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{(57] ABSTRACT

In a buzzer assembly having an electromagnet having
a core and a coil, a driving electronic circuit unit for
the latter, a mechanical vibrator unit for being driven
periodically by said electromagnet for performing a
vibratory movement, and a mechanical resonator unit
for receiving vibratory movement from the vibrator
unit, all the foregoing units being mounted on a sta-
tionary base plate, the improvement resides in that the
core and at least a pillar-like supporting member are
fixedly mounted at a predetermined and precise mu-
tual relationship for serving as guide means for succes-
sive assembly of all the said units excepting the core,
and said vibrator and resonator units are fixedly
mounted on said pillar-like supporting member or
-members.

§ Claims, 21 Drawing Figures
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1
CONTACTLESS BUZZER

BACKGROUND OF THE INVENTION

The present invention relates to improvements in and
relating to a contactless buzzer unit having a resonant
sheet for delivery of audible alarm sounds in response
to mechanical vibration transmitted resonantly thereto
from a vibrator when the latter is brought into vibration
by energization of a cooperating electromagnet.

As is commonly known, there are two general cate-
gories of buzzers which are naturally converters
adapted for converting electric energy into mechanical
vibration. The first one is of the traditional contactor
type having electrical contacts on-off controlled me-
chanically. The second one is of the rather modern
contactless type having no such mechanically con-
trolled electrical contacts. The first type buzzer is
rather economical, but it represents a fatal defect of
shorter durable life due to considerable wear of the
contacts. While the second type buzzer has no such
drawback as above and is reliable in its operation, it is
highly expensive.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
contactless buzzer having an improved and reliable
tone quality.

A further object is to provide a contactless buzzer of
the above kind which is highly adapted for mass pro-
duction.

These and further objects of the invention will appear
more apparent when reading the following detailed de-
scription of the invention, together with the related
known principles of the art and by reference to the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a schematic section of a contactless buzzer
for the illustration of its main constituent parts and its
basic working principles.

FIG. 2 is a perspective view of a base plate as a con-
stituent of the contactless buzzer of the present inven-
tion.

FIG. 3 is a perspective view of an electromagnetic
drive circuit block employed therein.

FIG. 4 is a perspective view of a semi-assembly of the
block shown in FIG. 3 with the base plate shown in
FIG. 2.

FIG. § is a perspective view of a vibratory member
employed.

FIG. 6 is a diametral section of the vibratory mem-
ber, taken along a section line A - A’ shown in FIG. 5.

FIG. 7 is an exploded perspective view of several
constituent parts of a mechanical resonator.

FIG. 8 is an axial section of the mechanical resonator
having its several constituent parts shown in FIG. 7, as-
sembled together.

FIG. 9 is a perspective view illustrative of a proce-
dure for economizing the assembly job for the resona-
tor.

FIG. 10 is an axial section of the buzzer according to
the sole embodiment of the invention and shown in its
assembled entirety.

FIG. 11 is a wiring diagram of the circuit part of the
buzzer according to this invention,

FIG. 12 is a wave form chart showing several electric
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wave forms appearing at several points of the buzzer.

FIG. 13 is a chart showing several characteristic
curves of a transistor employed.

FIG. 14 is a chart showing characteristic curves of a
diode employed.

FIG. 15 is a similar view to FIG. 10, showing a slightly
modified buzzer from the foregoing, operate on the a.c.
principle in place of the d.c. principle.

FIG. 16 is a wiring diagram of an a.c.-circuit em-
ployed in the modified embodiment of the buzzer
shown in FIG. 15.

FIGS. 17 - 19 are several perspective views of modi-
fied base plates from that shown in FIG. 2.

FIG. 20 is an exploded perspective view of a modified
resonator from that shown in FIG. 7.

FIG. 21 is an axial section of the modified resonator
the constituent parts of which have been shown in FIG.
20.

DETAILED DESCRIPTION OF THE INVENTION

In the following, a main embodiment of the inven-
tion, together with several modifications thereof, will
be described in detail by reference to the drawings.

In FIG. 1, showing a contactless a.c.-type buzzer, nu-
meral 1 represents a core which is fitted with a bobbin
2 mounted thereon and having an operating coil 3 con-
nected with an a.c. power source 100 which may be re-
placed, however, by a pulse generator although not
shown. By the alternating or on-off energization of the
coil 3, a resilient vibrator 4 supported fixedly at its root
end, not shown, is electromagnetically brought into vi-
bration, and thus, the electromagnet 1, 2 and 3 acts as
z kind of converter for converting the fed electrical en-
ergy into electromagnetic one, so as to vibrate mechan-
ically the vibrator 4. At the tip or operating end of the
vibrator arm, a projection § is provided for mechani-
cally and periodically striking a mechanical resonator
6 positioned in proximity of the arm 4, thereby deliver-
ing alarm sounds. At the opposite surface of the vibra-
tor arm to the said projection, an iron or permanent
magnet piece 7 is fixedly attached to the arm for im-
proving the attraction of the arm by and towards the
core 1. In this way, the vibrator arm 4 can generate
alarm sounds. By properly selecting the spring force of
arm 4 and the electromagnetically attracting force, the
vibrator arm can vibrate without any contact of the
piece 7 with the core.

In the above-kind of buzzer, a first gap distance G1
between the top end of core 1 and the lower surface of
piece 7, and a second gap distance G2 between the top
end of projection § and the lower surface of resonator
6, play an important role on sound quality as well as
sound pressure to be delivered and thus, these dis-
tances should be set precisely to respective design val-
ues.

With G2 larger than G1, the piece 7 will strike
against the core top during operation of the buzzer and
the projection 7 will strike against the resonator 6 only
in a weakened way, thereby the sound pressure being
correspondingly weakened disadvantageously.

When G2 is equal to G1, the projection 5 and piece
7 will strike against the resonator and core top, respec-
tively, during operation of the buzzer, thereby, how-
ever, the striking action upon the core being highly un-
stable. Thus, in this case, generation of unpleasant
knocking sounds and unstableness in alarm noise deliv-
ery can not be avoided.
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With G2 being smaller than G1, the reversed and fa-
vorable sound generating conditions can be realized.
However, in this case, the ratio between G1 and G2
should be set in the order of 4 : 1, as being determined
by our practical experiments on our commerciallized
products. According to the present invention, variation
of gap dimensions at G1 and G2 can be set to a possible
minimum and otherwise necessary after adjustments of
these gaps can be obviated even in a large scale produc-
tion of the buzzers concerned, as will become more
clear as the description proceeds.

Now, referring to FIG. 2, a plurality of, herein three,
stud sleeves 8A, 8B and 8C and core piece 1 are fixedly
mounted on a punched-out base plate 9 by press fit par-
tially into corresponding or occasionally reduced per-
forations punched through the material of said base
plate 9 in respective positions as shown. As will be
mentioned more specifically, the assembly job is car-
ried out by reliance on these pillar-like members 1; 8A;
8B and 8C.

In FIG. 3, an electromagnetic circuit block is shown,
as having a printed circuit board 10, the arrangement
of the printed circuit applied thereon being, however,
omitted from the drawings, because it does not consti-
tute part of the present invention. In this block, a bob-
bin 2 which is similar to that shown in FIG. 1, carrying
a coil 11 similar to that denoted 3 shown therein, is
fixedly mounted on the board 10 which further mounts
fixedly a transistor 12, a resistor 13 and a diode 14.
Lead means connecting them mutually and to corre-
sponding parts of the printed circuit are shown only
schematically for establishing necessary electrical con-
nections and/or for providing fixed mounting of these
constituent parts.

A plurality of, herein three, circumferential recesses
15 are formed on the periphery of board 10 in angular
correspondence with said three studs 8A, 8B and 8C.

The assembled mode of these two semi-assemblies
shown in FIGS. 2 and 3 is illustrated in FIG. 4. The as-
sembly job is carried out from upper by reliance on the
respective engagement of studs 8A, 8B and 8C with the
respective recesses 15. Bobbin 2 is formed with a cen-
tral opening 16 axially passing therethrough for recep-
tion of the core 1 when assembled. In this case, the
head of the bobbin 2 is attached fixedly to the base 9
by previous application of a proper adhesive resin
binder. In this way, an electromagnetic drive unit can
be provided. In this case, the length of the core 1isso
selected that the top end at 1’ of the core 1 slightly
projects above the upper surface of board 10 when as-
sembled.

Upon further assembly, as will become more appar-
ent as the description proceeds, the piece 7 of iron or
permanent magnet material and carried on the free end
of vibratory arm 4 is positioned in close proximity of
the top-end 1’ of core 1.

By the provision of the peripheral recesses 15, the se-
miassembly shown in FIG. 4 has a strong rigidity in the
lateral direction, in addition to the easy and accurate
assembly capability mentioned above.

As shown in FIGS. 5 and 6, the root end of the vibra-
tor arm 4 is united with a ring support 101 having three
angularly separated perforations 102 adapted for
snugly engaging with top parts of studs 8A, 8B and 8C,
respectively, when assembled from upper with the se-
miassembly shown in FIG. 4.
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The vibrator 4; 101 is fabricated from a sheet stock
by punching out. Thanks to the above structure of the
vibrator 4; 101, an erroneous positioning of the piece
7 relative to core can be positively prevented without
execution of any after-adjustment thereagainst. In this
case, the pillar-like studs 8A, 8B and 8C will serve well
for this purpose by providing best guidance means.

A mechanical resonator comprises several parts
shown in FIG. 7 and is shown in its semiassembled state
in FIG. 8. In these figures, numeral 6 represents a reso-
nator as before, which has been formed into a disc
sheet; 18 and 18’ carrier rings for the latter; and 19 and
19’ ring-shaped adhesive layer materials, respectively.

The adhesive layer material may preferably be a
shaped elastomer or synthetic rubber. By adopting this
kind of elastomer, higher harmonics may be effectively
absorbed, thereby improving and stabilizing the tone
quality of the alarm sounds. If necessary, however, the
adhesive layer ring sheets 19 and 19’ may be replaced
by a liquid adhesive.

As a convenient measure, a sheet stock 18 or 18’ be-
fore punching out the rings 18 or 18’, is applied with
adhesive elastomer sheet 19 or 19’ before punching out
the corresponding rings and the thus formed semias-
semblies are then punched as to provide respective
rings, as may be easily supposed from FIG. 9.

As shown in FIG. 7, each of the disc and rings 18; 19;
6; 19’ and 18’ is formed with three angularly spaced,
small perforations, so as to engage with three studs 8A,
8B and 8C, respectively, when assemblying together.

For providing the resonator semiassembly shown in
FIG. 7, the said disc and rings are compacted together
by placing the disc 6 at the middle center, by pressing
them under pressure, upon properly and mutually cen-
tering by use of said small perforations as guide means
for this purpose.

The resonator semiassembly shown in FIG. 8 is fur-
ther assembled from upper with the foregoing semias-
sembly shown in FIG. 4, together, by placing the reso-
nator on the top ends of the pillar-like studs 8A, 8B and
8C having tapped top inside openings, respectively, as
representatively shown at 103 in FIG. 10 for the ap-
pearing specific stud 8B and then, all the thus assem-
bled semiassembly units are fixed rigidly in their rela-
tive position by set screws as at 104 threaded into said
tapped openings.

Finally, a flanged and cup-shaped cover housing 17
is bolted to the base 9, so as to house the said semias-
semblies comprising the electromagnetic driver unit,
vibrator unit and resonator unit, as shown in FIG. 10.

In the wiring schema shown in FIG. 11, numeral 12
represents a transistor; 13 a resistor; and 14 a
temperature-compensating diode; L1 and L2 represent
drive and sensing coil elements, respectively, wound on
the core 1 in the conventional bifilar mode, so as to
provide the coil mass 3. The aforementioned several
circuit elements are connected electrically one after
another as shown in FIG. 11, for providing a kind of
conventional blocking oscillator. This buzzer circuit
has terminals 105 and 106 which are connected to a
d.c.-power source, although not shown.

When source voltage is applied through the terminals
105 and 106 to the buzzer circuit shown in FIG. 11, a
positive feedback action will occur between coil ele-
ments L1 and L2, thus the circuit being kept in oscilla-
tion. By this blocking oscillation, current will be ap-
plied intermittently to the collector terminal of transis-
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tor 12 and thus, core 1 is energized intermittently in the
corresponding way. When core 1 is intermittently ener-
gized, iron or permanent magnet piece 7 is attracted
toward the core 1, together with the piece-carrying free
end of the vibrator arm 4 while, when the core is de-
energized, such attracting force will disappear and re-
turn to its original position due to its inherent resil-
iency, thereby said arm being kept in vibration. When
the vibrator arm initiates such vibratory movement, the
oscillation frequency, f1 of the buzzer circuit will be-
come synchronized with the resonance frequency f2 of
the vibrator arm by virtue of the thus modified mag-
netic resistance, thus a stabilized oscillation being con-
tinued. This stabilized relationship is shown in FIG. 12.

In the buzzer circuit, there is inserted a temperature-
compensating diode 14, and its operation will be de-
scribed by reference to FIGS. 11, 13 and 14.

FIG. 13 represents a characteristic chart, Vg¢ and I,
of the transistor 12, while FIG. 14 represents a charac-
teristic chart, Vg — Iz, of the diode 14.

If the diode 14 is dispensed with, and when it is as-
sumed that the operating point of the transistor at
25°C. positions at the point A" in FIG. 13. When it is
further assumed that the temperature rises up to 80°C,
then the operating point will shift to a certain point as
at B"', thus an excess current i, flows through the tran-
sistor, and the oscillating operation will be interrupted.
In this stage, the transistor conducts.

In the following, the state of the buzzer circuit fitted
with the diode 14 will be considered. In this case, the
shifting directions of the Vg - Ip-curve and Vgl
curve, being caused by the temperature rise, are same
with each other, and the shift will be made from point
A'" to point C"', thus a stabilized oscillation being ob-
tained in spite of the temperature rise. A similar com-
pensation will be made when encountered with a tem-
perature drop.

In this way, an adverse temperature influence can be
substantially obviated.

As was referred to hereinbefore, energization and de-
energization of the coil L1; L2 will bring core 1 and os-
cillator arm 4 into electromagnetic cooperation with
each other, so as to perform a highly stabilized oscilla-
tion, with the projection 5 striking the resonator sheet
6 periodically.

In the modified embodiment operating with a.c.-
current and shown only schematically in FIG. 15, the
foregoing printed circuit board 10 has been omitted.
Other constituents of the buzzer assembly and the
buzzer circuit are shown in FIGS. 15 and 16 with same
reference numerals as before, and thus, the structure
and operation of this modified buzzer of the a.c.-mode
can easily be understood without further analysis
thereof.

From the foregoing detailed description of the buzzer
according to this invention, the relative precise ar-
rangement and position of all the constituent parts can
be determined when assemblying, by the precise di-
mensioning and machining of the core and the pillar-
like studs on the base plate. The required precise di-
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mensioning of the aforementioned gaps G1 and G2 can
be realized in the same way, thus after-adjustment
thereof being dispensed with. The arrangement and po-
sitioning of the mechanical resonator can also be per-
formed in the similar manner.

By this feature, an automatic assembly of the buzzers
can be realized easily, in addition with the stabilized
and uniform sound delivery function.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are as follows:

1. A contactless buzzer comprising a base, a plurality
of spaced apart pillars secured to said based perpendic-
ular thereto, vibrator arm means having a free end ex-
tending in parallel spaced relation to said base and in-
cluding supporting means mounted on the tops of said
pillars, resonator means disposed parallel to said base
in contiguous relation to the upper surface of said sup-
porting means and including a resonator disc and a pair
of annular supporting rings disposed on opposite sides
of said disc adjacent the circumference thereof and
electro magnet means mounted on said base and in-
cluding a coil and a core with said core being disposed
perpendicular to said base in alignment with the free
end of said vibrator arm means.

2, A contactless buzzer as set forth in claim 1 wherein
said pillars are disposed along the arc of a circle, said
supporting means for said vibrator arm means is com-
prised of an arcuate member having the same radius as
said circle, and said annular supporting rings have the
same radius as said circle; said supporting means and
said annular supporting rings having aligned apertures
disposed in alignment with said pillars and means ex-
tending through said apertures to secure said vibrator
arm means and said resonator means to said pillars.

3. A contactless buzzer as set forth in claim 2 further
comprising a circular circuit board having a plurality of
peripheral notches corresponding to and cooperating
with said pillars and having an aperture through which
said core extends whereby said circuit board is sup-
ported by said coil and located relative to said pillars
by means of said notches.

4. A contactless buzzer as set forth in claim 1 further
comprising ring-shaped adhesive members disposed be-
tween said annular supporting rings and said resonator
disc.

5. A contactless buzzer as set forth in claim 1 wherein
said coil comprises a driver coil element and a sensor
coil element and further comprising an electronic drive
circuit having a transistor, said buzzer being character-
ized in that one end of said driver coil element is con-
nected to the collector electrode of said transistor and
the other end thereof is connected to the positive side
of a voltage source, the base electrode of said transistor
being connected with a resistor and said sensor coil ele-
ment, the opposite end of said resistor being connected
to said positive side of a voltage source, the opposite
side of said sensor coil element being connected
through a temperature-compensating diode to the

emitter diode of said transistor.
* % * * *



