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A robotic work tool system and a charging connector arrangement for a robotic
work tool system.

TECHNICAL FIELD

This application relates to a robotic work tool system for improved
charging, and in particular to a robotic work tool system for improved charging while
ensuring a safe operation and for minimizing the wear and tear of a work area in which

the robotic work tool is to operate within.

BACKGROUND

Many contemporary robotic working tools, such as robotic lawnmowers, are
designed to work in a work area defined by a boundary, for example through the use of a
boundary wire. Electrical robotic work tools operate inside the working area and are driven
by battery power. To recharge the batteries of the robotic work tool a charging station is used
that the robotic work tool enters when the battery power drops below a certain level or when
an operating program, such as a mowing program, is finished. Alternatively, the robotic work
tool is propelled using a combustion engine, in such an alternative, the robotic work tool is
configured to enter a service station for example for taking on additional fuel.

Traditionally, robotic work tools are of a relatively small size so that they are
suitable for operating in a private sphere such as in a home or an office for robotic work tools
such as vacuum cleaners or a garden for lawnmower robots. The charging stations for such
traditional robotic work tools are of a drive-in model where the robotic work tool enters the
charging station from the front, makes contact with charging contacts or other power
transferring means, and, when fully charged, reverses out of the charging station to continue
operation.

As technology evolves more and more advanced uses are becoming available
for robotic work tools. Examples of such more advanced uses are lawnmowers with a greater
capability for mowing larger areas and farming equipment which are being made possible by
evolved battery and electrical motor technology. These robotic work tools are of a larger size

and also often prone to more wear and tear and rougher operating conditions. In one instance
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the rougher operating conditions are a result of the operating area being larger and the
operating excursion of a longer duration under which the robotic work tool is subjected to
more dirt and other environmental factors, wind, blowing debris et.c..

Traditional servicing stations (such as charging stations or fuelling stations) are
not suitable for such evolved robotic work tools in that the construction of the charging
station becomes too heavy. Traditional servicing stations also block the travel path of a
robotic work tool that may be unable to reverse. The traditional charging stations are thus
limiting with regards to for example placement.

Furthermore, traditional service stations also suffer from lawn wear being
caused in the area surrounding the service station by the robotic work tool as it attempts to
align with and dock with the service station.

Traditional service stations also require more time and effort to be aligned with.

There is thus a need for a robotic work tool system adapted for more

complicated robotic work tools

SUMMARY

It is an object of the teachings of this application to overcome the problems listed
above by providing a robotic work tool system, comprising a charging station and a robotic
work tool, said robotic work tool comprising two charging connectors arranged on an upper side
of the robotic work tool and said charging station comprising two charging connectors and a
supporting structure arranged to carry said charging connectors and to extend over said robotic
work tool as the robotic work tool enters the charging station for establishing electrical contact
between the charging connectors of the robotic work tool and the charging connectors of the
charging station from above, wherein said supporting structure is arranged to allow the robotic
work tool exit the charging station by driving through the charging station without reversing.

This enables the charging station to be used with two-part models, such as
articulated models, as well as one-part models and it also reduces the tracks and lawn-wear in
the area surrounding the charging station. It also reduces the size necessary for the charging

station as the charging connectors only need to be carried on a small supporting structure
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extending over the robotic work tool. As the robotic work tool is supposed to drive through the
charging station, the supporting structure may not block the travel path of the robotic work tool.

In on embodiment the charging connectors of the robotic work tool are arranged in
series. This further reduces the size necessary for the supporting structure, making the charging
station even smaller.

In on embodiment the charging connectors of the robotic work tool are arranged on
one side of the upper side of the robotic work tool with regards to the direction of movement of
the robotic work tool. This further decreases the necessary size of the supporting structure.

A smaller structure is also easier to make in a strong and robust manner with out
affecting the weight so that the arrangement would be difficult to transport or install.

The extending structure also enables for an easy addition of a roof or other
superstructure. The extending structure coupled with a cover or roof thereby enables the
charging station to protect components that are sensitive to wear and tear and other influences
from the environment.

In one embodiment the charging connector of the charging station is arranged as a
collector shoe gear. This enables the charging connectors to clean each other by scraping of dirt.
It also allows for variance in the height of the robotic work tool to be charged.

Further benefits of the teachings herein include, but are not limited to, that the
charging connector arrangement is arranged to provide a constant contact pressure independent
of the height, tilt and sideways position of the robotic wok tool and the service station is able to
receive a robotic work tool in either direction. The charging station according to herein is thus
arranged to accept and cope with variances in sideways position and sideways tilting of a robotic
work tool to be serviced.

The robotic work tool and the charging station according to the teachings herein is
thus suitable for operation in dirty and rough environments and will be able to function even
after being subjected to wear and tear such as being covered in dirt and/or slightly rusted,
situations in which rolling wheel contacts may not be able to function correctly.

In one embodiment the robotic work tool is a robotic lawnmower. In one
embodiment the robotic work tool 100 is a farming equipment. In one embodiment the robotic

work tool 100 is a golf ball collecting tool. The robotic work tool 100 may also be a vacuum
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cleaner, a floor cleaner, a street sweeper, a snow removal tool, a mine clearance robot or any
other robotic work tool that is required to operate in a work area in a methodical and systematic
or position oriented manner.

The inventors of the present invention have realized, after inventive and
insightful reasoning that by providing for a drive-through arrangement the supporting
structure may be made sufficiently small to be easy to transport.

Furthermore, the use of connector rails and sliding contacts provide for an easy
to maintain system which is robust and also accommodates for variance in heights of robotic
work tools to be charged.

It is an object of the teachings of this application to overcome the problems
listed above by providing a charging connector arrangement for a robotic work tool
system comprising a robotic work tool and a charging station, said charging connector
arrangement comprising a rail connector arranged on said robotic work tool and a mating
charging connector arranged on said charging station, said mating charging connector
being movably connected to said charging station through a lever arrangement to enable a
reduced friction and reducing an impact when said robotic work tool enters said charging
station and said mating charging connector makes contact with said connector rail.

It 1s an object of the teachings of this application to overcome the problems
listed above by providing a service station is provided, said service station robotic work tool
system, comprising a service station and a robotic work tool, said robotic work tool
comprising at least one corresponding connector arranged on an upper side of the robotic
work tool and said service station comprising at least one mating connector and a
supporting structure arranged to carry said at least one mating connector and to extend over
said robotic work tool as the robotic work tool enters the service station for establishing an
energy transfer contact between the at least one corresponding connector of the robotic work
tool and the at least one mating connector of the service station from above, wherein said
supporting structure is arranged to allow the robotic work tool to exit the service station by

driving through the charging station.
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Other features and advantages of the disclosed embodiments will appear
from the following detailed disclosure, from the attached dependent claims as well as
from the drawings.

Generally, all terms used in the claims are to be interpreted according to
their ordinary meaning in the technical field, unless explicitly defined otherwise herein.
All references to "a/an/the [element, device, component, means, step, etc]" are to be
interpreted openly as referring to at least one instance of the element, device,
component, means, step, etc., unless explicitly stated otherwise. The steps of any
method disclosed herein do not have to be performed in the exact order disclosed,

unless explicitly stated.

BRIEF DESCRIPTION OF DRAWINGS

The invention will be described in further detail under reference to the
accompanying drawings in which:

Figure 1 shows a schematic overview of a robotic work tool according to one
embodiment of the teachings of this application;

Figure 2 shows a schematic view of a robotic working tool system according
to one embodiment of the teachings of this application;

Figure 3 shows a schematic view of a robotic work tool system according to
one embodiment of the teachings of this application;

Figure 4 shows an enlarged sectional schematic view of a robotic work tool
system according to one embodiment of the teachings of this application;

Figure 5 shows an enlarged sectional schematic view of an alternative robotic
work tool system according to one embodiment of the teachings of this application;

Figure 6 shows a detailed view of a robotic work tool system according to one
embodiment of the teachings of this application; and

Figure 7 shows a schematic example a service station according to one

embodiment of the teachings of this application.
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DETAILED DESCRIPTION

The disclosed embodiments will now be described more fully hereinafter
with reference to the accompanying drawings, in which certain embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided by way of example so that this disclosure will
be thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements throughout.

Figure 1 shows a schematic overview of a robotic work tool 100 having a body
140 and a plurality of wheels 130. In the exemplary embodiment of figure 1 the robotic work
tool 100 has 4 wheels 130, two front wheels 130’ and the rear wheels 130”. At least some of
the wheels 130 are drivably connected to at least one electric motor 150. It should be noted
that even if the description herein is focussed on electric motors, combustion engines may
alternatively be used possibly in combination with an electric motor.

In the example of figure 1, the rear wheels 130" are connected to each an electric
motor 150. This allows for driving the rear wheels 130" independently of one another which,
for example, enables steep turning.

The robotic work tool 100 also comprises a controller 110. The controller 110
may be implemented using instructions that enable hardware functionality, for example, by
using executable computer program instructions in a general-purpose or special-purpose
processor that may be stored on a computer readable storage medium (disk, memory etc) 120
to be executed by such a processor. The controller 110 is configured to read instructions from
the memory 120 and execute these instructions to control the operation of the robotic work
tool 100. The controller 110 may be implemented using any suitable, publically available
processor or Programmable Logic Circuit (PLC). The memory 120 may be implemented
using any commonly known technology for computer-readable memories such as ROM,
RAM, SRAM, DRAM, FLASH, DDR, SDRAM or some other memory technology.

The robotic work tool 100 further has at least one sensor 170, in the example of
figure 1 there are two sensors 170, arranged to detect a magnetic field (not shown). The

sensors are connected to the controller 110 and the controller 110 is configured to process any
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signals received from the sensors 170. The sensor signals may be caused by the magnetic
field caused by a control signal being transmitted through a boundary wire (for more details
on charging stations, control signals and boundary wires, see the description below with
reference to figure 2). This enables the controller 110 to determine whether the robotic work
tool 100 is inside or outside an area enclosed by a boundary wire.

The controller 110 is connected to the motors 150 for controlling the propulsion
of the robotic work tool 100 which enables the robotic work tool 100 to service an enclosed
area without leaving the area.

The robotic work tool 100 also comprises a work tool 160, which may be a grass
cutting device, such as a rotating blade 160 driven by a cutter motor 165. The cutter motor
165 is connected to the controller 110 which enables the controller 110 to control the
operation of the cutter motor 165. The controller is also configured to determine the load
exerted on the rotating blade, by for example measure the power delivered to the cutter motor
165 or by measuring the axle torque exerted by the rotating blade. The robotic work tool 100
is, in one embodiment, a robotic lawnmower.

The robotic tool may be powered by an electric motor 180 or a combustion
engine 180, or a combination of the two. Below will be given a short description of both such
systems.

In the event that the robotic work tool is powered by a combustion enginel80,
the robotic work tool 100 also has a fuel tank 180 for providing fuel to the a combustion
engine 150 driving the wheels and possibly the cutter 160. Alternatively, the fuel tank 180
also provides fuel to a cutter engine 165. Connected to the fuel tank 180 is a fuel intake
adapted to establish a servicing connection with a corresponding mating connector
(referenced 230 in figure 2) on a service station (referenced 210 in figure 2) for receiving fuel
from service station (referenced 210 in figure 2). In the event that the robotic work tool is
powered by an electric motor 180, the robotic work tool 100 also has (at least) one battery 180
for providing power to the motors 150 and the cutter motor 165. Connected to the battery 180
is two charging connectors, such as charging plates or charging rails 185 adapted to establish
an electrical connection with a corresponding mating charging connector (referenced 230 in

figure 2) on a charging station (referenced 210 in figure 2) for receiving a charging current
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from a charger (referenced 220 in figure 2) of the charging station (referenced 210 in figure
2). In one embodiment the charging connectors 185 are adapted to establish the electrical
contact by establishing physical contact which is maintained through a biased member, such
as by a spring or an inherent resilience of a flexible material being used as the charging
connectors (230) of the charging station (210).

The charging connectors 185 are arranged on an upper portion of the robotic
work tool 100 so that they are accessible from above. In one embodiment the charging
connectors 185 are arranged on the upside of the robotic work tool 100.The charging
connectors 185 are furthermore arranged on one side of the robotic work tool 100 which
enables a supporting member arranged to carry corresponding charging connectors (such as a
support structure referenced 270 in figure 2) to only extend over a portion of a side of the
robotic work tool 100. In this context the one side of the robotic work tool 100 is in relation to
an imaginary halfway line across the width of the robotic work tool 100 seen in a direction of
movement of the robotic work tool 100, i.e. a left side or a right side. The charging connectors
185 are arranged on one side of the robotic work tool with respect to an imaginary halfway
line going through the robotic work tool parallel to a direction of movement of the robotic
work tool 100.

In one embodiment the robotic work tool 100 is of an articulated two-part model
as is shown in figure 2. It should be noted however, that the teachings herein are also possible
for one-part models and other two part models.

Figure 2 shows a schematic view of a robotic working tool system 200
comprising a charging station 210 and a boundary wire 250 arranged to enclose a working
area 205, the working area 205 not necessarily being a part of the robot system 200.

The robotic work tool 100 of figure 2 is of a two-part model having a first
operating part 100A comprising operating means 160. In the example of figure 2, the robotic
work tool 100 being a robotic lawnmower, the operating part 100A comprises two cutting
blades 160. It should be noted that, in one embodiment, the operating part 100A may be
interchangeable. This allows for using the same robotic work tool 100 for different
operations. The robotic work tool 100 also has a second driving part 100B, which, in the

example of figure 2, comprises the driving means (electrical motor) and batteries (not shown).
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In the example of figure 2, the charging connectors 185 are arranged on the second part 100B
of the robotic work tool 100 so that they are easily connected to the batteries (not shown).

The charging station 210 has a charger 220 coupled to, in this embodiment, two
mating charging connectors 230. The mating charging connectors 230 are arranged to co-
operate with corresponding charging connectors 185 of the robotic work tool 100 for charging
the battery 180 of the robotic work tool 100. The mating charging connectors 230 of the
charging station are arranged on a support structure 270 which is arranged to rise above the
robotic work tool 100 as the robotic work tool 100 docks in the charging station. In this
manner the mating charging connectors 230 of the charging station 210 may establish
electrical contact with the corresponding charging connectors 185 of the robotic work tool
100 from above.

By establishing the connection from above many advantages are provided for,
one being enabling a drive-through charging (or servicing) system for the robotic work tool
100 as there is no longer a wall or other structure in front of the robotic work tool 100 holding
the charging connectors as in many prior art systems where a robotic work tool 100 drives up
to a charging station and presses against it using motor force. The clever charging connector
arrangement 230 disclosed herein enables a secure connection without having to exert such
driving pressure.

By using a drive-trough charging station the lawn will be cut more evenly
around the charging station 210 avoiding aesthetically unpleasing patterns in the lawn. Using
a drive-through servicing station, especially ne that a robotic work tool can enter from either
direction, enables the robotic work tool to more easily find the charging station and enter it
without repeated and excessive operation (such as grass cutting) in one and the same
area(such as the entrance to the charging station).

Furthermore, by establishing the connection from above the protection for the
connectors is provided for by the support structure carrying the connectors. The support
structure can be designed to provide shelter against rain or other environmental factors, for
example by simple providing the structure with a roof or other cover. Also, as the charging
connectors are placed at an upper side, they will be less subjected to debris, dirt and waste

products (such as cut grass).
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Furthermore, drive-in charging systems, such as in the prior art, generally
require comparatively large structures in order to provide protective shelter for the charging
connectors, which becomes a problem, especially for larger robotic work tools as the
protective shelter will increase in size according to the size of the robotic work tool, making
the resulting large charging station difficult to transport and to install as has been discussed in
the background section. This will be discussed in greater detail in the embodiments below.

To enable a reduced size of the charging station, the charging connectors 185 of
the robotic work tool and the corresponding mating charging connectors 230 of the charging
station 210 are arranged in series — and not in parallel — with reference to a movement
direction of a robotic work tool entering the charging station. This allows for a charging
station to be made smaller as the support structure 270 of the charging station (making up the
protective cover for the charging contacts) only need to extend over the two charging
contacts. By arranging the mating charging connectors 230 in series and by enabling a drive-
through operation, the support structure 270 may only need to extend partially over one side
of the robotic work tool 100 (when docked). This significantly reduces the size of the
charging station which enables the charging station 210, and especially the support structure
270, to be made in a robust design suitable for outdoor use, without making the charging
station 210 unsuitable for easy transport.

Drive-in charging systems are also unsuitable for use with some robotic work
tools, for example an articulated two-part model not having advanced steering capabilities, as
they may be unable to reverse out of the charging station, depending on the design and
allocation of the driving means of the robotic work tool. This will also be discussed in greater
detail in the embodiments below

The charging station 210 also has, or may be coupled to, a signal generator 240
for providing a control signal (not shown) to be transmitted through the boundary wire 250.
The control signal preferably comprises a number of periodic current pulses. As is known in
the art, the current pulses will generate a magnetic field around the boundary wire 250 which
the sensors 170 of the robotic work tool 100 will detect. As the robotic work tool 100 (or
more accurately, the sensor 170) crosses the boundary wire 250 the direction of the magnetic

field will change. The robotic work tool 100 will thus be able to determine that the boundary



10

15

20

25

30

WO 2015/108454 PCT/SE2014/050044
11

wire has been crossed. The use of more than one sensor 170 enables the controller 110 of the
robotic work tool 100 to determine how the robotic work tool 100 is aligned with relation to
the boundary wire 250 by comparing the sensor signals received from each sensor 170. This
enables the robot to follow the boundary wire 250, for example when returning to the
charging station 210 for charging.

Traditionally, the charging station 210 may also have a guide cable 260 for
enabling the robot to find the entrance of the charging station 210. In one embodiment the
guide cable 260 is formed by a loop of the boundary wire 250. The use of a drive-through
servicing station makes it possible for the robotic work tool to find its way to the servicing
station without a guide cable, y simply arranging the charging station in line with the
boundary cable.

It should be noted that other means of creating a boundary of the work area and
means for detecting such a boundary, as well as other means of finding and navigating to and
into the service station are possible and should be seen as to be covered in this application.
The means disclosed above are but one example of how such a robotic work tool may be
implemented.

Figure 3 shows a schematic view of a robotic work tool system, such as the
robotic work tool system 200 of figure 2. A robotic work tool 100 is docked in a charging
station 210. The docking station 210 has a support structure extending (at least) partially
over the robotic work tool 100. The support structure 270 is arranged to carry two mating
charging connectors (not shown in figure 3, but shown in detail in figure 4 and 5) for
cooperation with corresponding charging connectors on the robotic work tool (not shown
in figure 3, but shown in detail in figure 4 and 5).

As can be seen in figure 3, the drive-through concept for the charging station
210 enables for a small, yet sturdy design, especially for the support structure 270
carrying the mating charging connectors. By arranging the corresponding charging
connectors on one side of an upper side of the robotic work tool, and possibly also in
series, the support structure need only be of a relatively small size irrespective of in which
part (referenced 100A and 100B in figure 2) of the robotic work tool 100 that the

corresponding charging connectors are arranged.



WO 2015/108454 PCT/SE2014/050044
12

For example, using a traditional drive-in charging station, a support member
carrying the charging connectors would need to reach across substantially the entire
length of the robotic work tool 100 to reach charging connectors arranged on the rear part
of the robotic work tool 100. Alternatively, charging connectors may need to be placed in
the operating part (100A) of the robotic work tool 100 in order to enable charging in a
drive-in charging station as in the prior art. However, this would make the operating part
(100A) difficult to interchange as the charging connectors would require disconnecting
and reconnecting. Furthermore, one prior art charging station solution of having a
charging connector on a side of the robotic work tool is especially prone to wear and tear
in that the charging connector has to extend at a level where it is subjected to debris and
waste and is also sensitive to sideways collision damage. These problems and others are
solved by a robotic work tool system 200 as in figures 3 and 4.

The support structure 270 is arranged to provide protective cover for the
parts that are sensitive and/or vulnerable, such as the charging connectors (referenced 230
in figure 2), to protect from rain and other environmental factors, by extending around the
charging connectors. As only the charging connectors need be protected, the support
structure 270 need not be made larger than to extend around the charging connectors, and
if they are placed on one side of the robotic work tool 100, the support structure can be
made comparatively small.

As has been mentioned in the above, the comparatively small size of the
support structure 270 enables for maintaining a low weight, while still allowing the
support structure to be sturdy and robust to protect against external force. For example,
the support structure 270 may be designed to be able to support the weight of a sitting
person enabling a care taker to use the charging station as a resting place without risking
damaging the charging station 210.

Figure 4 shows an enlarged sectional schematic view of a robotic work tool system
200, as in figure 3. The charging connectors 185 of the robotic work tool 100 are arranged in
series, with relation to a direction of movement of the robotic work tool 100. Corresponding
mating charging connectors 230 of the charging station 210 are arranged to extend from the

support structure 270 through each a lever arrangement 235. In the example embodiment of
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figure 4, the lever arrangement 235 is arranged to move in a direction substantially parallel to
the direction of the robotic work tool’s 100 movement as well as in a movement up and down.

The movement in the direction of the robotic work tool’s 100 movement allows for
the up/down movement to be smooth and with as little friction as possible as the charging
connectors 185 of the robotic work tool 100 simply lifts the lever arrangement 235 to a suitable
height by moving the mating charging connector 230 forwards which simultaneously moves the
mating charging connector 230 upwards.

The movement up and down allows for variations in height of the robotic work tool
100 to be charged. The movement up/down also allows for establishing a proper contact
between the corresponding charging connectors 185 and the mating charging connectors 230. It
also enables for providing a substantially constant contact pressure, regardless of the height of
the robotic work tool, and the arrangement is thus suitable for use with different models.

In one embodiment the mating charging connectors 230 of the charging station 210
are implemented as a collector shoe gear arrangement.

In one embodiment the lever arrangements 235 are biased downwards by their own
weight to ensure a proper contact is established between the corresponding charging connectors.

In one embodiment, as in the example of figure 4, the lever arrangements 235 are
spring-biased, for example through a spring 245, to ensure that an improved contact is
established between the charging contacts 185 of the robotic work tool 100 and the charging
contacts 230 of the charging station 210.

By applying a biasing force to the lever arrangement 235, the connectors 230 and
185 are brought into better contact with each other. Furthermore, by being pressed against each
other the connectors 230 and 185 clean each other’s surfaces upon contact by scraping against
each other, thereby removing cut grass, leaves and other debris commonly found in a garden that
may have clung to either of the mating charging connectors 230 or 185. This is also beneficial
for preventing erosion on either of the connectors 185 and 230.

Figure 5 shows an alternative embodiment of a charging station 210, wherein the
lever arrangement 235 is of a scissor-like construction. The construction may be implemented as
a (inverted) pantograph. This allows for accepting a robotic work tool 100 to be charged from

either direction. The lever arrangement 235 of figure 4 is best used to allow a robotic work tool
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100 to enter from one side, whereas the lever arrangement 235 of figure 5 allows a robotic work
tool 100 to enter from either direction. The lever arrangement 235 of figure 5 also folds away
nicely in case of a collision. The lever arrangement of figure 4 may also be used in a system that
allows for entry in either direction, but the dimensions of the lever arrangement must be better
adapted to the height of the robotic work tool so that no unnecessary collision forces are exerted
upon contact.

As can be seen in figure 5, the mating charging connector 230 may comprise on
insulating member 232 carrying two sliding contacts (231). Alternatively, the mating charging
connector may be comprised of two separate charging connectors, as in figure 4 and 6.

Figure 6 shows a detailed view of a robotic work tool system 200 as in figures 2, 3,
4 and 5 emphasizing on the charging connectors 185 of the robotic work tool 100 and the
corresponding mating charging connectors 230 of the charging station 210.

Even though figure 6, shows a lever arrangement as in figures 3 and 4, it should be
noted that the same type of connectors 230 may be used with a lever arrangement 235 as in
figure 5.

In the embodiment of figure 6, the mating charging connector 230 of the charging
station comprises a sliding contact 235. In one embodiment the sliding contact comprises a
collector shoe gear 230. And, the charging contact 185 of the robotic work tool 100 is a
connector rail 185.

In one embodiment the collector shoe gear 230 is substantially wider than the
connector rail 185. This allows for discrepancy and variance in the position of the robotic work
tool 100 with respect to the charging station 210 and also placement of the connector rail(s) 185
on the robotic work tool 100. The charging station may thus be used with different types of
robotic work tools 100 and also allow for smaller errors in navigation.

In the example of figure 6, the connector rail(s) 185 are arranged on a rail support
187 having a front slanting portion 187A. The front slanting portion 187A enables a smoother
directed entry into the charging station 210 as also the rail support 187 assists with raising a
collector shoe 230, should the collector shoe gear 230 be at a level lower than the connector

rail(s) 185 as the robotic work tool 100 enters the charging station 210.
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This also allows for slight deviations in robotic work tool entry angles and robotic
work tool heights. It also protects the sliding contacts and the hull of the robotic work tool 100
from collision damage.

In one embodiment the rail support 187 is also arranged to have slanting sides
187B. This enables electrical contact to be established even if the robotic work tool is entering
the charging station at a leaning angle.

In one embodiment the driving part 100B of the robotic work tool 100 comprises a
chassis (not explicitly shown) and a hull 195 covering the chassis and the connector rail 187 is
arranged on the chassis of the robotic work tool 100 to protrude through a corresponding
opening in the hull. The opening in the hull is clearly visible in figure 5 and referenced 190.
This allows for an easier assembly, disassembly and reassembly of the robot as no connector
wires are needed between the upper hull and the covered chassis. The hull 190 can thus simply
be removed and replaced without the need for disconnecting and reconnecting any wires.

The collector shoe gear arrangement for the connector 230 comprises a sliding
shoe contact 231 which is arranged to establish contact with the corresponding charging
connector rail 185 of the robotic work tool 100. The sliding shoe contact 231 is arranged to be
carried on an insulating member 232 insulating the sliding shoe contact 231 from the lever
arrangement 235.

The sliding shoe contact is arranged to be angled on the face 232 meeting the
connector rail 185 as the robotic work tool 100 enters the charging station 210. Furthermore, the
sliding shoe may be movably arranged to the insulating member 232 (or, alternatively, the
insulating member 232 is movably arranged on the lever arrangement) to allow movement of the
sliding shoe contact upon contact with the connector rail 185. This reduces the friction and
impact between the charging rail 185 and the sliding shoe contact 231 as the robotic work tool
100 enters the charging station 210. This arrangement also protects the connectors 185 and 230
from collision damage.

In one embodiment (as shown in the figures) the insulating member 232 is
arranged with corresponding angled portions.

In one embodiment, as in figure 6, the sliding shoe contact 231 is also angled on

the face leaving the charging rail 185 as the robotic work tool 100 exits the charging station 210.
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This reduces the wear and tear between the charging connectors 185 and 230. This also allows
for multiple direction entry as in the embodiment of figure 5.

In one embodiment the sliding contact 231 is arranged with a partition which
effectively shapes the sliding contact 231 into at least two contact surfaces 233. In one
embodiment, as in figure 6, the contact surfaces are shaped to be pointed. The use of multiple
contact points reduces eroding and also reduces the risk of electrical discharge. The pointed
shape reduces the contact surface of the sliding contact 231 which increases the pressure in the
contact point 233 which improves the electrical connection between the connectors.

The sliding contact 231 is thus formed to have at least one wing 234 and at least
two contact points 233 separated by a partition 236. Due to the angling of the wings 234
abutting the contact points 233 the contact points 233 are arranged to be pointed and have a
small contact surface.

The arrangement of multiple contact points and that are shaped to increase the
contact pressure in the contact points enable for high charging currents to be used (around 10 A,
and above 2 A) and the charging station can thus be used for larger and possibly more
complicated robotic work tools 100 that the charging stations of the prior art would not be able
to provide a sufficient charging current to.

Furthermore, in one embodiment with two connector rails 185, the connector rails
185 are arranged spaced apart on the same rail support 187. Arranged in between the two
connector rails 185 may be an insulating material. The connector rails 185 should be spaced
apart a distance wider than the length of a corresponding collector shoe 236 partition to ensure
that the charging system is not short circuited. In one embodiment the collector shoe partition
236 has a width of 18 mm and the connector rails are spaced apart 26 mm. In one embodiment
the connector rails 185 are each 94.5 mm long and the collector shoes 230 are spaced apart 120
mm.

In one embodiment the sliding contact 231 is rotatably connected to the collector
shoe arrangement 230 (as has been disclosed in the above). This enables for the sliding contact
231 to move and adapt to a connector rail 185 that hits the collector shoe 230 at an angle other
than a preferred angle. This reduces the wear and tear on the collector shoe arrangement 230 and

prolongs the effective life time of the charging contacts.
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Suitable dimensions of the rails 185, the rail support 187, the lever system holding
the charging connectors 230 and the charging connectors 230 depend on many design variables,
such as the docking speed of the robotic work tool 100, the charging current and the accuracy of
the positioning of the robotic work tool 100. It also depends on the exact model of the robotic
work tool to be charged. Above has been given some examples of dimensions, but it should be
understood that the dimensions may vary between different systems.

Rolling wheels would for example be more prone to eroding and electrical
discharge. Especially the rolling wheels would be more sensitive to wear and tear especially in
the wheel bearings. Also, they would be sensitive to debris and waste and a wheel partially
covered in waste may not be able to establish an electrical connection if the covered portion of
the wheel is in contact with a corresponding connector. The same applies to charging connectors
which are pressed against each other simply by the weight of the robotic work tool standing
parked in the charging station. Furthermore a system in which the robotic work tool 100
continues to press against the mating charging connectors 230 of the charging station is also
prone to eroding and electrical discharge caused by the repeated minute collisions that arise in
such a system.

In one embodiment the charging station is a service station for refuelling a robotic
work tool operating using a combustion engine (or a combustion engine in combination with an
electric motor). The charging or service station may then be arranged with one mating service
connector 230 which is arranged to mate with a fuel intake. The mating service connector 230
may be biased using a pantograph structure such as in figure 5 or a lever structure such as in
figure 4 to enter a fuel intake 185 as the fuel intake 185 is positioned under the mating service
connector 230. Figure 7 shows a schematic example of such a service station 210. Such a service
station may benefit from may of the advantages listed and discussed above for a service station
being a charging station. For example, the position of the mating connector 230 enables for a
drive through arrangement. The fuel inlet 185 may be protected by an extending structure. The
fuel inlet may also be arranged with a guiding surface for guiding the mating connector 230 into
the fuel inlet 185. The mating connector 230 may be spring biased to automatically be inserted
into the fuel inlet 185 upon mating. The mating connector may be arranged as a (flexible) pipe

for protruding into the fuel inlet 185 upon mating.
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References to 'computer-readable storage medium', ‘computer program
product’, 'tangibly embodied computer program' etc. or a 'controller’, ‘computer’, 'processor’ etc.
should be understood to encompass not only computers having different architectures such as
single/multi- processor architectures and sequential/parallel architectures but also specialized
circuits such as field-programmable gate arrays (FPGA), application specific circuits (ASIC),
signal processing devices and other devices. References to computer program, instructions, code
etc. should be understood to encompass software for a programmable processor or firmware such
as, for example, the programmable content of a hardware device whether instructions for a
processor, or configuration settings for a fixed-function device, gate array or programmable logic
device etc.

One benefit of the teachings herein is that the charging station is arranged to
manage large charging currents. Another advantage is that the drive-through design reduces the
tracks and lawn-wear in the area surrounding the charging station 210. Another benefit is that
the charging station is enabled to allow for variations in height due to different robotic work tool
models, wear, and dirt. The shape of the sliding contact brings about the benefit that the contact
between the robotic work tool and the charging station is guided. And another benefit is that the
arrangement reduces the need for cabling between different parts of the robotic work tool
making assembly, disassembly and reassembly easier.

The invention has mainly been described above with reference to a few
embodiments. However, as is readily appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally possible within the scope of the

invention, as defined by the appended patent claims.
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CLAIMS

1. A robotic work tool system (200), comprising a service station (210)
and a robotic work tool (100), said robotic work tool (100) comprising at least one
corresponding connector (185) arranged on an upper side of the robotic work tool (100)
and said service station (210) comprising at least one mating connector (230) and a
supporting structure (270) arranged to carry said at least one mating connector (230)
and to extend over said robotic work tool (100) as the robotic work tool (100) enters the
service station (210) for establishing an energy transfer contact between the at least one
corresponding connector (185) of the robotic work tool (100) and the at least one
mating connector (230) of the service station from above, wherein said supporting
structure is arranged to allow the robotic work tool (100) to exit the service station (210)

by driving through the charging station (210).

2. The robotic work tool system (200) according to claim 1, wherein said
energy transfer is a transfer of fuel and said at least one corresponding connector (185)

being a fuel inlet.

3. The robotic work tool system (200) according to claim 1, wherein said
energy transfer is a transfer of an electrical charging current, said at least one

corresponding connector (185) being a charging connector (185) .

4. A robotic work tool system (200), comprising a charging station (210)
and a robotic work tool (100), said robotic work tool (100) comprising at least one
charging connector (185) arranged on an upper side of the robotic work tool (100) and
said charging station (210) comprising at least one mating charging connector (230)
and a supporting structure (270) arranged to carry said mating charging connectors
(230) and to extend over said robotic work tool (100) as the robotic work tool (100)
enters the charging station (210) for establishing energy transfer contact between the
charging connectors (185) of the robotic work tool (100) and the charging connectors

(230) of the charging station from above, wherein said supporting structure is arranged
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to allow the robotic work tool (100) to select to exit the charging station (210) by
driving through the charging station (210) or reversing.

5. The robotic work tool system (200) according to claim 4, wherein the
charging connector (230) of the charging station (210) is arranged on a lever

arrangement (235), said charging connector being a collector shoe gear (230).

6. The robotic work tool system (200) according to claim 5, wherein the
collector shoe gear (230) is arranged with an angled portion (234) on a face of the
charging connector (230) facing the robotic work tool (100) as the robotic work tool

(100) enters the charging station (210).

7. The robotic work tool system (200) according to claim 6, wherein the
collector shoe gear (230) is arranged on an insulating member 232 also being arranged
with an angled portion (234) on a face of the insulating member (232) facing the robotic
work tool (100) as the robotic work tool (100) enters the charging station (210).

8. The robotic work tool system (200) according to claim 5, 6 or 7,
wherein the collector shoe gear (230) is arranged with a partition (236) to provide at

least two contact points (233).

9. The robotic work tool system (200) according to claim 8, wherein the

contact points (233) are pointed.

10. The robotic work tool system (200) according to any of claims 5 to 9,

wherein the lever arrangement (235) is of a pantograph design.

11. The robotic work tool system (200) according to any of claims 5 to 10,
wherein the lever arrangement (235) is arranged to move forwards and upwards as the

robotic work tool (100) enters the charging station (210) to make contact between the
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charging connectors (230) of the charging station and the charging connectors (185) of

the robotic work tool (100).

12. The robotic work tool system (200) according to any of claims 4 to 11,
wherein the charging connectors (185) of the robotic work tool (100) are arranged on an

upper side of the robotic work tool (100) for access from above.

13. The robotic work tool system (200) according to any of claims 4 to 12,
wherein the charging connectors (185) of the robotic work tool (100) are arranged in

series with regard to a direction of movement of the robotic work tool (100).

14. The robotic work tool system (200) according to any of claims 4 to 13,
wherein the charging connectors (185) of the robotic work tool (100) are arranged as
charging rails (185) arranged to mate with a sliding charging connector (230) of the
charging station (210).

15. The robotic work tool system (200) according to claim 14, wherein the
charging rails (185) are arranged on a charging support (187) having a slanting portion
(187A) for guiding the charging connectors (230) of the charging station as the robotic

work tool (100) enters the charging station.

16. The robotic work tool system (200) according to claim 14 or 15,
wherein the charging rails (185) are arranged on a charging support (187) having a
slanting side portion (187B) for allowing a variation of tilt of the robotic work tool

(100) as the robotic work tool (100) enters the charging station.

17. The robotic work tool system (200) according to claim 14 or 15,
wherein the charging rails (185) are arranged to protrude through an opening (190) in a

hull (195) of said robotic work tool (100).



10

15

20

25

WO 2015/108454 PCT/SE2014/050044

22

18. The robotic work tool system (200) according to any of claims 4 to 17,
wherein the charging connectors (185) of the robotic work tool (100) are arranged on
one side of the upper side of the robotic work tool (100) with regards to the direction of

movement of the robotic work tool (100).

19. The robotic work tool system (200) according to any of claims 4 to 18,
wherein the charging connectors (230) of the charging station are biased by a spring

(245).

20. The robotic work tool system (200) according to any of claims 3 to19,
wherein the charging station (210) is arranged to supply a charging current exceeding 2

A.

21. The robotic work tool system (200) according to any preceding

claim, wherein the robotic work tool (100) is a robotic lawnmower (100).

22. The robotic work tool system (200) according to any preceding

claim, wherein the robotic work tool (100) is of a two-part model.

23. A charging connector arrangement for a robotic work tool
system (200) comprising a robotic work tool (100) and a charging station (210),
said charging connector arrangement comprising a rail connector (185) arranged
on said robotic work tool (100) and a mating charging connector (230) arranged
on said charging station (210), said mating charging connector (230) being
movably connected to said charging station (210) through a lever arrangement
(235) to enable a reduced friction and reducing an impact when said robotic work
tool (100) enters said charging station (210) and said mating charging connector

(230) makes contact with said connector rail (185).
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24. The charging connector arrangement according to claim 23,
wherein said mating charging connector (230) comprises a sliding contact (231)

arranged with a

25. The charging connector arrangement according to any of claims
23 to 24, wherein said sliding contact (231) is substantially wider than said

connector rail (185).

26. The charging connector arrangement according to any of claims
23 to 25, wherein said lever arrangement (235) is of a scissor-like construction,

such as a pantograph.

27. The charging connector arrangement according to any of claims 23 to

25, wherein said lever arrangement (235) is arranged to move in a direction

substantially parallel to the direction of the robotic work tool’s (100) movement as well

as in a movement up and down.

28. The charging connector arrangement according to any of claims
23 to 27, wherein said charging connectors (185) of the robotic work tool (100)
are arranged in series, with relation to a direction of movement of the robotic

work tool (100).

29. The charging connector arrangement according to any of claims
23 to 28, wherein said mating charging connector (230) comprises a collector

shoe gear (230).

30. The charging connector arrangement according to any of claims
23 to 29, wherein said mating charging connector (230) comprises at least one
partition forming at least two contact surfaces of said mating charging connector

(230).

PCT/SE2014/050044
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31. The charging connector arrangement according to any of claims
23 to 30, wherein said at least one connector rail (185) is arranged on a rail

support (187) having a front slanting portion (187A).

32. The charging connector arrangement according to any of claim

31, wherein said rail support (187) is also arranged to have slanting sides (187B).

33. The charging connector arrangement according to any of claims
23 to 32, wherein said, mating charging connector (230) is movably arranged
with regards to the lever arrangement (235) to allow movement of the mating
charging connector (230) upon contact with the corresponding charging connector

(185).

34. The charging connector arrangement according to any of claims
23 to 33, wherein said mating charging connector (230) is arranged to be angled
on a face (232) meeting the corresponding charging connector (185) as the

robotic work tool (100) enters the charging station (210).

PCT/SE2014/050044



PCT/SE2014/050044

WO 2015/108454

Coreit
[
#h
: i : 7
i, : ;
” Y Srrrrrrripriprrirsl
o e, [ % .
L5 BN
s, J 2 S
Vi ) R )
A, Y - i .//
e 4 !:MU/
i S R |
2.0% 7 Fd ey
84 grere, » s
Y o B4 (]
. st 5.4 7 s oy oo greed
g H el 7 .
Eaa / ‘
] . e ~
! 1 :
/ A M:. S, \ Wihhx{\lhh&
’ ” K Rz ” ’
,\/ gechecercees, : von ¥ /
S B
: § !
w [
L7 G i
Y Lyt
7 Gt
e 7
) o, f . P ezt e,
gy | 7 Kiste o £
Frray, T Y H qgrenss
£ NP A H e .
s wgrees] A : P . Yo £,
e AT R ; Lihy
: i i : s
/ oo, e ; 0
; S porrrern, ooperes et e : b
; o Lo P A :
/ gyt st { ) ;
; 7 , ;
e, L s i
1 : ! S ~/ :
; i r ;
; : / [ ;
frrigorsresd i
7 | : H
“ H .
4 /
4
:
:
y :
. :
\\ /., hrrrcriceicroeret
pen, /
{ Lo ‘ _—
AL, Srrhy *
[ opoect; N g 750N
5557, o, e
o 5 e A VAN
Bt ] Lot % SN
2 4
£ b
rees, 7
[ B
(%
‘\.\\-‘\\u

G

5

g




PCT/SE2014/050044

WO 2015/108454

$9e
[
o2

N
N
$
§

Y

Z

coeqpes,

a2
“
4

3

N 3
NN

TOIN A
¥R }\\\‘ RN

‘s



WO 2015/108454 PCT/SE2014/050044

e

s

750
ey



PCT/SE2014/050044

WO 2015/108454

sprrdes
3

i,
“E

3 47"

et £
s

7

“hs

%y
Srrlrrrs



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2014/050044

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC: A01D, GO5D

Minimum documentation searched (classification system followed by classification symbols)

SE, DK, FI, NO classes as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ, WPI data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

(2009-07-23); abstract; figures 6,7

X US 20090183478 A1 (BERNINI FABRIZIO), 23 July 2009

X EP 2679084 B1 (BERNINI FABRIZIO), 1 January 2014 (2014-
01-01); abstract; paragraphs [0017]-[0022]; figures 1,2; claim 3

X US 20090315501 A1 (LI XIONG ET AL), 24 December 2009
(2009-12-24); abstract; figures 1,5,6

X WO 2013100833 A1 (HUSQVARNA AB ET AL), 4 July 2013
(2013-07-04); abstract; figures 1,2,6,7

1,3, 4,12, 18,
21, 22

4,12, 18, 21, 22

4,12, 18, 21, 22

4,12, 14, 18,
19, 21, 22, 23

& Further documents are listed in the continuation of Box C.

& See patent family annex.

# Special categories of cited documents:
to be of particular relevance

filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than
the priority date claimed

«p” document defining the general state of the art which is not considered

“E” earlier application or patent but published on or after the international <X

“T” later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

28-10-2014

Date of mailing of the international search report

28-10-2014

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Lars Jakobsson

Telephone No. + 46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2014/050044

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The following two separate inventions were identified:

1: Claims1-3 and 4-22 relate to a robotic work tool system adapted to transfer fuel or
electrical charging current to an upper side of a robotic work tool.

2: Claims 23-34 relate to a charging connector arrangement involving a rail connector.

Thus, the application lacks unity of invention. However a search has been carried out for
both mentioned inventions.

1. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. & As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2014/050044

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

(1989-10-19); abstract; figures 1-3

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20100174434 A1 (SIP KIM-YEUNG), 8 July 2010 (2010- 4,12
07-08); abstract; figures 1,7
A US 20050029025 A1 (MEDINA LUIS MARCIAL), 10 February |2
2005 (2005-02-10); abstract; figure 2
A DE 3918867 A1 (DRESSEN NORBERT), 19 October 1989 1,4

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2014/050044

Continuation of: second sheet
International Patent Classification (IPC)

GO5D 1/02 (2006.01)
A01D 34/00 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/SE2014/050044
us 20090183478 A1 23/07/2009 EP 2082638 A1 29/07/2009
IT BO20080040 A1 24/07/2009
e us 7668631 B2 23/02/2010
EP 2679084 B1  01/01/2014 US 20140000231 A1 02/01/2014
us 20090315501 A1 24/12/2009 CN 101607399 A 23/12/2009
us 20120062170 At 15/03/2012
us 8476867 B2  02/07/2013
e us 8106626 B2 31/01/2012
WO 2013100833 A1 04/07/2013 CN 104010485 A 27/08/2014
us 20100174434 A1 08/07/2010 CN 101774169 A 14/07/2010
e us . 8369989 B2 ~ 05/02/2013
Us 20050029025 A1 10/02/2005 US 7318493 B2 15/01/2008
DE 3918867 At 19/10/1989 NONE

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report

