrators is never-
theless obtained. The last modification has the
additional advantage that it is not at all critical
as to frequency but, instead, gives improved re-
sults over a large band of vibrator frequencies.

In order to give those skilled in the art a better
understanding of the invention, the following
numerical example may be given:

Let it be assumed that a vibrator is required
to have a frequency of 250 cycles per second, plus
or minus 10 cycles per second. In accordance
with the invention, the reed arms would have
maximum tuning at 240 cycles per second, and the
side arms would have maximum tuning at 260
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cycles per second reed frequency. In this case
let N equal 3 and the vibrator time eficiency W
equal 90%. The reed arm compliance and the
assoclated contact mass should be such that the
resonant frequency will be:
F,.-fF"(N*'s) —240(?33) =1526 cycles/sec,
B |
At the same time the side arm compliance and
the associated contact mass should be so selected
that its resonant frequency will be:

ph=F_ﬂli;%Q=260 i;g)=1654 cycles/sec.

P

- When the reed arm and side arm frequencies -
are approximately as given in the foregoing equa-
tions, then the closer the vibrator frequency is to
240 cycles per second, the more aptly the reed
arms will tend to assume maximum tuning and

. "the closer the vibrator frequency comes to 260
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cycles per second, the closer the side arms will
come to assuming maximum tuning action. In
other words, with a. wider variation of com-

‘bliances and masses, the vibrator will still be

properly tuned for best operation.

Considering the foregoing specific example in
a more general way, let it be further assumed that
the production tolerances were such that it was
necessary to have an even greater range of fre-
quency and that a certain number of vibrators
would operate at less than 240 cyecles per second.
Of course, the resonant frequencies of the con-
tact bearing members would be substantially the
same as with the higher frequency units. In
this case, the side arms would come into syn-
chronization but instead of oscillating 3.5 eycles
during the off-contact interval, the side arms
would oscillate 4.5 cycles during the same in-
terval. The frequency for perfect synchroniza-
tion would be: . .

pr h(lf%v)_mmcss)
T TUN¥s T 45

In this numerical example, the frequency of
the side arms is 1654 cycles per second, that is,
“suitable” for N=3 and N=4, By “suitable,”
it is meant that the selection of N is restricted
by the design and by the general characteristics
of the vibrator. For example, N could not be
much greater than 4, because otherwise the
amplitude of harmonic motion would be too
small.- On the other hand, if N were too small,
the harmonic motion amplitude might be too
great for this particular design. In general,
in the instant case, the side arms will all have
the same resonant frequency such as 1654 cycles
ber second, and the reed arms will likewise all
have the same resonant frequency, such as 1526
cycles per second.

There are a number of variables which de-
termine the vibrator frequency, some of all of
which may vary from unit to unit. These vari-
ables include not only the masses and compliances
of the system, but also the contact spacing, alr
gap spacings, voltage range, etc. Let us take
cases where the weights (one of the variables),
are such as to give reed frequencies in the range
of 202 cycles per second to 260 cycles per second.

In a 202 cycle vibrator (heaviest welght), the
side arms will oscillate harmonically at maxi-
mum amplitude. .

=202 cycles/sec.
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In a vibrator whose frequency is greater than
202 cycles per second but less than 240 cycles per
second (heavy welght), the side arms and reed
arms will both oscillate but at less than maxi-
mum amplitude.

In a 240 cycle vibrator (medium weight), the
reed arms will oscillate harmonically at maximum
amplitude.

In s vibrator whose frequency is greater than

240 cycles per second but less than 260 cycles per
second (light welight), the side arms and reed
arms will both oscillate but at less than maximum
amplitude, . >

In a 260 cycle vibrator (lightest weight), the
side arms will oscillate harmonically at maximum
amplitude. -~ )

In each of these cases, the mating contacts will[

" experience the desired hg.rmomc motion due to

‘is the fractional part of the period of a cycle dﬁr-

ing which no contact engagement exists, and
electromagnetic driving means under the control
of said contacts to maintain the reed in vibration.,

3. A vibratory interrupter comprising in com-
bination & vibratory reed the frequency of which
is in the range of Fi to Fy, a tuned reed arm for
each side of said reed having one end fixed there-

. on and supporting a contact for vibration at its
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the motion of the reed arms, the side arms, or

poth. In other words, the advantages of the in-
vention, such as the low velocity contact “make,”

20

are readily and positively obtained for a very wide

range of vibrator frequencies. .
 In self-rectifying vibrators in which the rec-
tifier contact time efficiencies are lower than the
interrupter contact time efficiencies, the optimum
rectifier side arms resonant. frequency will be
slightly lower, as calculated by the equation.
‘While the present invention, as to its objects
and advantages, has been described herein as
carried 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 & vibratory reed the frequency of which
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may vary between F: and F2 clamped at one end -

thereof and having an armature mounted on the
other end thereof, a tuned reed arm for each side
‘of sald reed having one end secured to the reed
and bearing a vibratory contact at its other end,
a tuned side arm for each reed arm clamped at
one end and bearing a relatively stationary con-
tact at its other end adapted to cooperate with the
respective vibratory contact, and electromagnetic
driver means under the control of said contacts
to maintain the reed in vibration, the frequency
of said tuned reed arms during off-contact time
being harmonically related to F1 and the fre-
quency of said tuned side arms during off-contact
time being harmonically related to Fz whereby a
low contact-making velocity of said cooperating
contacts is obtained throughout the frequency
range of the vibratory reed.

2. A vibratory interrupter comprising in com-
bination a vibratory reed the frequency of which
is in the range F1 to Fa, a first set of contacts
supported by said reed and having a resonant
frequency of about

p D
1=9

a second set of contacts adapted to cooperate with
said first set supported independently of said reed
and having a resonant frequency of about

(N+.5)
W

2
wherein N is an integer and

Fy

f— o
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other end, a tuned side arm for each reed arm
fixed at one end.and supporting a contact for
vibration and cooperation with a reed arm con-
tact at its other end, and a driver electromagnet
under the control of said contacts for maintain-
ing the reed in. vibration, the resonant frequency
of said reed arms being approximately ’

FI(N—*—V'{:))

and the resonant frequency of said side arms
being approximately ’

Fz(N+’5)

w
=5

wherein N is an integer and

w
1 5
is the fractional part of the period of a cycle
during which no contact engagement exists.

4. A vibratory interrupter comprising in com-
bination, a vibratory reed, a set of reed arms
mounted on said reed, a vibratory confact carried
by each of said reed arms, a relatively fixed con-
tact adapted to cooperate with each of said vibra-
tory contacts, a set of side arms, one for sup-
porting each of said fixed contacts, and electro-
magnetic driving means under the control of
said reed to maintain the reed in vibration, one
of said sets of arms being tuned to synchronism
at a frequency slightly higher than that of the
reed, the other set of arms being tuned to syn-
chronism at a frequency slightly lower than that
of the reed.

5. A vibratory interrupter comprising, in com-

“bination, a vibratory reed the frequency of which

may be between two predetermined. values
clamped at one end thereof and carrying an
armature at the other end thereof, a set of reed
arms, one of which is mounted on each side of
said reed, a vibratory contact at the end of each
of said reed arms, a relatively fixed cooperating
contact for each vibratory contact, a set of side
arms for supporting the respective fixed contacts,
and a driver coil under the control of said reed
to apply deflecting force to said armature thereby
to maintain the reed in vibration, one of said sets
of arms being tuned to synchronism with the
reed at the higher of said two predetermined fre-
quency values, the other of said sets of arms being
tuned to synchronism with the reed at the lower
of said two predetermined frequency values.

6. A vibratory interrupter comprising, in com-
bination, a vibratory reed the frequency of which
may be between F1, and Fz clamped at one end
thereof and having an armature at the other end
thereof, a set of arms, one of which is mounted
on each side of said reed, a vibratory contact at
the end of each of said reed arms, a relatively
fixed cooperating contact for each of said vibra-
tory contacts, a set of side arms supporting the
respective fixed contacts, and a driver electro-
magnet adapted to be energized under the control
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of said contacts to apply deflecting force to said
armature and to maintain the reed in vibration,
one of said sets of arms heing tuned to vibrate
through an odd number of half cycles during each
open contact period when the reed is vibrating
at frequency F, the other of said sets of arms
being tuned to vibrate through an odd number
of half cycles during each open contact period
when the reed is vibrating at frequency F2: where-
by a low contact-msaking velocity of said coop-
erating contacts is obtained. ‘ .

7. A vibratory interrupter comprising in com-
bination a vibratory reed, a tuned reed arm for
each side of said reed having one end secured
thereto and supporting a contact for vibration at
its other end, a tuned side arm for each reed arm
clamped at one end and supporting a contact for
vibration and for cooperation with a reed arm con-
tact at its other end, and electromagnetic driver

means under the control of sald reed to maintain’

the reed in vibration, the compliance of and the
contact mass carried by one set of said arms being
so determined that said set of arms is in syn-
chronism with the reed at two synchronously
related reed frequencies, the compliance of and
the contact mass carried by the other set of said
arms being so determined that said set of arms is
in synchronism  at an intermediate frequency
between said synchronously related frequencies.

8. A vibratory electromagnetic interrupter
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comprising in combination a vibratory reed
clamped at one end thereof and having a ferro-
magnetic weight at the other end thereof, a tuned
reed arm for each side of said reed having one end
fixed on the reed and supporting a contact for
vibration at its other end, a tuned side arm for
each reed arm fixed at one end and supporting a
contact for vibration and cooperation with a reed
arm contact at its other end, and a driver electro-
magnet asymmetrically mounted with respect to
the reed adapted to apply deflecting force under
the control of said contacts to said weight and to
maintain the reed in vibration, one set of arms
being tuned for synchronism with the reed at two
synchronously related reed frequencies, the other
set of arms being tuned for synchronism with the
reed at an intermediate frequency between said
synchronously related reed frequencies.
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