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PRESSURE SENSING SYSTEM AND METHOD FOR AN ELECTRIC TOOTHBRUSH

BACKGROUND OF THE INVENTION

[0001] It is known to provide one or more sensing mechanisms in power and manual
toothbrushes to determine the pressure applied to the bristle field during brushing. Typically, a
sensor of some kind measures the force applied to the bristles. In some cases, the sensor
includes a spring, a moment arm and a switch in which the force applied to the bristle field
produces an action on the spring, which in turn drives a moment arm. When the force reaches
a threshold or trigger value, a switch is operated, which sends a signal to the user that the force
applied has exceeded the threshold level. The user then has the opportunity to reduce the
pressure to an acceptable level.

[0002] These systems can also be used to ensure that at least a minimum amount of
pressure is applied by the user to the bristle field as well. Pressure-sensing systems, however,
are often difficult to implement in a typical power or manual toothbrush. Such systems can also
add significantly to the overall cost of the toothbrush and often suffer from inaccuracy.

[0003] Typically, in such pressure-sensing system, there is no continuous monitoring
of pressure information but only an indication of when the applied pressure has reached the
threshold value indicative of excessive pressure. A need exists for a compact, simple and
inexpensive sensor system for a toothbrush, particularly one which provides continuous
monitoring of pressure such that it can be tailored to provide a desired feedback.

SUMMARY OF THE INVENTION

[0004] The present invention is defined by the appended independent claims to which
reference should now be made. Specific embodiments are defined in the dependent claims.
Arrangements disclosed herein provide a pressure feedback system for a brush head that
continuously monitors the level of pressure or force on the brush head and is programmed to

provide a feedback signal to a user based on the amount of pressure.
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[0005] <DELETED>
[0006] The system includes a magnet that moves in a repeating or oscillating manner
as a function of the movement of the drive shaft, and a sensor that generates a signal based on
the movement of the magnet. The magnet may be positioned on the drive shaft, or another
portion of the system that moves as a function of the drive shaft.

[0007] The rotary oscillating movement may be provided by a cam or gear mechanism
within the housing that is arranged between a motor and the drive shatft.

[0008] The microprocessor may be programmed to activate the feedback device to
provide an alert to the user at a predetermined threshold. In one embodiment, the threshold is
based on a measured change in the rotational speed of the drive shaft or other movable portion.
For example, the drive shaft may operate at a first rotational speed when no load is applied to
the brush head, and a second rotational speed when the brush head is in use and a force is
applied to the brush head or bristle carrier. The microprocessor may be programmed to signal
the feedback device when the change in speed between the first rotational speed and the second
rotational speed exceeds a predetermined threshold. In arrangements described herein, the
system may continuously monitor the change in rotational speed from the first rotational speed
as the brush head is in operation, and signals the feedback device to activate during those
periods where the threshold has been exceeded and to deactivate during those periods where
the threshold is not met.

[0009] In arrangements disclosed herein, the feedback device is positioned on the
housing. In an embodiment, the feedback device is at least one of a light emitting device, an
audible device and a haptic device.

[0010] The brush head may include a neck having a first end connected to a portion of

the housing and a second end supporting a bristle carrier, the brush head may include a brush
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shaft that is driven to rotate about a first axis by the drive shaft, the bristle carrier being driven

to rotate about a second axis by the brush shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a partial top perspective view picture according to an embodiment of

the invention with a magnet in a first position;

[0012] FIG. 2 is a partial top perspective view thereof with the magnet in a second
position;
[0013] FIG. 3 is a perspective view according to an embodiment of the invention

positioned in a test fixture;
[0014] FIG. 4 is perspective view thereof with the brush head experiencing a high

pressure condition;

[0015] FIG. 5 is a graphical representation of test results using the text fixture;
[0016] FIG. 6 is an exploded view of a brush head according to one embodiment; and
[0017] FIG. 7 is an exploded view of an exemplary brush head and drive unit.
[0018] Before the embodiments of the invention are explained in detail, it is to be

understood that the invention is not limited to the details of operation or to the details of



construction and the arrangement of the components set forth in the following description or
illustrated in the drawings. The invention may be implemented in various other embodiments
and of being practiced or being carried out in alternative ways not expressly disclosed herein.
Also, it is to be understood that the phraseology and terminology used herein are for the purpose
of description and should not be regarded as limiting. The use of "including" and "comprising"
and variations thereof is meant to encompass the items listed thereafter and equivalents thereof
as well as additional items and equivalents thereof. Further, enumeration may be used in the
description of various embodiments. Unless otherwise expressly stated, the use of enumeration
should not be construed as limiting embodiments of the invention to any specific order or
number of components. Nor should the use of enumeration be construed as excluding from the
scope of the invention any additional steps or components that might be combined with or into
the enumerated steps or components.

DESCRIPTION OF THE CURRENT EMBODIMENTS

[0019] The embodiments of the invention described herein relate to an electric
toothbrush 10, which includes a brush head 12 that may be secured to a drive unit 14. In one
embodiment, the brush head 12 is a replacement head that may be plugged onto the drive unit
14. The brush head 12 includes a bristle carrier 18 that supports one or more cleaning elements
20. Actuation of the drive unit 14 causes oscillation of the bristle carrier 18 and cleaning
elements 20.

[0020] In one embodiment, the brush head 12 includes a tubular neck 22 that supports
the bristle carrier 18 at one end 15 and includes an open end 17 opposite the bristle carrier 18
for attachment to the drive unit 14. One example of the brush head 12 is shown in Fig. 6. As
shown in Fig. 6, the brush head 12 includes the neck 22, bristle carrier 18 and bristles 20
supported on the bristle carrier 18. A brush shaft 26 extends within the tubular neck 22 and

includes a first end 28 that engages the bristle carrier 18 and an opposite end 30 that engages a



drive shaft extending from the drive unit 14. The brush shaft 26 extends along a longitudinal
axis and is capable of rotation, and more specifically rotary oscillation, about the longitudinal
axis. A portion of the brush shaft 26 may extend through an optional sleeve 32, which may be
inserted into the open end 17 of the tubular neck 22 for removably mounting to the drive unit
14 via a snap fit or a friction fit.

[0021] A motion conversion mechanism between the brush shaft 26 and the bristle
carrier 18 causes rotary oscillation of the bristle carrier 18 about a carrier axis that is transverse
to the longitudinal axis of the brush shaft 26. One embodiment of a motion conversion
mechanism according to the embodiment shown in Fig. 6 is described in US Patent 9,439,741
to Dishon, the subject matter of which is incorporated herein by reference. Another
embodiment of a motion conversion mechanism including a bevel gear is disclosed in US
Patent 6,021,538 to Kressner, the subject matter of which is also incorporated herein by
reference.

[0022] Referring now to Fig. 7, the drive unit 14 includes a handle portion 40 and a
drive shaft 42 extending from the handle portion 40. A mounting portion 44 of the drive unit
14 engages the sleeve 32 or another portion of the brush head 12 for attachment of the drive
unit 14 to the brush head 12. When the brush head 12 is plugged onto the drive unit, the drive
shaft 42 extends along the longitudinal axis defined by the brush shaft 26 and engages the end
30 of the brush shaft 26 such that rotation of the drive shaft 42 about the longitudinal axis
causes rotation of the brush shaft 26 about the same axis.

[0023] The drive unit 14 includes an electric motor 50 that can be actuated to move the
drive shaft 42. In one embodiment, the motor 50 is a DC motor that is powered by a battery.
The motor 50 and battery may be positioned within the handle portion 40 of the drive unit 14

and operated by a switch on the exterior of the drive unit 14. A motor shaft extends from the



motor 50 and can be driven to rotate by the motor 50. A gearing or cam arrangement converts
the rotation of the motor shaft into rotary oscillating movement of the drive shaft 42.

[0024] Figs. 1-4 illustrate the structure and operation of a system for sensing the
amount of pressure applied to the bristles 20 and bristle carrier 18, and for providing feedback
to the user upon the measured pressure reaching a predetermined threshold. In one
embodiment, the system measures the change in rotational speed of the drive shaft 42 using a
sensor capable of observing a magnetic field along with a magnet positioned on the drive shaft
42 or another movable portion of the drive unit 14 or brush head 12. In the illustrated
embodiment, the system measures the change in rotational speed of the drive shaft 42 using a
Hall effect sensor 62 and a magnet 60. In another embodiment the system may use a different
sensor, such as a TMR (tunnel-magnetoresistance ) sensor in a manner similar to the Hall effect
sensor. The system determines the pressure on the bristles 24 and bristle carrier 18 as a function
of the measured change in rotational speed.

[0025] Fig. 1 shows the electric toothbrush 10 with a portion of the handle 40 cut away
to expose the interior components. As shown, a permanent magnet 60 is attached to the
oscillating drive shaft 42. In an alternative embodiment, the magnet 60 can be attached to any
other movable portion of the drive unit 14 that experiences a load applied by the user, including
the rotating motor shaft or a portion of the gear or cam structure. A Hall effect sensor 62 is
mounted adjacent to the drive shaft 42, wherein rotational oscillation of the drive shaft 42
repeatedly moves the magnet 60 in and out of proximity with the Hall effect sensor 62.

[0026] The Hall effect sensor 62 is connected to a microprocessor 64, which is operably
connected to the battery and at least one feedback device capable of providing a signal to the
user. The feedback device may be a visual feedback device such as an LED bulb or screen, an
audible device such as a speaker, or a haptic device such as a motor pulse generator. In the

illustrated embodiment (a prototype style embodiment), the microprocessor 64 includes a first



microprocessor portion 66 and a second microprocessor portion 68. In a production version,
the microprocessor 64 may be a single consolidated element.

[0027] As illustrated, the pressure sensor system includes two LED bulbs that function
as feedback devices. A first LED bulb 70 (included primarily for prototype purposes) lights
when the magnet 60 is in proximity to the Hall effect sensor 62. As an example, Fig. 1 shows
the permanent magnet 60 attached to the drive shaft 42 and rotated out of proximity from the
Hall effect sensor. As a result, the first LED bulb 70 is off. Fig. 2 shows the permanent magnet
60 rotated in proximity to the Hall effect sensor. As a result, the first LED bulb 70 is on.
Although not required in a commercial version of the system, the LED 70 provides an
illustration of how the system continuously monitors the pressure on the brush head by actively
observing movement and speed of the magnet and drive shaft.

[0028] Figs. 3 and 4 show an electric toothbrush 10 according to a prototype
embodiment of the invention wherein the prototype toothbrush 10 is positioned within a fixture
100 having a weight 102 capable of applying varying amounts of pressure to the brush head
12. Figs. 3 and 4 further show a second LED bulb 72 that functions as a primary feedback
device for the user. Although the second LED bulb 72 is shown wired externally to the electric
toothbrush 10 in the prototype embodiment, a production version of the electric toothbrush 10
may include the second LED 72 positioned on the drive unit 14 in location that is visible to the
user. In another embodiment, the second LED 72 may be any other type of feedback device,
including a device that is wirelessly connected to the microprocessor 64 such as a mobile phone
or watch.

[0029] In one embodiment, the second LED 72 (or an alternative feedback device) is
activated when the pressure on the brush head 12 reaches a predetermined threshold level in
order to alert the user that he/she is brushing with too much pressure. As noted above, during

operation of the toothbrush 10, the Hall effect sensor 62 measures the proximity of the magnet.



In one embodiment, the Hall effect sensor 62 is a digital sensor, such that the sensor 62 signals
the microprocessor 64 only that the magnet 60 is proximate the sensor 62, and the sensor 62
does not signal the microprocessor 64 when the magnet 60 is not proximate the sensor 62. As
the drive shaft 42 oscillates, the sensor 62 repeatedly signals.

[0030] The microprocessor 64 registers the rate at which the Hall effect sensor 62
signals, which is indicative of the rotational speed (RPM’s) of the drive shaft 42, and is
programmed with an algorithm to determine when an excessive or undesirable force is being
exerted on the brush head 12. One generally accepted value for excessive brushing force is
300g, and in one embodiment, the microprocessor is programmed to activate the feedback
device (such as LED 72) when the microprocessor determines that a brushing pressure of 300g
has been reached or exceeded. In an alternative embodiment, another value for excessive
brushing force may be used, and in yet another alternative embodiment, a threshold for
minimum effective brushing pressure may be programmed in addition to, or instead of, the
maximum brushing pressure.

[0031] Referring now to Fig. 5, in one embodiment the microprocessor 64 determines
whether an excessive brushing pressure has been met as a function of the change in the
rotational speed of the drive shaft 42 during operation. Fig. 5 shows the graphical results of
testing the toothbrush 10 using the fixture shown in Figs. 3 and 4 at different operating voltages.
As can be seen, the resulting change in shaft speed is generally linear for operating voltages
between 2.8V and 2.1V, regardless of the operating voltage. In each test case, a brushing force
of 300g drops the rotational speed of the drive shaft 42 by about 5000-7000 RPM. As a result,
in one embodiment the microprocessor 64 is programmed to activate the LED 72 (or other
feedback device) when the measured shaft speed changes by an amount in the range of about

5000-7000 RPM.



[0032] The above description is that of current embodiments of the invention. Various
alterations and changes can be made without departing from the spirit and broader aspects of
the invention as defined in the appended claims, which are to be interpreted in accordance with
the principles of patent law including the doctrine of equivalents. This disclosure is presented
for illustrative purposes and should not be interpreted as an exhaustive description of all
embodiments of the invention or to limit the scope of the claims to the specific elements
illustrated or described in connection with these embodiments. For example, and without
limitation, any individual element(s) of the described invention may be replaced by alternative
elements that provide substantially similar functionality or otherwise provide adequate
operation. This includes, for example, presently known alternative elements, such as those that
might be currently known to one skilled in the art, and alternative elements that may be
developed in the future, such as those that one skilled in the art might, upon development,
recognize as an alternative. Further, the disclosed embodiments include a plurality of features
that are described in concert and that might cooperatively provide a collection of benefits. The
present invention is not limited to only those embodiments that include all of these features or
that provide all of the stated benefits, except to the extent otherwise expressly set forth in the

issued claims. Any reference to claim elements in the singular, for example, using the articles
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an,” “the” or “said,” is not to be construed as limiting the element to the singular.
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CLAIMS

1. A system for determining the amount of pressure applied to a brush head, and for
providing feedback to the user upon the measured pressure reaching a predetermined threshold,
the system comprising:

a drive unit for connection to the brush head, the drive unit having a drive shaft that is
activated to rotationally oscillate to move the brush head with respect to the drive unit;

a magnet that moves in a repeating manner as a function of the movement of the drive
shaft;

a sensor that generates a signal based on the movement of the magnet;

a feedback device; and

a microprocessor connected to the sensor and the feedback device, the microprocessor
programmed to activate the feedback device as a function of a change in speed of the movement
of the magnet,

wherein:

as the drive shaft oscillates the magnet repeatedly moves in and out of proximity with
the sensor;

the sensor signals the microprocessor to indicate when the magnet is proximate the
sensor; and

the microprocessor registers the rate at which the sensor signals the microprocessor to
indicate that the magnet is proximate the sensor as indicative of the rotational speed of the drive
shaft.
2. The system of claim 1, wherein the microprocessor generates a signal based on the

change in rotational speed of the drive shaft.
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3. The system of claim 1 or 2, wherein the microprocessor is programmed with a threshold
change in rotational speed, such that the microprocessor generates a signal based on change in
rotational speed meeting the predetermined threshold.

4. The system of any of the preceding claims, wherein the feedback device is one of a
light emitting device, an audible device and a haptic device.

5. The system of any of the preceding claims, wherein the feedback device is positioned

on the drive unit.

6. The system of any of the preceding claims, wherein the magnet is attached to the drive
shaft.

7. The system of any of the preceding claims, comprising the brush head.

8. The system of claim 7, wherein the brush head includes a neck having a first end

connected to the drive unit and a second end supporting a bristle carrier, the brush head
including a brush shaft that is driven to rotate about a first axis by the drive shaft, the bristle
carrier being driven to rotate about a second axis by the brush shaft.

9. The system of any of the preceding claims, wherein the microprocessor is programmed
to send a signal to the feedback device upon a change in the rotational speed of the drive shaft

exceeding a predetermined threshold.
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