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(57) Abstract: Electrically driven device comprising a housing (4, 13), an electric motor (1)
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N12

FIG. 1

with a drive shaft (2) having a first rotary axis (I) and a drive pin (3) eccentrically connected
to the drive shaft (2), and a driven shaft (12) mounted in the housing (4, 13) for performing a
pivoting and which is indirectly coupled to the drive shaft (2) by means of a gear mechanism
converting a rotary motion of the drive shatt (2) into a reciprocating pivoting motion of the
driven shaft (12) and which comprises a cross slider (7) having a sliding support (6) which
extends perpendicular to the drive shaft (2) and which receives the drive pin (3). The cross
slider (7) is guided in the housing (4, 13) by at least two pivotable links (8, 9). The driven shaft
(12) is coupled to the cross slider (7) by the two pivotable links (8, 9).
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ELECTRICALLY DRIVEN DEVICE

FIELD OF THE INVENTION
The present invention is concerned with an electrically driven device, for example an clectric

toothbrush, an electric hair removal device or an electric skin treatment device.

BACKGROUND OF THE INVENTION
An electric toothbrush with a drive mechanism comprising gearwheels is known for example
from DE 39 37 854 Al. The drive mechanism converts a continuous rotary movement of the
drive shaft of an electric motor into a reciprocating pivoting of a driven shaft. EP 0 850 027 B1
and EP 1 357 854 B1 disclose further drive mechanisms with gearwheels wherein the
mechanisms further generate an additional pivoting of the drive shaft about a swiveling axis. The

use of gearwheels may contribute to increased sound emissions.

US 2006/0101598 A1 discloses an electric toothbrush with a scotch yoke mechanism converting
a continuous rotary movement of the drive shaft of an electric motor into a reciprocating

longitudinal displacement of a driven shaft.

Further, US 5,381,576 describes an electric toothbrush comprising a housing, an clectric motor
with a drive shaft having a first rotary axis and a drive pin connected to the drive shaft
eccentrically with respect to the rotary axis, and a driven shaft having a second rotary axis and
mounted in the housing for performing a pivoting about the second rotary axis. The driven shaft
is indirectly coupled to the drive pin by a gear mechanism converting a rotary motion of the drive
shaft into a reciprocating pivoting of the driven shaft. The gear mechanism comprises an

elastically deformable transmission member.

WO 2006/130643 A2 discloses an electrically driven apparatus for applying a cosmetic
comprising a mechanism for converting a rotary motion of a drive shaft into a reciprocating
pivoting motion of a driven shaft about its longitudinal axis. The mechanism comprises a rod
with a longitudinal slot receiving an eccentrically arranged pin. The rod is connected to the

driven shaft by means of a further rod.
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US 5,822,821 and EP 0 110 327 A2 disclose electrically driven toothbrushes comprising a scotch

yoke mechanism for converting a rotary motion of a drive shaft into a reciprocating pivoting

motion of a driven shaft about its longitudinal axis.

It is an object of the present disclosure to provide an electrically driven device with reduced
sound emissions. It is a further object to provide a less complex electrically driven device with a

reduced number of component parts.

SUMMARY OF THE INVENTION
In accordance with one aspect there is provided an electrically driven device comprising a
housing, an electric motor mounted in the housing and comprising a drive shaft having a first
rotary axis, a driven shaft having a second axis and mounted in the housing for performing a
movement relative to the housing. The driven shaft may be indirectly coupled to the drive shaft
by means of a gear mechanism, for example a gear mechanism comprising a scotch yoke
mechanism, i.e. a slotted link mechanism, converting a rotary motion of the drive shaft into a
reciprocating pivoting motion of the driven shaft. A drive pin may be connected to the drive shaft
eccentrically with respect to the rotary axis. The gear mechanism comprises a cross slider having
a sliding support which extends perpendicular to the first rotary axis and which receives the drive
pin. The cross slider is guided in the housing by means of at least two pivotable links which may
be directly coupled to the housing or indirectly, e.g. via an adapter and/or a spring. The driven
shaft is coupled to the cross slider by means of one of the at least two pivotable links thereby
converting a rotary motion of the drive shaft into a reciprocating pivoting of the driven shaft. The
eccentric drive pin may be directly connected to the drive shaft or may be indirectly connected to

the drive shaft, e.g. by means of one or more interposed elements and/or a gear.

The electrically driven device may be a platform for different applications, for example as a

toothbrush, as a skin treatment device or as a hair removal device.

In accordance with a furher aspect of the invention, there is provided an electrically driven
device comprising:

a housing,

an electric motor mounted in the housing and comprising a drive shaft having a first

rotary axis,

CA 3038242 2020-02-13
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a driven shaft having a second axis and mounted in the housing for performing a’
movement relative to the housing,

wherein the driven shaft is indirectly coupled to the drive shaft by means of a gear
mechanism converting a rotary motion of the drive shaft into a reciprocating motion of the
driven shaft,

wherein a drive pin is connected to the drive shaft eccentrically with respect to the rotary
axis , the gear mechanism comprises a cross slider having a sliding support which extends
perpendicular to the first rotary axis and which receives the drive pin,

wherein the cross slider is guided in the housing by means of at least two pivotable links,
and the driven shaft is coupled to the cross slider by means of one of the at least two pivotable
links, thereby converting a rotary motion of the drive shaft into a reciprocating pivoting of the

driven shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a perspective view of a device according to a first embodiment;

Figure 2 shows a sectional view of the device of Figure 1;

Figure 3 shows a top view of the device of Figure 1;

Figure 4 shows a sectional view of the device of Figure 1 along line C-C in Figure 2;
Figure 5 shows a sectional view of the device of Figure 1 along line B-B in Figure 2; and

CA 3038242 2020-02-13
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Figure 6 shows a sectional view of a device according to a further embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Current toothbrush drive systems performing an oscillating pivoting of the cleaning element, e.g.
a bristle, are perceived as being too loud. In particular, it is desirable to provide an electrically
driven device with sound emissions below 55 dB(A) sound power level, especially at current
drive frequency of 83 Hz. An important factor for noise is the form of the motion over time. The
velocity is the first derivative of the displacement, the acceleration the second derivative of the
motion. Higher accelerations and therefore inertia forces occur if the wave form is not a sine
wave or harmonic. These periodic forces translate into bearing reaction forces and thus create an
excitation to the structure of the device and this can cause undesired noise of elements oscillating
in their natural frequency. Another source of noise is two bodies hitting each other and creating a

rattling noise. This occurs for example in cam driven systems.

In accordance with one aspect, a gear mechanism is provided converting a rotary motion of the
drive shaft into a reciprocating pivoting of the driven shaft, preferably a sinusoidal movement of
the driven shaft or a substantially sinusoidal movement of the driven shaft. This contributes in

reducing the noise generated in use of the device.

According to an aspect, the gear mechanism comprises a scotch yoke mechanism with the cross
slider being guided in the housing by means of at least two pivotable links. The scotch yoke
mechanism of the gear mechanism may convert a continuous rotary motion of the drive shaft into
a sinusoidal reciprocating movement of the cross slider. For example, the gear mechanism
converts a continuous rotary motion of the drive shaft into a sinusoidal or a substantially
sinusoidal reciprocating rotation of the driven shaft. The movement of the cross slider may be a
rotational motion which may be close to a linear motion guided by a parallel lever design in the
form of a parallelogram by means of the at least two pivotable links. For example, each of the at
least two pivotable links is pivotably hinged to a bearing point of the housing, e.g. by means of a
bearing pin, and pivotably hinged to a bearing point of the cross slider, e.g. by means of a bearing
pin, such that the cross slider is guided to be moveable on a curved track with respect to the
housing. The distance between the bearing point of the housing and the bearing point of the cross
slider may be identical for each of the pivotable links. The cross slider may have a cylindrical

opening defining the sliding support of a sliding block with a long hole provided in the sliding
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support receiving the drive pin. As an alternative, the drive pin may be directly guided within the

sliding support of the cross slider.

According to an aspect of the present disclosure, the driven shaft is one of the bearing points of
the housing. In this respect, the rotary axis of the driven shaft may be the axis about which the at
least one pivotable link rotates during use of the device. For transmitting the pivoting movement
of the link to the driven shaft, the driven shaft may be rotationally constrained to one of the at
least two pivotable links and may further be rotatably guided in the housing. Such a design of the
electrically driven device provides for a very compact gear mechanism requiring only a few
component parts. For example, the number of the component parts of the gear mechanism
between the drive pin and the driven shaft is less than ten, preferably seven or less. The reduce
number of component parts compared to other known devices does not only decrease the costs of
the device due to less component parts required but also has a beneficial effect on the effort and

costs for assembly of the device.

The housing may be a single, unitary component part suitable for encasing and/or mounting
further component parts of the device. In other embodiments, the housing may comprise different
component parts, for example an outer shell, an insert, a chassis and/or a frame. According to one
aspect, the housing may comprise a frame having a first bearing sleeve rotatably guiding the
driven shaft and a second bearing sleeve rotatably guiding a bearing pin which is the bearing
point of the other of the at least two pivotable links. Such a frame may contribute in guiding and
supporting the gear mechanism and the driven shaft. [n addition or as an alternative, the housing

may comprise a motor support and/or an external housing shell.

The gear mechanism of the electrically driven device may be a mate robust preventing tilting of
the pivotable links e.g. if each of the at least two pivotable links comprises two lever sections
extending parallel to each other. For example, the lever sections of each link may be connected
with each other and may each comprise a bearing sleeve engaging the driven shaft and a bearing

pin, respectively.

The electrically driven device may further comprise a sliding block having a bearing receiving
the drive pin. For example, the sliding block may be axially guided in the sliding support of the
cross slider. In other words, the gear mechanism may work similar to the scotch yoke mechanism

translating a continuous rotation of the drive pin into a reciprocating pivoting movement of the
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cross slider and of the driven shaft. As an alternative to the provision of a sliding block within the
cross slider, the drive pin may directly engage the sliding support of the cross slider, e.g. having

the form of a slotted hole.

The drive pin may be directly fixed, e.g. welded, to the drive shaft of the motor. As an
alternative, a further gear mechanism may be interposed between the drive shaft and the drive
pin. For example, a pinion may be rotationally constrained to the drive shaft meshing with a ring
gear which carries the drive pin. Such an additional gear mechanism may have benefits regarding
an adaption of the voltage or the torque of the motor to the individual requirements of the
electrically driven device. If the electrically driven device is a toothbrush, it may comprise a
standard DC motor. The motor may have a torque of at least 2 mNm, for example 2.5 mNm, at a
speed of 4,800 to 7,200 rpm at a voltage of 3 to 4V. This voltage may be supplied by a Li-lon
battery or any other battery combination providing voltages above 3V and low internal

resistance. In addition or as an alternative, the motor may be connected to the mains supply.

According to a further aspect, a sealing may be provided between the driven shaft and the
housing, e.g. for preventing contamination of the electronic component parts with dirt and/or
humidity. For example, the sealing may permit pivoting of the driven shaft with respect to the
housing. In this respect, the sealing may comprise a sealing sleeve often elastically deformable

material fixed to the driven shaft and fixed to the housing.

In the embodiment depicted in Figure 1 a portion of an electrically driven device in the form of
an electric toothbrush is shown. The electrically driven device comprises a motor 1 having a

drive shaft 2 which defines a first rotary axis I.

In the exemplary embodiment depicted in Figures 1 to 5, the drive shaft 2 is directly connected
and rotationally constrained to the drive pin 3, e.g. by welding or gluing of the drive pin 3 onto
the driven shaft 2. The device further comprises a housing which is not fully shown in the

Figures. In Figure 1 a frame or motor support 4 is shown which receives the motor 1 and which

may be permanently connected to a not shown outer housing shell.

The drive pin 3 is rotationally guided in a sliding block 5 which may have at least partially a
substantially cylindrical outer shape. The sliding block 5 is guided in a sliding support 6 of a

cross slider 7. The sliding support 6 may have the form of a cylindrical hole receiving the sliding
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block 5. Further, the sliding support 6 may be provided with a long hole at its lower side as seen

in Figure 2 such that the drive pin 3 is able to pass through the cross slider 7 for engaging the
sliding block 5.

The cross slider 7 is supported in the housing, €.g. on motor support 4, by means of a first
pivotable link 8 and a second pivotable link 9. The cross slider 7 is connected to the pivotable
links 8 and 9 by means of bearing points in the form of bearing pins 10. On the opposite side of
the respective pivotable links 8 and 9 further bearing points are provided in the form of a bearing
pin 11 for pivotable link 8 and a driven shaft 12 forming the bearing pin for pivotable link 9. In
other words, the cross slider 7 is supported by means of the pivotable links 8 and 9 such that the
cross slider 7 may swivel about the respective bearing points 11 and 12 on a circular path. Due to
the small angle of rotation of the cross slider 7, the movement of the cross slider 7 is close to a

longitudinal reciprocating movement.

In the exemplary embodiment depicted in Figures 1 to 5, each of the pivotable links 8 and 9
comprises two lever sections, namely an upper lever section and a lower lever section as seen in
Figures 1 and 2, which are connected with each other to form the respective pivotable link. Each
off of the lever sections is provided with a hole or bearing sleeve such that the respective
pivotable links and engage with the respective bearing points 10, 11, 12 at two positions. This

provides for a solid pivotable support of the cross slider 7.

The pivotable link 8 may be rotatable relative to bearing pin 11 or may be rotationally
constrained to bearing pin 11. The pivotable link 9 is rotationally constrained to the driven shaft
12 such that rotation of the pivotable link 9 is directly transmitted to the driven shaft 12 which

defines a second rotary axis II.

As shown for example in Figures 2 or 5, a further frame 13 may be provided supporting bearing
pin 11 and the driven shaft 12. The frame 13 may be rigidly attached to the motor support 4
and/or to a main housing or outer shell of the device. For example, the frame 13 may be provided

with additional bearing sleeves receiving the bearing pin 11 and the driven shaft 12.

In the following, the function of the electrically driven device as depicted in Figures 1 to 5 will
be explained in more detail. Upon activation of the motor 1 drive shaft 2 rotates about the first

rotary axis I and the drive pin 3 rotates eccentrically about the first rotary axis I. The movement



10

15

20

25

CA 03038242 2019%-03-25

WO 2018/060793 PCT/IB2017/055342

7

of the drive pin 3 is transmitted to the sliding block 5 and cross slider 7. This results in a
reciprocating rotation of the cross slider 7 is guided by pivotable links 8 and 9. This movement of
the cross slider 7 may be a sinusoidal movement or a substantially sinusoidal movement.
Rotation of the cross slider 7 is transmitted via the pivotable links 9 to the driven shaft 12
performing a reciprocating rotation about the second rotary axis II. This reciprocating rotation of
the driven shaft 12 may be further transmitted e.g. to the brush head of a toothbrush (not shown

in the Figures).

The gear mechanism between the drive pin 3 and the driven shaft 12 of the exemplary
embodiment depicted in Figures 1 to 5 consists of only seven component parts, namely the
sliding block 5, the cross slider 7, the pivotable links § and 9, the bearing pins 10 and the bearing
pin 11. The number of component parts may be further reduced by omitting the sliding block 5,

i.e. by guiding the drive pin 3 directly in a e.g. slotted-like sliding support of the cross slider 7.

Figure 6 shows an alternative arrangement of the drive pin 3 with respect to the drive shaft 2 of
the motor 1. In this embodiment a further gear mechanism is interposed between the drive shaft 2
and the drive pin 3. In more detail, a pinion 14 is provided on the drive shaft 2 meshing with a
ring gear 15 which in turn carries the drive pin 3. The gear ratio between the drive shaft 2 and the
drive pin 3 may be adapted as required, e.g. depending from the torque and/or voltage of the

motor 1.

The dimensions and values disclosed herein are not to be understood as being strictly limited to
the exact numerical values recited. Instead, unless otherwise specified, each such dimension is
intended to mean both the recited value and a functionally equivalent range surrounding that

value. For example, a dimension disclosed as “40 mm” is intended to mean “about 40 mm.”
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CLAIMS
What is claimed is:

1. An electrically driven device comprising:

a housing,

an electric motor mounted in the housing and comprising a drive shaft having a first
rotary axis,

a driven shaft having a second axis and mounted in the housing for performing a
movement relative to the housing,

wherein the driven shaft is indirectly coupled to the drive shaft by means of a gear
mechanism converting a rotary motion of the drive shaft into a reciprocating motion of the
driven shaft,

wherein a drive pin is connected to the drive shaft eccentrically with respect to the rotary
axis, the gear mechanism comprises a cross slider having a sliding support which extends
perpendicular to the first rotary axis and which receives the drive pin,

wherein the cross slider is guided in the housing by means of at least two pivotable links,
and the driven shaft is coupled to the cross slider by means of one of the at least two pivotable
links, thereby converting a rotary motion of the drive shaft into a reciprocating pivoting of the

driven shaft.

2. The electrically driven device according to claim 1, wherein each of the at least two pivotable
links is pivotably hinged to a bearing point of the housing and pivotably hinged to a bearing
point of the cross slider such that the cross slider is guided to be moveable on a curved track with

respect to the housing.

3. The electrically driven device according to claim 2, wherein the driven shaft is one of the

bearing points of the housing.
4. The electrically driven device according to claim 2 or 3, wherein the driven shaft is

rotationally constrained to one of the at least two pivotable links and is rotatably guided in the

housing.

CA 3038242 2020-02-13
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5. The electrically driven device according to any one of claims 1 to 4, wherein for each of the
pivotable links the distance between the bearing point of the housing and the bearing point of the

cross slider is identical.

6. The electrically driven device according to any one of claims 1 to 5, wherein the housing
comprises a frame having a first sleeve rotatably guiding the driven shaft and a second sleeve
rotatably guiding a bearing pin which is the bearing point of the other of the at least two
pivotable links.

7. The electrically driven device according to any one of claims 1 to 6, wherein the housing

comprises a motor support and an external housing shell.

8. The electrically driven device according to any one of claims 1 to 7, wherein each of the at

least two pivotable links comprises two lever sections extending parallel to each other.
9. The electrically driven device according to any one of claims 1 to 8, wherein a sliding block
having a bearing receiving the drive pin, wherein the sliding block is axially guided in the

sliding support of the cross slider.

10. The electrically driven device according to any one of claims 1 to 9, wherein the drive pin is

directly guided in the sliding support of the cross slider.

11. The electrically driven device according to any one of claims 1 to 10, wherein the drive pin is

directly fixed to the drive shaft.

12. The electrically driven device according to any one of claims 1 to 11, wherein a pinion is

rotationally constrained to the drive shaft meshing with a ring gear which carries the drive pin.

CA 3038242 2020-02-13
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13. The electrically driven device according to any one of claims 1 to 12, wherein a sealing is
provided between the driven shaft and the housing, wherein the sealing permits pivoting of the

driven shaft with respect to the housing.

14. The electrically driven device according to any one of claims 1 to 13, wherein the gear
mechanism converts a continuous rotary motion of the drive shaft into a sinusoidal reciprocating

displacement of the cross slider.
15. The electrically driven device according to any one of claims 1 to 14, wherein the number of

the component parts of the gear mechanism between the drive pin and the driven shaft is seven

or less.

CA 3038242 2020-02-13
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