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7) ABSTRACT

The power toothbrush, which has a rotating brushhead
movement, includes a housing with a motor mounted therein
having an armature which in operation rotates through an arc
of predetermined magnitude. The toothbrush also includes a
brushhead mounted on a shaft which is connected to an
output mass. A spring assembly couples the armature to the
output mass, the spring assembly including two spring
portions with a node point therebetween, wherein when the
armature rotates, the brushhead moves in an opposite direc-
tion. The frequency of the movement of the armature is set
equal to the resonant frequency of the spring coupling
system and the output assembly.

12 Claims, 4 Drawing Sheets
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NODAL MOUNTED SYSTEM FOR DRIVING
A POWER APPLIANCE

TECHNICAL FIELD

This invention relates generally to resonant drive systems
for power toothbrushes and similar appliances, and more
specifically concerns such systems having a rotational motor
with a spring coupling arrangement from the motor to an
output element, such as a brushhead.

BACKGROUND OF THE INVENTION

Power toothbrushes are in general well known and
encompass a wide variety of designs and physical arrange-
ments. Some power toothbrushes have proven to be both
effective and commercially successful. One example is the
toothbrush shown in U.S. Pat. No. 5,189,751, which is
owned by the assignee of the present invention.

Many power toothbrushes have a rotary-type motion.
Some have the capability of a 360° armature rotation, but
due to design arrangements produce an oscillatory move-
ment limited to a particular range of motion, i.e. a selected
arcuate portion of 360°, in order to provide a more suitable
brushing effect. Some of these rotary motion devices are
mechanically driven, while others are resonant systems,
involving a movable mass such as a brushhead structure and
a spring which is attached to the handle. The resonant
frequency of the system is affected by the handle.

The present invention is concerned with resonant systems.
Resonant devices, using a motor with a rotating armature,
often have the advantages of design simplicity and reason-
able cost, as well as generally a small size, but also have
significant disadvantages, including vibration coupled to the
handle of the device caused by the reversing action of the
system as it oscillates back and forth through the selected
arc, instead of rotating continuously through a 360° rotation.
The vibration is coupled to the handle through the spring
element. The resonant frequency of such a system is affected
by the moment of inertia (MOI) of the handle, as well as the
other parts of the drive system. Performance of the device is
also affected by the dynamics of the handle, such as
damping, spring rate and moment of inertia. Further, when
a user grips the handle of such a simple resonant system
device, the user becomes part of the system, which further
changes the dynamics of the handle and the resulting per-
formance of the device. Thus, in a resonant system, many
variables affect the dynamic characteristics of the handle and
system performance. In addition, the spring coupling to the
handle in a resonant system produces a significant physical
vibration in the handle. These disadvantages have affected
the commercial success of such toothbrushes.

It is thus desirable to significantly reduce the physical
vibration in the handle and the noise produced by such a
resonant drive system as well as increasing the efficiency of
such a system.

DISCLOSURE OF THE INVENTION

Accordingly, the present invention is a power toothbrush,
or other similar appliance, comprising: a toothbrush hous-
ing; a drive assembly which comprises: a motor having an
armature which in operation rotates back and forth through
an arc of predetermined magnitude; an output assembly
which includes a brushhead; a coupling assembly having a
node point, wherein the coupling assembly connects the
armature to the output assembly and wherein the coupling
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assembly operates in response to a drive signal having such
a frequency that the toothbrush operates in a mode in which
the brushhead rotates 180° out of phase from the rotation of
the armature, such that the drive assembly is substantially
isolated vibrationally from the housing; and at least one
support element connected between the drive assembly and
the housing, wherein the node point remains substantially
stationary during operation of the toothbrush.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view showing the major portions
of the drive system of the present invention.

FIG. 2 is a perspective view showing the drive system of
the present invention in the context of a power toothbrush.

FIG. 3 is a simplified view of a linear spring arrangement.

FIG. 4 is a perspective view of an alternative embodiment
of the system of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to FIGS. 1 and 2, a small appliance motor 12 is
mounted in a housing or handle 14 (shown split) of a power
toothbrush 16. Although the present invention is described
in the context of a power toothbrush for convenience of
explanation and illustration, it should be understood that the
system of the present invention could be used in other small
appliances which drive other workpiece elements.

Motor 12 includes an armature 18 which is driven in a
rotational mode in response to an electrical current provided
from a battery 20 to a stator portion (not shown) of motor 12.
Battery 20 will typically be a rechargeable battery, recharged
via a charging base (not shown) in which the toothbrush is
positioned when not in use. Such a charging base
arrangement, for instance, is shown in U.S. Pat. No. 5,796,
325, which is also owned by the assignee of the present
invention.

At the other end of the drive system from motor 12 is a
workpiece element, such as a brushhead 22. For the pur-
poses of this invention, brushhead 22 can take various
configurations. Brushhead 22 is mounted on an elongated
shaft 24, which extends rearwardly from the brushhead 22 to
an output mass 25, located in housing 14. The present
invention, as indicated above, is a resonant system, one
characteristic of which is that the drive system is driven by
the motor at a frequency which is at or very close to the
resonant frequency of the mechanical drive system. This
increases the efficiency of the system, as well as providing
other performance benefits.

The resonant system of the present invention includes a
spring assembly, shown generally at 26, which couples
motor armature 18 to the output mass 25. Bearings 27 and
29 support the motor and the output shaft within the housing.
Spring assembly 26 in the embodiment shown comprises a
helical spring which is divided into two series portions 28
and 30, separated by an intermediate node point 32. The two
spring portions 28 and 30 in the embodiment shown are
substantially equal, having spring constants k1 and k2,
respectively. At node point 32 is located a mounting spring
element 36, also referred to a centering spring, which
mounts, i.e. connects, the spring assembly 26 to housing 14.
Mounting spring 36 also has a small damping effect on the
action of the spring assembly.

As indicated, spring portions 28 and 30 typically com-
prise a single spring structure which includes a node region
where the centering spring element 36 is mounted. The






