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VIBRATING TOOTHBRUSH USING A MAGNETIC
DRIVER :

TECHNICAL FIELD

This invention relates generally to dental hygiene
devices and more specifically concerns a vibrating
toothbrush which includes a magnetic driver.

BACKGROUND ART

Power-driven toothbrushes are generally well-
known. Through the use of various driving mecha-
nisms, the bristles vibrate, oscillate or rotate so as to
remove dental plaque thoroughly and quickly. The
abrasion of gum tissue by use of excessive force (brush
action), however, has been recognized to be a possible
risk of power toothbrushes, and accordingly, many
current power toothbrushes are designed to minimize
abrasion of gum tissue as much as possible.

In addition to the use of such a toothbrush to remove
dental plaque, power toothbrushes have been designed
which produce an acoustical cleaning effect, which
increases general performance as well as cleaning the
subgingival area of the teeth between the teeth and
gums and demobilizing the motile bacteria therein. The
acoustic phenomenon is achieved by streaming/cavita-
tion of fluid in the mouth, either saliva or other fluid.
Examples of patents which teach a toothbrush produc-
ing the acoustic effect through sufficient bristle vibra-
tion include U.S. Pat. Nos. 3,924,335 and 3,809,977 to
Balamuth, and U.S. Pat. No. 4,787,847 to Martin. Ade-
quate cavitation to produce an acoustic effect requires a
minimum instantaneous pressure change in the cavita-
tional fluid in the mouth, which in turn requires a mini-
mum instantaneous velocity of the bristles.

Numerous drive system designs for such a toothbrush
have been designed. One example is shown in U.S. Pat.
Nos. 3,535,218 and 3,676,218 to Sawyer, which utilizes
a cantilevered beam arrangement with a fixed displace-
ment driving mechanism, i.e. a motor crank and actua-
tor arrangement. The beam is designed to operate as a
spring element, but is positioned between the driver and
the load, resulting in high source impedance and poor
resistance to damping. In U.S. Pat. No. 4,175,299 by
Teague, et al, an orbital brush arrangement is shown,
using a lever which operates through a pivot which in
turn converts the drive on one end of the lever to orbital
action on the other end of the lever. U.S. Pat. No.
4,149,291 to Stoltz is an example of a brush having an
elliptical motion which uses a crank-like configuration
operating through a pivot to convert the rotation of a
motor to the elliptical movement of the brushhead,
while U.S. Pat. No. 3,978,852 to Annoni teaches a pivot
arrangement in which the brush moves in a single plane.

All of these mechanically linked drive systems suffer
from several disadvantages. Friction due to several
surface-to-surface contact points in the various linkage
arrangements produce significant power loss and result
in rather low power efficiency for the various tooth-
brushes. While these disadvantages are not as significant
when the toothbrush is powered from a 120-volt wall
source, they do significantly limit the possibility of a
battery-powered appliance capable of both scrubbing
and acoustical cleaning. As a result, practical implemen-
tation of a battery-powered acoustic toothbrush has not
occurred.

A magnetic drive system offers promise of relief from
such power constraints. One of the significant advan-

35

40

45

60

65

2

tages of a magnetic drive system is that the drive unit
may be physically separate from the lever arm and
hence the brushhead, which is at the far end thereof.
Hence, any power loss due to mechanical linkages can
be avoided. Examples of magnetically driven tooth-
brushes and/or similar appliances include U.S. Pat. No.
3,500,080 to Bey, which teaches a toothbrush driver
comprising a combination of a permanent magnet and
an electromagnet to drive a vibrating lever arm member
and U.S. Pat. No. 2,734,139 to Murphy which teaches
an electric eraser which includes an E core electromag-
net having coils around the center leg thereof. Other
patents which specifically teach a toothbrush using
magnetic drive principles include U.S. Pat. No.
3,538,359 to Karl-Heinz Barowski, U.S. Pat. No.
2,977,614 to Demanuel, and U.S. Pat. No. 2,278,365 to
Daniels. Further, Swiss patent No. 609238 specifically
teaches a vibrating toothbrush which would appear to
have an ultrasonic cleaning capability and which in-
cludes an ancillary magnetic drive system for indicating
an excess load condition on the brushhead. The mag-
netic drive system includes a non-resonating arm and a
limit on arm travel such that the system becomes non-
operational at relatively small pressures.

Due to the overall design of such units, they are typi-
cally not very efficient and the use of battery power for
such devices is not practical. A substantial amount of
energy is usually lost in the form of air gap flux. Further
the units are typically appropriate only for relatively
low frequency vibration due to the high mass of the
vibrating member and/or the drive system. Low fre-
quency vibration makes fluid cavitation/streaming
questionable for such units.

Hence, there remains a continuing need for an effi-
cient, practical, power vibrating toothbrush which is
capable of producing sufficient acoustical pressure to
produce reliable cavitation and streaming as well as
simultaneously scrubbing the teeth. It is desirable, fur-
thermore, that the toothbrush be capable of operating
from a battery. It is also desirable that the toothbrush
vibrate with relatively minimal amplitude when un-
loaded, with an increase in amplitude when the bristles
ar loaded. It is further desirable to minimize the number
of moving parts in such a toothbrush, including avoid-
ing mechanical linkages and complex sealing arrange-
ments. It is still further desirable to prevent the user
from applying force to the brush beyond a pre-estab-
lished limit, in order to avoid excess abrasion and to
allow bristles to vibrate in an acoustically effective
manner.

DISCLOSURE OF THE INVENTION

Accordingly, in one embodiment, the present inven-
tion is a vibrating toothbrush which includes a magnetic
driver, comprising a toothbrush body, a lever arm
which has toothbrush bristles at one end thereof, means
for mounting the lever arm for vibrating action, and
electromagnetic means for driving the lever arm about
the mounting means, wherein there is no direct mechan-
ical connection between the driving means and the
lever arm, and wherein the electromagnetic means
drives the lever arm at an operating frequency which is
approximately equal to the natural mechanical resonant
frequency of the combination of the lever arm and the
mounting means.

Another embodiment includes a means for driving
the lever arm, not necessarily electromagnetic, at an
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operating frequency which is different than the reso-
nant frequency of the combination of the lever arm and
the mounting means by a small selected amount, such
that the amplitude of vibration of the lever arm in-
creases when the lever arm is in a loaded condition as
opposed to an unloaded condition.

In still another embodiment, the electromagnetic
means for driving the lever arm includes permanent
magnet means located on the lever arm in the vicinity of
the other end thereof, and further includes an electro-
magnet, wherein the electromagnet includes a first in-
ductance to which a driving signal is applied and an
energy recovery circuit for storing reactive energy
which comprises a series connection of a second induc-
tance and a capacitor, wherein the first and second
inductances are arranged such that energy from the
driving signal through the first inductance is coupled
into the second inductance, and wherein the second
inductance cooperates with the permanent magnet
means to drive said lever arm.

Still further, the present invention is a vibrating
toothbrush having a magnetic driver which includes a
head portion which in turn includes a head body, a lever
arm having permanent magnet means located at one end
thereof and means for mounting the lever arm for vi-
brating action, a toothbrush element which includes
bristles, the toothbrush element being removable rela-
tive to the other end of the lever arm, and driver means
which includes a driver body, an electromagnet and
signal means for driving the electromagnet at an operat-
ing frequency, wherein the head portion is readily re-
movable relative to the driver portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing the tooth-
brush of the present invention.

FIG. 2 is an amplitude versus frequency diagram
illustrating one feature of the present invention.

FIG. 3 is an elevational view showing a portion of the
toothbrush of FIG. 1.

FIG. 4 is an elevational view showing a specific fea-
ture of the present invention.

FIG. 5 is a simplified elevational view showing a
portion of another embodiment of the present inven-
tion.

FIG. 6 is a simplified elevational view showing a
portion of another embodiment of the present inven-
tion.

FIG. 7 is a simplified elevational view showing still
another embodiment of the present invention.

FIG. 8 is a simplified exploded view showing one
embodiment of the mechanical arrangement of the
toothbrush of the present invention.

FIG. 9 is a diagram illustrating the energy storage
feature of the present invention.

FIG. 10 is a diagram showing a variation of the en-
ergy storage feature of FIG. 9.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIGS. 1 and 3 show one embodiment of the battery-
powered, magnetically driven toothbrush of the present
invention. The toothbrush, shown generally at 10 in
FIG. 1, includes an elongated hollow case 12 within
which are the other portions of the toothbrush, includ-
ing a battery. The case 12 is generally circular in cross
section, having a diameter of approximately 1.2 inches
for approximately half of its length from the rear end 13
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thereof, narrowing down to a relatively small diameter
of approximately 0.37 inches over the remainder of its
length to the front end 15 thereof. This arrangement
provides an attractive package for the toothbrush of the
present invention while also being convenient for the
user to operate.

Within case 12 is an elongated lever arm 14 which is
mounted on a pivot member 16 which permits vibration
of the lever arm in one plane (vertically in FIG. 1).
While FIG. 1is arranged to show vertical movement of
the lever arm and hence the brush, for ease of illustra-
tion, it should be understood that the apparatus could be
arranged so that the lever arm and the brush move in a
horizontal (side-to-side) direction as well, or the brush
can be positioned at specific angles to provide move-
ment in an angled plane. The pivot member 16 is located
near one end 17 of the lever arm 14 in the embodiment
shown, but it should be understood that the pivot mem-
ber could be positioned at other points between the two
ends of the lever arm. The pivot member is mounted to
case 12 in the area 19 where the diameter of the case 12
narrows down. At the other end 14 of the lever arm 14
is a brush 18 which is arranged to be readily removable
relative to the lever arm 14. The toothbrush case 12 is
configured relative to the lever such as to prevent vibra-
tion of the lever arm beyond a selected range. The
brush 18 extends through an opening in the case 12 near
the front end 15 thereof.

It should be understood, as explained in more detail
below, that the lever arm 14 may be mounted relative to
the pivot member and the case 12 in such a manner and
may be otherwise arranged in such a manner that the
lever arm 14, either by itself, or in combination with the
pivot member 16 and/or a portion of the case, may be
conveniently removable from the remainder of the
toothbrush apparatus. A spring element 22 is connected
between the lever arm 14 and the case 12, typically at
the pivot member 16 or in the vicinity thereof, to bias
the lever arm 14 in a central position, as shown in FIG.
1, between its two vertical extremes of vibrating move-
ment.

At the rear end of lever arm 14 is a permanent magnet
assembly 20 which is shown in detail in FIG. 3 and
discussed below. The toothbrush 10 also includes an
electromagnet 24 and a battery/oscillator section 26.
The electromagnet 24 comprises in its simplest form an
E-shaped core 28 having upper and lower legs 30 and 31
and a center leg 33. A coil 36 is wound around the
center leg 33. A conventional battery 38 provides
power to an oscillator 40 which produces an operating
signal having a selected operating frequency, the oper-
ating signal being applied to coil 36. In one embodi-
ment, the operating frequency is selected to be rela-
tively near or at the mechanical resonance of the com-
bined lever arm and pivot member mechanical system,
so that the drive system can be appropriately described
as a resomant magnetic driver. In the embodiment
shown, the range of the operating frequency is 150 to
400 Hz, at amplitudes (loaded) of 0.07 to 0.15 inches.
This combination supplies a sufficiently high amplitude-
frequency product to produce required cavitation and
streaming effects in addition to effective scrubbing, yet
be low enough in frequency as to not sound irritating to
the user.

FIG. 3 shows the permanent magnet assembly 20 at
the rear end 17 of the lever arm 14 and the operating
relationship between the permanent magnet assembly
20 and the electromagnet 24. In the embodiment shown,
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Referring now to FIG. 4, a diaphragm 64 may be
provided in the toothbrush apparatus which is securely
attached 1o or an integral part of the torsion arm assem-
bly, extending outwardly to the interior surface 65 of
the case 12. Diaphragm 64 provides a convenient seal
for the toothbrush in the vicinity of the pivot member.
Diaphragm 64 could be made integral with the pivot
member (i.e. the torsion arm assembly in FIG. 4) or it
could be located separate from the torsion arm assem-
bly, but usually in the immediate vicinity thereof.

Further, a seal or diaphragm could be provided re-
mote from the pivot member, such as element 66 in
FIG. 1. In such a case, seal 66 is flexible, and extends
from the lever arm 14 to the interior boundary of the
case. The seal 66 is designed to flex with the movement
of the lever arm without disturbing the sealing function.
The use of a seal near the brush end of the lever arm 14
prevents liquid from the brush area moving back into
the toothbrush apparatus. A seal 66 could also be pro-
vided in the same toothbrush apparatus with diaphragm
element 64.

The above-described seals (diaphragm) are simple
and inexpensive to implement and eliminate the ineffi-
cient and costly seals of other toothbrush devices where
there is a rotational or translational movement compo-
nent to the vibration of the lever arm of the device.

In the embodiment of FIG. 5§, the bias flux necessary
for driving the lever arm 70 is produced with the per-
manent magnet 88 being fixedly positioned within the
apparatus instead of being positioned directly on the
lever arm. This results in a reduction of the overall cost
of the lever arm. The lever arm 70 is pivoted at 72, in a
manner similar to that shown and described above. The
lever arm branches outwardly and rearwardly from the
pivot point 72 into two yoke arms 74 and 76, toward the
electromagnet shown generally at 78. Rear portions 80
and 82, respectively, of the yoke arms 74 and 76 include
ferromagnetic material, such as iron.

Positioned about the center leg of the electromagnet
78 is a fixed support member 81 which extends between
the yoke arms 74 and 76, as shown in FIG. §, and on the
forward end of which is mounted a permanent magnet
88. Portions 80 and 82 operate to couple magnetic flux
from the fixed permanent magnet 88 to the electromag-
net 78. A seal 89 for the apparatus may be provided
which extends from the interior surface of the case (not
shown) between the yoke arms 74 and 76 and the per-
manent magnet 88. Thus, there results an effective inter-
nal seal between the two yoke arms 74 and 76 with their
respective ferromagnetic portions 80 and 82 relative to
the combination of the fixed permanent magnet 88 and
the electromagnet 78.

The elements shown in the embodiment of FIG. 5 can
be arranged to insure that the flux density in the gap
between the ferromagnetic portions 80 and 82 and per-
manent magnet 88 is similar to that of the embodiment
of FIG. 1.

One advantage of the arrangement of FIG. § is that
the lever arm assembly, including the yoke arms 74 and
76, is inexpensive and therefore is practical to replace,
although the permanent magnet 88 is typically more
expensive than the permanent magnets in the embodi-
ment of FIG. 1. Further, the moment of inertia of the
lever arm assembly of FIG. 5 is typically less than the
moment of inertia for the lever arm of the embodiment
of FIG. 1, which in turn permits the use of a higher
resonant frequency and/or results in a reduction in the
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amount of vibration coupled back into the toothbrush
apparatus for the FIG. 5 embodiment.

FIG. 6 shows another embodiment of the toothbrush
apparatus of the present invention, involving a variable
reluctance. The rear end 94 of lever arm 96 has attached
to it an iron or steel curved member 98 which is typi-
cally approximately 0.7 inches long. The spring 100
tends to maintain the curved member 98 out of the gap
between it and the lower leg 102 of the electromagnet
104. The reluctance between the upper leg 106 of elec-
tromagnet 104 and the curved member 98 is relatively
low and remains constant with the normal rotational
movement of the lever arm. The reluctance between the
curved member 98 and lower leg 102 decreases when
the lever arm 96 rotates counter clockwise against the
action of the spring 100, during the time that the drive
signal applied through coil 107 has the appropriate
polarity. The arrangement of FIG. 6 is particularly
useful when the lever arm is relatively long, so that the
“throw distance”, i.e. the movement of the brushhead
end of the lever arm, is several times the gap length.

FIG. 7 shows a still further embodiment of the pres-
ent invention. In this case, the permanent magnets 110
and 112, on the rear end 111 of lever arm 114, are ar-
ranged relative to the electromagnet 116 so that the
lever arm and hence the brush move sideways. The
electromagnet 116 is generally U-shaped, having oppos-
ing upper and lower legs 118 and 120, with the end
portions 122 and 124 of upper and lower legs 118 and
120, respectively, being at right angles to the remaining
portions of the upper and lower legs and extending a
short distance toward each other. Permanent magnets
110 and 112 are located in the gap between end portions
122 and 124. The permanent magnets 110 and 112 are
arranged so that their respective poles face in opposite
directions, toward the end portions 122 and 124 of legs
118, 120. In operation, during one half cycle of the
driving signal, the poles of the electromagnet are biased
so that one permanent magnet is repulsed by the poles
and the other permanent magnet is attracted to them.
The action is reversed during the other half cycle. The
advantage of this particular design is that the gap be-
tween the permanent magnets 110 and 112 and the legs
of the electromagnet is smaller (e.g. 0.02 inches) and
remains constant.

FIG. 8 shows one embodiment of an overall struc-
tural arrangement of the apparatus of the present inven-
tion. In this particular arrangement, the toothbrush
apparatus is divided into three readily separable sec-
tions. The first section is the brush 128, which is readily
removable from the forward end 130 of lever arm 132.
The second section is a head member shown generally
at 134 which includes a case portion 136 which in turn
includes a shield element 152 for brush 128, a lever arm
132 and a torsion arm pivot member 138. As explained
above, the pivot member 138 and lever arm 132 may be
an integral unit. The lever arm is pivoted for side-to-side
brush movement. The lever arm extends a selected
distance to the rear of pivot member 138, as shown. At
the rear end of the lever arm are two permanent mag-
nets 137-137, arranged in a side-by-side arrangement
(into the page). A seal 140 may also be provided around
the lever arm close to the brush 128, as explained above.
The third section is a driver 141 which includes a case
portion 142, which in turn contains electromagnet, bat-
tery and oscillator portions (not shown). Near the for-
ward end 148 of driver section 141 is a wall 150 which



