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ABSTRACT

A side brush for a robotic vacuum cleaner includes a brush
core, a plurality of bristle clusters having a first length, and a
plurality of further bristle clusters having a shorter length than
the first length. The plurality of bristle clusters and the plu-
rality of further bristle clusters are regularly distributed over
a circumferential surface of the brush core.
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SIDE BRUSH FOR A ROBOTIC VACUUM
CLEANER AND ROBOTIC VACUUM
CLEANER COMPRISING A SIDE BRUSH

CROSS-REFERENCE TO PRIOR APPLICATION

[0001] Priority is claimed to German Patent Application
No. DE 10 2014 118 136.0, filed on Dec. 8, 2014, the entire
disclosure of which is hereby incorporated by reference
herein.

FIELD

[0002] The invention relates to a side brush for a vacuum
cleaner (robotic vacuum cleaner side brush), in particular a
side brush for an autonomous, self-propelled vacuum cleaner
system (robotic vacuum cleaner), and a vacuum cleaner, in
particular a vacuum cleaner which is designed as a robotic
vacuum cleaner comprising at least one such side brush.

BACKGROUND

[0003] Vacuum cleaners or robotic vacuum cleaners have
certain shapes in a region in contact with the surface to be
cleaned in order to gather and transport the usually solid dust
and dirt particles using certain physical principles. An impor-
tant principle is the pulsed solid contact between the brush
filaments and the floor being worked on in each case, as well
as the dirt particles found thereon. In this way, said dirt
particles are mobilised and transported.

[0004] The frequently round or substantially round basic
shape of robotic vacuum cleaners makes it difficult to reach
dirt particles in corners. In order to increase the surface-
cleaning capacity, it is therefore of particular importance,
especially in robotic vacuum cleaners, for the regions to the
right and left of the suction mouth itself to be worked on by
assistive side brushes which protrude beyond the diameter of
the housing. An essential aim of such side brushes and the
bristle clusters thereof is to solely mechanically move dirt
particles found on the floor using the brush filaments of the
bristle clusters and to deliver them to the suction mouth.
[0005] Such side brushes are known, for example from EP
2 606 798 A2. Known side brushes comprise just a few
regularly spaced brush arms in the form of paintbrush-like
brushes, that is to say bristle clusters or sleeves having bristle
clusters fastened therein. The known side brushes comprise
two, three, four or five brush arms of this type, and in any case
comprise few brush arms.

[0006] The drawback of such side brushes is primarily the
unsatisfactory surface coverage. This results firstly from the
fact that a side brush comprises just a few bristle clusters, so
that a drop sensor positioned in the movement region of the
bristle clusters is not, or at least not unnecessarily, disrupted.
A drop sensor of this type is provided, in a known manner, for
detecting steps or other drops in the surface, and said drop
sensor operates on the basis of a reflection of light signals
emitted towards the floor which is detected by means of a
sensor system in each case. In a drop sensor positioned in the
movement region of the bristle clusters of a side brush, the
bristle clusters of a rotating side brush either interrupt the
beam path from the light source or the beam path to the sensor
system. Such an interruption to the beam path results in a
reduction in the quantity oflight arriving at the sensor system,
and therefore a differentiation cannot readily be made
between such an interruption and a reflection of light which
does not occur owing to a step or the like being located in front
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of'the robotic vacuum cleaner. Such a differentiation can only
be made for a few bristle clusters by taking into account the
time profile of a signal received by the sensor system and by
a conclusion being drawn on a situation in which a fall is
likely if, for example, an amount of light arriving at the sensor
system over a relatively long time period is below a threshold
value. However, the unsatisfactory surface coverage also
results from the fact that, for example in a robotic vacuum
cleaner, the speed when moving over a portion of floor to be
worked on in each case is so high relative to the rotational
speed of the side brushes that the areas covered by the indi-
vidual bristle clusters are several millimetres to several cen-
timetres apart. This leads to dirt, such as individual crumbs or
the like, not being gathered by the side brushes and remaining
on the surface to be cleaned.

[0007] In general, the driving speed of the robotic vacuum
cleaner should not be reduced because otherwise the surface
area performance of the robotic vacuum cleaner decreases.
Likewise, the quantity of bristle clusters of a side brush can-
not readily be increased owing to the requirement for detect-
ing falls. Similarly, the position of the drop sensor cannot
readily be modified because it is necessary for the drop sensor
to always be located at a certain distance in front of and
laterally next to a driven or non-driven wheel of the robotic
vacuum cleaner. The required position of the drop sensor in
this respect results in the drop sensor being positioned in the
movement region of the bristle clusters.

SUMMARY

[0008] Inan embodiment, the present invention provides a
side brush for a robotic vacuum cleaner including a brush
core, a plurality of bristle clusters having a first length, and a
plurality of further bristle clusters having a shorter length than
the first length. The plurality of bristle clusters and the plu-
rality of further bristle clusters are regularly distributed over
a circumferential surface of the brush core.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will be described in even
greater detail below based on the exemplary figures. The
invention is not limited to the exemplary embodiments. Other
features and advantages of various embodiments of the
present invention will become apparent by reading the fol-
lowing detailed description with reference to the attached
drawings which illustrate the following:

[0010] FIG. 1 is a sectional view of a portion of a robotic
vacuum cleaner comprising a side brush that is attached to a
movable side arm;

[0011] FIG. 2 is an enlarged view of the side brush from
FIG. 1; and
[0012] FIG. 3 and FIG. 4 show further embodiments of a

side brush for a robotic vacuum cleaner.

DETAILED DESCRIPTION

[0013] Inan embodiment, the present invention provides a
side brush having improved surface coverage, and a robotic
vacuum cleaner comprising at least one such side brush.

[0014] In an embodiment the present invention provides a
side brush for a robotic vacuum cleaner, referred to in the
following as a robotic vacuum cleaner side brush, or simply
side brush for short,. The robotic vacuum cleaner side brush
proposed here, comprising a brush core and bristle clusters
that are regularly distributed over a circumferential surface of
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the brush core is distinguished by a plurality of bristle clusters
having a first length and a plurality of further bristle clusters
having a shorter length than said first length, and thus by a
greater total number of bristle clusters than in previous side
brushes. The invention also relates to a robotic vacuum
cleaner comprising at least one such side brush. Such a
robotic vacuum cleaner is distinguished in that it comprises at
least one such side brush at a standard position for a side
brush, or one such side brush at each of the standard positions
for a side brush, that is to say at least two side brushes.
[0015] The robotic vacuum cleaner side brush proposed
here comprises, in brief, long bristle clusters, namely the
bristle clusters having the first length, and short, or shorter,
bristle clusters, namely the further bristle clusters. The long
bristle clusters work in the same manner as previous bristle
clusters of a robotic vacuum cleaner side brush, and the length
(first length) of these bristle clusters defines the maximum
working range of the robotic vacuum cleaner side brush and
of the brush filaments comprised thereby. The short, or
shorter, bristle clusters have a length which is such that the
brush filaments thereof do not interrupt the beam path from
and/or to the drop sensor. The function of the drop sensor is
not impaired by the robotic vacuum cleaner side brush pro-
posed here. At the same time, however, the surface coverage
of'the robotic vacuum cleaner side brush is improved owing to
the relatively high total number of bristle clusters, namely the
number of the further short, or shorter, bristle clusters. As a
result, the quality of the cleaning result increases without
reducing the driving speed of the robotic vacuum cleaner,
without having to accept an impaired detection of steps and
the like, or without having to tolerate an inconvenient posi-
tioning of the drop sensor.

[0016] In one embodiment of the robotic vacuum cleaner
side brush, a group of further bristle clusters is attached in
each case to the brush core between two bristle clusters hav-
ing the first length. As a result, a regularly alternating
sequence of long and short, or shorter, bristle clusters in the
circumferential direction is produced. The regular sequence
of the bristle clusters ensures good surface coverage of the
robotic vacuum cleaner side brush.

[0017] In a specific embodiment of the robotic vacuum
cleaner side brush, all of the further bristle clusters are of the
same length or at least substantially of the same length. In
order to improve readability, the following description will in
many cases only use the wording “of the same length”. This
should however always be read as “of the same length or at
least substantially of the same length”.

[0018] In a variant of this specific embodiment of the
robotic vacuum cleaner side brush, in each group of further
bristle clusters, the length of one further bristle cluster
increases or decreases in relation to the length of the closest
further bristle cluster. In this manner, the side brush com-
prises further bristle clusters of different lengths next to the
long bristle clusters. As a result, even when a robotic vacuum
cleaner is stationary or only moving slowly, the surface cov-
erage is improved because the long bristle clusters brush the
coverage region of the side brush along an outer circumfer-
ential line, and the shorter further bristle clusters brush the
inside of the coverage region along concentric inner circum-
ferential lines.

[0019] In an alternative variant of the robotic vacuum
cleaner side brush comprising further bristle clusters of dif-
ferent lengths, in each group of further bristle clusters, the
length of one further bristle cluster increases and decreases in
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an alternating manner in relation to the length of the closest
further bristle cluster. This also results in a plurality of inner
circumferential lines which are covered by the respective
further bristle clusters, and the robotic vacuum cleaner side
brush has good surface coverage accordingly.

[0020] In one embodiment of the robotic vacuum cleaner
side brush, the bristle clusters and the further bristle clusters
are each fastened to the brush core in an orientation that is
tangential to the circumferential surface of the brush core and
counter to the rotational direction of the robotic vacuum
cleaner side brush, for example in tangentially oriented
sleeves on the brush core and/or in tangentially oriented holes
in the brush core. This tangential orientation results in each
bristle cluster and each further bristle cluster likewise being
oriented tangentially or at least substantially tangentially to
the circumferential surface of the brush core. A bristle cluster
which runs perpendicularly into an obstacle may disadvanta-
geously influence the manoeuvrability of a robotic vacuum
cleaner. For bristle clusters oriented tangentially to the cir-
cumferential surface of the brush core, the foremost end of a
bristle cluster of the side brush in the direction of travel never
runs perpendicularly into a potential obstacle, and therefore
the disadvantageous effect on manoeuvrability that is other-
wise possible does not occur. When the bristle cluster having
the foremost end comes into contact with an obstacle, it is
deflected to a greater extent towards the tangential orientation
that is already present, and this presents at most a negligibly
small amount of resistance for the forward movement of the
robotic vacuum cleaner. Another advantage of the tangential
orientation, for example tangentially oriented sleeves or
holes, by comparison with for example radially oriented
sleeves or holes, is the low proportion of the insertion depth of
the individual bristle clusters inside each sleeve or hole when
measured in the radial direction. In tangentially oriented
sleeves or holes, each portion of a bristle cluster that is fas-
tened therein may be positioned at an insertion depth in the
sleeve or hole that goes beyond the radius of the brush core.
Comparably secure fastening of the bristle cluster in a radially
oriented sleeve or hole can only be achieved by a significantly
larger brush core, namely a brush core having a greater diam-
eter. The tangential orientation thus prevents the brush core
from having to be designed to be unnecessarily large.

[0021] In another additional embodiment of the robotic
vacuum cleaner side brush, the bristle clusters and the further
bristle clusters are arranged in at least two parallel planes on
the brush core, a plurality of bristle clusters and/or further
bristle clusters being positioned in each plane, in particular
such that the same number of bristle clusters or at least sub-
stantially the same number of bristle clusters are positioned in
each insertion plane. The use of a plurality of parallel inser-
tion planes, that is to say at least two parallel insertion planes,
makes it possible, in a particularly advantageous manner, to
increase the number of bristle clusters, as sought in order to
improve the surface coverage, without this affecting the sta-
bility of the brush core or making it necessary to design said
core to be disadvantageously large in order to improve the
stability.

[0022] An embodiment of the invention is shown in a
purely schematic manner in the drawings and will be
described in greater detail below. Corresponding objects or
elements are provided with the same reference numerals in all
the figures. The embodiment should not be understood as a
restriction of the invention. Instead, modifications are also
possible within the scope of the present disclosure, in particu-
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lar those which can be inferred by a person skilled in the art
with a view to solving the problem by, for example, combin-
ing or amending individual features and elements or method
steps that are described in connection with the general or
specific part of the description and contained in the claims
and/or the drawings, and which lead to new subject matter or
new method steps by way of combinable features.

[0023] FIG. 1 shows a robotic vacuum cleaner side brush
10, also referred to in the following as side brush 10 for short.
The side brush 10 comprises a plurality of bristle clusters 14,
16 fastened to a brush core 12 (FIGS. 2, 3 and 4). The side
brush 10 is rotatably attached by the brush core thereof to a
side arm 18 of a robotic vacuum cleaner 20, of which a portion
of'a housing 22, a wheel 24 acting as an impeller of driving
wheel and a drop sensor 26 is shown in FIG. 1. FIG. 1 is a
sectional view, in a sectional plane parallel to the floor to be
worked on, of a portion of the robotic vacuum cleaner 20,
namely a portion comprising a left side arm 18 in the direction
oftravel and a left side brush 10 accordingly. A corresponding
right side brush which is attached to a side arm in an identical
manner is not shown. The following embodiments apply
equally to the left side brush 10 and to the right side brush.
[0024] In the shown embodiment of the robotic vacuum
cleaner 20, the side arm 18 is designed to be at least pivotally
movable. Owing to this mobility or a similar mobility, the side
arm 18 together with the side brush 10 can be retracted into
the inside of the housing 22 of the robotic vacuum cleaner 20
in the event of contact with an obstacle.

[0025] During operation of the robotic vacuum cleaner 20,
the side brush 10 rotates on the free end of the side arm 18.
The two dashed circles shown in FIG. 1 show the coverage
region of the side brush 10 and the bristle clusters 14, 16
thereof. The drop sensor 26 is located within this coverage
region and the drop sensor 26 is positioned on the basis of a
required distance from the adjacent wheel 24. In order for the
robotic vacuum cleaner 20 to be stopped in due time on the
basis of a signal generated by the drop sensor 26, said signal
being generated by the drop sensor 26 if, for example, a step
is detected in front of the robotic vacuum cleaner 20, the drop
sensor 26 must be located at a certain distance (d1) in front of
the wheel 24. Furthermore, if the robotic vacuum cleaner 20
moves in parallel with a step edge or the like, or travels on
such an edge at an angle, it is necessary for the drop sensor 26
to also be located at a certain distance (d2) next to the wheel
24. The position of the drop sensor 26 in the housing 22 of the
robotic vacuum cleaner 20 is therefore substantially prede-
termined, and owing to the position of the side brush 10 which
is likewise predetermined, the drop sensor 26 must be
attached in the coverage region of the side brush 10.

[0026] As mentioned at the outset, the bristle clusters 14,16
of a rotating side brush 10 interrupt the beam path from and to
the drop sensor 26. This has previously limited the number of
bristle clusters 14, 16 of a side brush 10, because, in each case,
only a few bristle clusters 14, 16 (usually two, three, four, or,
in exceptional cases, five bristle clusters 14, 16) interrupt the
beam path for only a short time, and so a potential risk of
falling can still be detected on the basis of a signal condition
which exists for longer than such interruption periods.
[0027] However, few bristle clusters 14, 16, that is to say
two, three, four or five bristle clusters 14, 16, result in
unfavourable surface coverage of the side brush 10. To
improve the surface coverage, a possibility is thus proposed
here of a side brush 10 being provided with a greater number
of bristle clusters 14, 16 than in previous embodiments.
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Twenty bristle clusters 14, 16 can for example be provided,
without this affecting the reliability of an automatic detection
of'a possible risk of falling by means of the drop sensor 26.
[0028] The side brush 10 for a robotic vacuum cleaner 20
proposed here comprises a brush core 12 and bristle clusters
14, 16 that are regularly distributed over a circumferential
surface of the brush core 12, namely a plurality of bristle
clusters 14 having a first length (long bristle clusters 14), and
aplurality of further bristle clusters 16 having a shorter length
than the first length (short, or shorter, bristle clusters 16).
[0029] Only the long bristle clusters 14 may interrupt the
beam path from and to the drop sensor 26, i.e. for example
when the side arm 18 is pivoted. The number of the long
bristle clusters 14 corresponds to a total number of bristle
clusters 14, 16 which was previously the standard. The short,
or shorter, bristle clusters 16 do not interrupt the beam path
from and to the drop sensor 26. As a result, the short, or
shorter, bristle clusters 16 improve the surface coverage of the
side brush 10, without this affecting the reliability of the
automatic detection of a potential risk of falling by means of
the drop sensor 26.

[0030] In the shown embodiment, the side brush 10 com-
prises five long bristle clusters 14 and fifteen short, or shorter,
bristle clusters 16. The bristle clusters 14, 16 are fastened to
the brush core 12 in such an orientation that the tips of all the
bristle clusters 14, 16 are positioned in a common plane or at
least substantially in a common plane, and therefore reach as
far as to the floor being worked on in each case, so that dirt
particles found thereon are mobilised as intended.

[0031] FIG. 2 is an enlarged view of the side brush 10 from
FIG. 1. FIG. 3 and FIG. 4 show alternative embodiments of a
side brush 10 comprising long bristle clusters 14 and short, or
shorter, bristle clusters 16. In the shown embodiments of the
side brush 10 (FIGS. 2, 3 and 4), the bristle clusters 14, 16 are
each fastened to the brush core 12 in an orientation that is
tangential to the circumferential surface of the brush and in at
least two parallel planes. Furthermore the short, or shorter,
bristle clusters 16 are each attached in groups (groups of three
in this case) between two long bristle clusters 14 adjacent
thereto on either side.

[0032] Inthe embodimentofthe side brush 10in FIG. 2, the
other short, or shorter, bristle clusters 16, which are otherwise
also referred to as further bristle clusters 16, are all of the
same length. Correspondingly, the two circumferential lines
shown in FIG. 1 are produced for the regions covered by the
ends of the bristle clusters 14, 16 when a robotic vacuum
cleaner is stationary, namely a first, outer circumferential line
created by the long bristle clusters 14 and a second, inner
circumferential line created by the short bristle clusters 16.
This improves the surface coverage of the side brush 10 even
when a robotic vacuum cleaner 20 is stationary. The surface
coverage is obviously also improved when a robotic vacuum
cleaner 20 is moving.

[0033] In the embodiment of the side brush 10 shown in
FIG. 3, in each group of further bristle clusters 16, the length
of one further bristle cluster 16 increases and decreases in
relation to the closest further bristle cluster 16. In the embodi-
ment shown, the length of the further bristle clusters 16 within
a group always decreases in the rotational direction (clock-
wise). A side brush 10 in which the length of the further bristle
clusters 16 within a group increases in the rotational direction
is also conceivable.

[0034] In the embodiment of the side brush 10 shown in
FIG. 4, the length of one further bristle cluster 16 increases
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and decreases in an alternating manner in relation to the
closest further bristle cluster 16. In the embodiment shown,
each group of further bristle clusters 16 starts in the rotational
direction (clockwise) with a further bristle cluster 16 having
a medium length. The subsequent further bristle cluster 16 in
the rotational direction is shorter by comparison. The further
bristle cluster 16 following this second bristle cluster in the
rotational direction is even longer, and so the alternating
sequence of the further bristle clusters 16 of different lengths
is produced. In the embodiments shown in FIG. 3 and FIG. 4,
the further bristle clusters 16 of each group are of different
lengths so that different inner circumferential lines are
respectively produced, and an accordingly even larger surface
coverage is achieved even when a robotic vacuum cleaner 20
is stationary.

[0035] The description presented here can thus be briefly
summarised as follows: A side brush 10 for a robotic vacuum
cleaner 20 is provided, comprising a brush core 12 and bristle
clusters 14, 16 that are regularly distributed over a circumfer-
ential surface of the brush core 12, wherein the number of
bristle clusters 14, 16 is greater than in previous side brushes
10 and the side brush 10 comprises a plurality of bristle
clusters 14 having a first length and a plurality of further
bristle clusters 16 having a shorter length than the first length.
A robotic vacuum cleaner 20 comprising at least one such
side brush 10, in particular a robotic vacuum cleaner 20
comprising exactly two such side brushes 10, is likewise
provided.

[0036] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive. It will be understood that
changes and modifications may be made by those of ordinary
skill within the scope of the following claims. In particular,
the present invention covers further embodiments with any
combination of features from different embodiments
described above and below. Additionally, statements made
herein characterizing the invention refer to an embodiment of
the invention and not necessarily all embodiments.

[0037] The terms used in the claims should be construed to
have the broadest reasonable interpretation consistent with
the foregoing description. For example, the use of the article
“a” or “the” in introducing an element should not be inter-
preted as being exclusive of a plurality of elements. Likewise,
the recitation of “or” should be interpreted as being inclusive,
such that the recitation of “A or B” is not exclusive of “A and
B,” unless it is clear from the context or the foregoing descrip-
tion that only one of A and B is intended. Further, the recita-
tion of “at least one of A, B and C” should be interpreted as
one or more of a group of elements consisting of A, B and C,
and should not be interpreted as requiring at least one of each
of'the listed elements A, B and C, regardless of whether A, B
and C are related as categories or otherwise. Moreover, the
recitation of “A, B and/or C” or “at least one of A, B or C”
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should be interpreted as including any singular entity from the
listed elements, e.g., A, any subset from the listed elements,
e.g., A and B, or the entire list of elements A, B and C.

LIST OF REFERENCE NUMERALS

[0038] 10 Side brush

[0039] 12 Brush core

[0040] 14 (Long) bristle clusters

[0041] 16 (Short) further bristle clusters
[0042] 18 Side arm

[0043] 20 Robotic vacuum cleaner
[0044] 22 Housing

[0045] 24 Wheel

[0046] 26 Drop sensor

What is claimed is:

1. A side brush for a robotic vacuum cleaner, the side brush
comprising:

a brush core;

a plurality of bristle clusters having a first length; and

a plurality of further bristle clusters having a shorter length

than the first length,

wherein the plurality of bristle clusters and the plurality of

further bristle clusters are regularly distributed over a
circumferential surface of the brush core.

2. The side brush of claim 1, wherein a group of further
bristle clusters is attached in each case to the brush core
between two bristle clusters having the first length.

3. The side brush of claim 1, wherein the further bristle
clusters are of the same length.

4. The side brush of claim 2, wherein, in each group of
further bristle clusters, the length of one of the further bristle
clusters is longer or shorter in relation to the length of a
closest of the further bristle clusters.

5. The side brush of claim 2, wherein, in each group of
further bristle clusters, the length of the further bristle clusters
increases and decreases in an alternating manner in relation to
a closest of the further bristle clusters.

6. The side brush of claim 1, wherein the bristle clusters
and the further bristle clusters are each fastened to the brush
core in an orientation that is tangential to the circumferential
surface of the brush core.

7. The side brush of claim 6, wherein the bristle clusters
and the further bristle clusters are fastened to the brush core
such an orientation that the tips of all the bristle clusters and
of all the further bristle clusters are positioned in a common
plane.

8. The side brush of claim 1, wherein the bristle clusters
and the further bristle clusters are arranged in at least two
parallel planes on the brush core, and wherein a plurality of
the bristle clusters and/or a of the further bristle clusters is
positioned in each plane.

9. A robotic vacuum cleaner comprising at least one side
brush according to claim 1.
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