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(54) Title: POWER TOOTHBRUSH WITH A TUNABLE BRUSHHEAD ASSEMBLY SYSTEM

(57) Abstract: A power toothbrush appliance (10) and a method for tuning a brushhead assembly system (41) thereof. The appliance
includes a handle portion (16), a drive assembly and a brushhead assembly system (41). The drive assembly includes a DC motor
(34) and an eccentric coupling (46) which drives the brushhead assembly system by means of a yoke mechanism. The brushhead as -

& sembly system includes a beam portion (50) which moves laterally about a pivot (47). A brushhead (12) 1s attachable to and remov -
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able from a distal end of the beam. The beam 1s tunable by changing the stiffness thereot, or the length thereof, or the cross-sectional

moment thereot, in order to control the resonant frequency of the brushhead assembly system relative to the drive frequency of the
appliance to maintain the amplitude of the brush member within a range of 1.0-2.5 mm, preferably 1.75 mm.
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Title

Power Toothbrush With A Tunable Brushhead Assembly System

Technical Field

This invention relates generally to power toothbrushes having an oscillating
brushhead action, and more specifically concerns control of the configuration of a part of the
brushhead assembly system for the purpose of maintaining the amplitude of the brushhead

action within a desired range.

Background of the Invention

Brushhead assembly systems for power toothbrushes with a back-and-tforth,
sweeping brush member motion typically include a drive train member (drive beam) and a
brushhead with brush member which can together vary in stiffness, center of gravity and
mass, all of which affect the resonant frequency of the brushhead assembly system. Because
of the relatively thin geometry and the flexible material, typically plastic, used 1n many such
brushheads, the resonant frequency of the brushhead assembly system 1s frequently between
100-250 Hz, within which range may be the operating/drive frequency of the power
toothbrush.

This relationship between the drive frequency of the toothbrush and the
resonant frequency of the brushhead assembly system may in some cases be helpful,
producing larger sweeping amplitudes with relatively small mechanical driver motion.
However, 1t can also be detrimental 1t the resonant frequency 1s too close to the drive
frequency, which results 1n excessive amplitudes of the brush member, 1.e. up to 9 mm, which

1s both difficult to control and potentially harmftul to the user.

Hence, there 1s a need for a brushhead assembly system which includes a
portion which can be conveniently tuned so as to shift the resonant frequency of the
brushhead assembly system up or down relative to the drive frequency to control the
amplitude of brush member movement to be within a desired range. 'This allows for the use
of a larger tolerance range of flexible brushheads, without the necessity of a high degree ot

control over the manufacture of the various parts of the brushhead assembly system.
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Summary of the Invention

Accordingly, such a power toothbrush comprises: a handle portion (16) which
includes a DC motor (34) having a motor shaft (44);an eccentric coupling member (46)
mounted on the motor shaft; and a brushhead assembly system (48), which includes a beam
member (50) and a removable brushhead (12) to which 1S mounted a brush member (14),
wherein the beam member 1s mounted for lateral movement about a pivot (47), the lateral
movement being accomplished by interaction of the coupling member with a proximal end
portion of the beam member, the beam member being arranged and configured such that by
tuning one of the following characteristics: (1) the stiffness of the beam, (2) the length of the
beam and (3) the cross-sectional moment of 1nertia of the beam, the resonant frequency of the
brushhead assembly system can be changed relative to a drive frequency of the toothbrush
that the amplitude of motion of the brush member during operation 1s maintained within a

range of 1.0-2.5 mm.

Further, the method for tuning a brushhead assembly system portion of a
power toothbrush to control the resonant frequency thereof, wherein the brushhead assembly
system 1ncludes a beam portion (50) which 1s moved by a drive system of the power
toothbrush about a pivot (47) and a brushhead (14) attachable to the beam which includes a
brush member (14), comprising the steps of: changing one of selected characteristics of the
beam so as to maintain a sufficient difference between the resonant frequency of the
brushhead assembly system and the drive frequency of the appliance that the amplitude of the
brush member 1n operation 1s within a range of 1-2.5 mm, wherein the selected characteristics
are: (1) stiffness of the beam; (2) length of the beam; and (3) cross-sectional moment of

1nertia ot the beam.

Brief Description of the Drawings

Figures 1 and 1A are exploded views of a power toothbrush incorporating the

structure of the present invention.

Figures 2 and 3 are perspective views showing in more detail the brushhead

assembly system of the power toothbrush of Figures 1 and 1A.

Figures 4 and 4A are longitudinal and cross-sectional views of a portion of the

power toothbrush of Figures 1 and 1A.
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Best Mode for Carrying Out the Invention

Figures 1 and 1A show a power toothbrush, referred to generally at 10. 'The
power toothbrush 10 includes a brushhead 12 with a brush member 14 at a distal end thereof.
Power toothbrush 10 also includes a housing 16 and a chassis assembly 18 which fits inside
the housing and which serves as a carrier for several of the internal operating parts of the
toothbrush. The rear end of the toothbrush 10 includes an end cap 20, an O-ring seal 22, a
tape member 24 and a wire frame member 26, along with an internal cap assembly 28. A
conventional battery assembly 1s shown at 30, with a protective bumper member 32. These
portions of the toothbrush 10 are conventional and are common to several power toothbrush

arrangements.

Referring now to Figures 1, 2 and 3, a motor 34 1s shown, held 1n place by a
motor retainer 36 and attachment screws 38. Positioned on the opposite side of the motor
retainer 1s a printed circuit board 40 containing the control electronics for the toothbrush,
along with connecting electrical signal wires 42. In the embodiment shown, motor 34 1s a
DC motor having an output shaft 44 which rotates and directly produces the torque required
to operate the applhiance. The motor provides sufficient torque and speed for the drive train to

provide the required motion at available battery voltage.

Mounted on the motor output shaft 44 1s an eccentric coupling member 46
which produces an eccentric action. The eccentric coupling converts the rotary action of the
motor shaft to a circular motion. The center of the eccentric coupling member 1s offset from
the motor shaft axis. When the motor shaft 44 1s spinning, the center axis of the eccentric
will move 1n a circular motion, with the diameter of the circle equal to two times the distance
of the offset of the eccentric axis from the motor shaft axis. The eccentric coupling 1s part of
a scotch yoke arrangement 45 at the proximal end of the brushhead assembly system. The
circular motion produced by the eccentric coupling 1s converted to a linear (sweeping) motion

for a brushhead assembly system 41, which moves about a pivot 47, as shown 1n Figures 2

and 3.

Referring to Figures 4 and 4A, at the distal end of the eccentric coupling
member 46 1s a pin 49 which extends into a cylinder 48 which fits into yoke 351 at the

proximal end of the brushhead assembly system. 'The cylinder 48 1s constrained to move
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basically 1in the X direction, as shown 1n Figure 3, by yoke 51, but 1s also free to translate to
some extent 1n the Y direction, as well as slightly 1n the Z direction. The eccentric pin 49
rotates within an opening 55 1n cylinder 48. The interface, if too tight, will prevent the
eccentric pin from rotating within the cylinder, while if the interface 1s too loose, the
mechanism becomes noisy, and may also affect the amplitude of movement of the brush

member 14.

This particular structural arrangement, known generally as a ““scotch yoke™, 1s
used 1n the present embodiment to convert the eccentric circular action to a lateral (sweeping)
brush assembly action about pivot 47. However, it should be understood that other structural

arrangements can be used to produce the desired motion conversion.

The resulting action of the pin 49 acting on cylinder 48 forces yoke 51 1n the
X direction, transferring the motion of the eccentric coupling to the brushhead assembly
system and more particularly to a brushhead drive shaft/beam 50 portion of the brushhead
assembly system. The brushhead drive shaft/beam 50 moves laterally back and forth about
pivot 47, which 1s approximately at the center of the overall length of the brushhead assembly
system, including brushhead 12, generally extending from yoke 51 to the brush member,
which moves 1n a back-and-forth (lateral) direction about the Y axis, as shown at 53-53 1n
Figure 2. 'The brushhead drive shaft or beam member 50 in the embodiment shown 1s made
from steel. The portion of the beam 50 from the proximal (yoke) end thereof to pivot 47 1s

covered with a plastic overmoulding 50a.

The brushhead 12, with the brush member 14 at a distal end thereof 1s
attachable to and releasable from the distal end portion 56 of the beam 50 by an interference-
type fit. Beam 50 1s supported by upper and lower cap members 58 and 60. A seal 62 for
distal end 56 fits 1nto the distal ends of caps 58 and 60.

In operation, the brushhead assembly system will move 1n a side-to-side
motion. In the arrangement shown, the distance between the yoke 51 and the pivot 47 1s
approximately one-halt of the distance between pivot 47 and brush member 14. As indicated
above, brushhead 12 will vary 1n stiffness, center of gravity and mass, all of which affect the
resonant frequency of the brushhead assembly system as 1t moves 1n a sweeping motion. Due
to the thin geometry and the flexible materials, typically plastic, used 1in brushhead 12 and the
variations thereof, the resonant frequency of the brushhead assembly system will vary

between 100-250 Hz, a range which may include the drive frequency of the power
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toothbrush, as explained above. In some cases, the resonant frequency, depending upon the
particular arrangement of the brushhead assembly, can be such relative to the drive
frequency, that the resulting amplitude of the brush member 1s great enough to be

uncomfortable.

In the present invention, the resonant frequency of the brushhead assembly
system 18 moved up or down to some degree, 1n order to mitigate/change the existing resonant
frequency of a manufactured system. Desirably, the resulting amplitude of the brush member
will be between 1.0-2.5 mm, with a most desired amplitude of 1.75 mm. The resonant
frequency of the brushhead assembly system 1s adjusted by tuning the drive shaft (beam)
portion of the brushhead system in three ways, by (1) changing the material of the drive
shaft/beam so as to change the stiffness of the beam, (2) changing the length of the beam,,
and (3) changing the cross-sectional moment of 1nertia of the beam. As indicated above, the
drive shaft/beam 50 extends from a proximal (yoke) end to a point beyond pivot 47. By
changing one or more of the above characteristics, the resonant frequency of the brushhead
assembly system can be controlled, in order to control the amplitude of the movement of the
brush member. This arrangement has the benefit of being able to accomplish a satisfactory
yet convenient and inexpensive way to tune the drive shaft and ultimately the brushhead
assembly system to permit desired operation of the appliance, without ultra strict control over
the manufacturing process, thereby enabling the production of an economical power
toothbrush. Typically, the stiffness of the drive train material will be within the range ot
10-40 N/mm, the length of the drive train will vary within the range of 45-75 mm, and the
cross-sectional moment of inertia will be within the range of 140-280 mm®. One example of
such a configured tunable beam which will produce a resonant frequency of 160 Hz with a
commercially available brushhead attached, has the following characteristics: beam stiffness

26 N/mm; length 41 mm; cross-section moment of inertia 200 mm".

While the present mnvention 1s used 1n a direct drive (motor to brush member)

arrangement, a pivot action, it can also be applied to other power toothbrush configurations.

Although a preferred embodiment of the invention has been disclosed for
purposes of 1illustration, 1t should be understood that various changes, modifications and
substitutions may be incorporated 1in the embodiment without departing from the spirit of the

invention which 1s defined by the claims which follow:
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CLAIMS:

1. A power toothbrush appliance, comprising:

a handle portion (16) which includes a DC motor (34) having a motor shaft
(44);

an eccentric coupling member (46) mounted on the motor shaft; and

a brushhead assembly system (48), which includes a beam member (50) and a
removable brushhead (12) to which 1s mounted a brush member (14), wherein the beam
member 1s mounted for lateral movement about a pivot (47), the lateral movement being
accomplished by interaction of the coupling member with a proximal end portion of the beam
member, the beam member being arranged and configured such that by tuning one of the
following characteristics: (1) the stiffness of the beam, (2) the length of the beam and (3) the
cross-sectional moment of inertia of the beam, the resonant frequency of the brushhead
assembly system can be changed relative to a drive frequency of the toothbrush that the

amplitude of motion of the brush member during operation 1s maintained within a range of

1.0-2.5 mm.

2. The apphance of claim 1, wherein the amplitude of the brush member 1s

maintained at approximately 1.75 mm.

3. The appliance of claim 1, wherein the beam member 1s made from steel

with a plastic overmoulding (50a) from a proximal end to the pivot.

4. The apphance of claim 1, wherein the conversion of the rotational action of
the DC motor shaft to a lateral motion of the beam 1s accomplished by a scotch yoke

arrangement.

5. The apphiance of claam 1, wherein the lateral motion of the beam member

1S about a Y axis.
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6. The appliance of claim 1, wherein the range of stiffness 1s 10-30 N/mm, the

range of length is 45-75 mm and the range of the moment of inertia is 140-280 mm".

7. A method for tuming a brushhead assembly system portion of a power
toothbrush to control the resonant frequency thereof, wherein the brushhead assembly system
includes a beam portion (50) which 1s moved by a drive system of the power toothbrush
about a pivot (47) and a brushhead (14) attachable to the beam which includes a brush

member (14), comprising the steps of:

changing one of selected characteristics of the beam so as to maintain a
sufficient difference between the resonant frequency of the brushhead assembly system and
the drive frequency of the appliance that the amplitude of the brush member 1n operation 1s
within a range of 1-2.5 mm, wherein the selected characteristics are: (1) stiffness of the

beam; (2) length of the beam; and (3) cross-sectional moment of 1nertia of the beam.

8. The method of claim 7, wherein the amplitude 1s approximately 1.75 mm.

9. The method of claim 7, wherein the range of stiffness 1s 10-30 N/mm, the
range of length of the beam 1s 45-75 mm, and the range of the cross-sectional moment of

inertia is 140-280 mm".

10. The method of claam 7, wherein the tuning of the brushhead assembly

system 1s accomplished during manufacture of the power toothbrush.
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