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(54) Title: A MILKING ROBOT, AND A MILKING ARRANGEMENT

(57) Abstract: A milking arrangement com-
prises a milking robot (10). The robot com-
prises a first link L;), a second link (L,), a
third link (L), an end effector (E), sensor (16)
and a control unit (15). The first link is rotat-
able to a first angle within a first angle range
(01) via a first joint (11). The second link is
rotatable to a second angle within a second
angle range (o) via a second joint (12). The
third link (Ls) is rotatable to a third angle
within a third angle range (0s) via third joint
(13), The links (L, L,, Ls) are rotatable so
that the end effector is movable within a
three-dimensional workspace (W). Each posi-
tion of the end effector within the workspace
corresponds to a single combination of the
first, second and third angles.
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A milking robot, and a milking arrangement
BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention refers to a milking robot for handling teat-
cups of a milking machine and cleaning cups for cleaning the
teats of an animal prior to milking. The milking robot is espe-
cially configured for attaching the cleaning cup and/or the teat-
cups to the teats of the animal. More precisely, the invention re-
fers to a milking robot according to the pre-characterizing part of
claim 1. The invention also refers to a milking arrangement.

[t is known to use industrial robots within the manufacturing in-
dustry. It is also known to use an industrial robot as a so called
milking robot in connection with milking of animals, see for in-
stance EP-A-900 522.

An industrial robot is, according to the European Standard EN
{SO 10218-1:2008, an automatically controlled, reprogrammable
multipurpose manipulator, programmable in three or more axes,
which may be either fixed in place or mobile for use in industrial
automation applications.

One known problem of industrial robots is the phenomenon of
singularities, There are several causes to singularities. Work-
space interior singularities are those which occur inside but
away from the workspace boundary and generally are caused by
two or more joint axes lining up, see Introduction to ROBOTICS;
mechanics and control; second edition; John J. Craig, 1995;
page 173. A singularity occurs in a joint of a multi-link robot
when the acceleration of one link would be infinite. In other
words, a singularity means that the robot can choose between
two or more different link positions to reach an arbitrary position
in the three-dimensional workspace. If a singularity occurs, the
industrial robot can run out of control, and is thus not safe.
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The milking robot disclosed in EP-A-900 522 comprises a first
link rotatable around a first vertical axis to a first angle within a
first angle range via a first joint, a second link attached to the
first link and rotatable around a second axis to a second angle
within a second angle range via a second joint, and a third link
attached to the second link and rotatable around a third axis to a
third angle within a first angle range via third joint. A gripper is
attached to the third link.

The gripper of EP-A-900 522 is rotatable around a first turning
axis being parallel to the third link and around a second turning
axis being perpendicular to the first furning axis in order to en-
able the gripper to hold the teatcup in a vertical position or in an
inclined position corresponding to a possible inclination of the
teat. However, due to the gripper being rotatable around the
second turning axis a singularity does occur. For a given inclina-
tion or position of the gripper, with respect to the second turning
axis, several values of the first, second and third angies are
possible. Consequently, the design shown in EP-A-900 522 can
not be regarded as sufficiently safe in all possible situations that
can occur in a milking stall and during a milking operation.

SUMMARY OF THE INVENTION

The object of the invention is to provide a milking robot with a
simple, inexpensive and light design. Furthermore, the object of
the invention is to provide such a milking robot which is safe,
and which can be used among animals and people without ex-
posing them to any danger. In addition, it is aimed at a milking
robot that is compliant with regard to forces exerted by the ani-
mal and rigid so that a proper accuracy can be achieved.

This object is achieved by the milking robot initially defined,
which is characterized in that the each position of the end effec-
tor within the workspace corresponds to a single combination of
the first, second and third angles.
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By such a restriction to the movements of the first, second and
third link it can be ensured that no singularity can occur. The
milking robot according to the invention is thus safe in the sense
that the movement of the links to any arbitrary position within
the workspace can be predicted. The restriction of the move-
ments are achieved by limiting the number of axes (degrees of
freedom) and/or by limiting the angle ranges.

Thanks to the limited number of links, the manufacturing costs
of the milking robot can be relatively low, and the design can be
relatively light and simple.

According to an embodiment of the invention, the rotatability of
the first link, the second link and the third link is limited by
means of first, second and third stop means, respectively, so
that the end effector is retained within the workspace. The first,
second and third stop means are configured to limit the first,
second and third, respectively, angle ranges.

According to a further embodiment of the invention, the first,
second and third stop means comprise respective physical stop
members. Such physical stop members may comprise abutment
surfaces which define end positions to the links and thus limit
the movements of the links.

According to another embodiment of the invention, the first,
second and third stop means comprise a software program com-
prised by the control unit. Such software stop means may be
provided as an alternative or supplement to the physical stop
members.

According to a further embodiment of the invention, the work-
space tapers towards a line, which coincides with a, preferably
vertical line through the first joint or with the first axis. For in-
stance, the workspace may have a triangular extension seen in
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the direction of the first axis. The first axis, around which the
first link rotates, may be vertical, wherein the workspace from
the first axis widens in a direction towards the milking place
where the animal to be milked is present. The first axis may also
be horizontal, wherein the workspace widens from said prefera-
bly vertical line towards the milking place where the animal is
present.

According to a further embodiment of the invention, the end ef-
fector comprises a centre point, which defines the position of the
end effector in a control algorithm included in the control unit
and provided for controlling the milking robot. Consequently,
when defining the position of the end effector in the control unit,
it is the centre point which is defined. The distance and the an-
gle from the centre point to, for instance, the teatcup can be
added by the control algorithm as a correction value. Advanta-
geously, the control algorithm of the control unit may then be
configured to calculate the first, second and third angles of the
links for a certain position of the centre point. Furthermore, the
third link may have a longitudinal centre axis, wherein the centre
point is located on the longitudinal centre axis.

According to a further embodiment of the invention, the end ef-
fector is configured as a gripper being attached to the third link,
which has a longitudinal centre axis, wherein the gripper is ro-
tatable 180° around the longitudinal centre axis. Advanta-
geously, the gripper may be rotatable around the longitudinal
centre axis to take one of a gripping position and an application
position positioned 180° from the gripping position with respect
to the longitudinal centre axis. The gripping position may be the
position where the gripper is configured to grip the teatcup from
a teatcup magazine located at the milking place close to the
animal. The application position is the position of the gripper
which is suitable for applying the teatcup to the teat of the ani-
mal to be milked.
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According to a further embodiment of the invention, the gripper
comprises a gripper element, which is rotatable around a fifth
axis, extending perpendicularly to the longitudinal centre axis,
from a first gripper element position to a second gripper element
position. Thanks to this rotatability around the fifth axis, the
gripper element can be brought out of the sight line of the sen-
sor. Advantageously, the gripper element is biased to the first
gripper element position.

According to a further embodiment of the invention, the end ef-
fector is constituted by the third link, Advantageously, the end
effector may be configured as or comprises a nozzle for supply-
ing a fluid onto the object, such as a spray nozzle for spraying
after treatment liquid onto a teat when the teatcup has been re-
moved after the milking.

According to a further embodiment of the invention, the first link
has a first active length, the second link a second active length
and the third link a third active length, wherein the second and
third active lengths are at least twice the first active length or
wherein the first and second active lengths are at least twice the
third active length. By providing two of the links with a relatively
long length, the variation of the angle of the gripper can be re-
duced or minimized, which improves the possibility of the sensor
to sense the teats of the animal.

According to a further embodiment of the invention, the first joint
actuator, the second joint actuator and the third joint actuator
comprise a first, second and a third, respectively, compliance
means configured to permit movement of the respective link in
response to an externally exerted force when the external force
exceed a predetermined value. Consequently, the milking robot
will be compliant with regard to large forces exerted by the ani-
mal so that the risk of damaging the milking robot is reduced.
Advantageously, the first joint actuator, the second joint actuator
and the third joint actuator comprise a respective hydraulic ac-
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tuator operated by means of a hydraulic medium, wherein the
compliance means comprise at least one overflow valve config-
ured to open for the hydraulic medium when the external force
exceeds the predetermined value.

The object of the invention is also achieved by a milking ar-
rangement comprising a milking parlour comprising a plurality of
milking places, each being configured to house an animal to be
milked and each comprising a teat cup magazine holding a set
of teat cups, and at feast one milking robot provided beside the
milking parlour. Advantageously, the milking parlour comprises a
rotary milking platform.

According to a further embodiment of the invention, the milking
arrangement comprises at least one carrying device configured
to be positioned beside the rotary milking ptatform and to carry
the milking robot and control means configured to control the
carrying device to support the milking robot to follow the rotation
of the rotary milking platform so that the milking robot is in a
fixed position in relation to one of the milking places of the ro-
tary milking platform.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be explained more closely by
means of a description of various embodiments and with refer-
ence to the drawings attached hereto.

Fig. 1 shows schematically a view from above of a part of a
milking arrangement.
Fig. 2 shows schematically a side view of a milking robot

according to a first embodiment of the milking ar-
rangement in Fig. 1.

Fig. 3 shows schematically a view from above of a part of
the milking robot in Fig. 2.
Fig. 4 shows a side view of the milking robot according to

the first embodiment.
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Fig. 5 shows a view from above of the milking robot in Fig.
4.
Fig. 6 shows a side view of an actuator of the milking robot
in Fig. 4.
Fig. 7 shows schematically a side view of a milking robot

according to a second embodiment of the milking ar-
rangement in Fig. 1.

Fig. 8 shows schematically a view from above of a part of
the milking robot in Fig. 7.
Fig. 9 shows a perspective view of a milking robot accord-

ing to the second embodiment.
Fig. 10 shows a perspective view of the milking robot in Fig.
9 mounted on a positioning device.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS OF
THE INVENTION

Fig. 1 discloses a milking arrangement comprising a milking par-
lour and two milking robots. In the embodiments disclosed, the
milking parlour comprises or is in the form of a rotary milking
platform 1. It is to be noted that the milking parlour also may
have another design, such as a so called herringbone pariour
etc. The rotary milking platform 1 is rotatable around a vertical
platform axis (not shown). The rotary milking platform 1 com-
prises a plurality of milking places 2 arranged in an annular con-
figuration on the rotary milking platform 1. Each milking place 2
comprises a milking machine (not disclosed) comprising a milk-
ing member having a number of teatcups 3, normally four teat-
cups 3. Each milking place 2 also comprises a teatcup magazine
4 configured to hold the teatcups 3 during the time period be-
tween the milking operations. The teatcups 3 are held in an up-
side down position in the teatcup magazine 4, i.e. the opening of
the teatcup 3 is turned downwards when the teatcup 3 is held in
the teatcup magazine 4.

The milking arrangement also comprises a cleaning device 7
having a cleaning cup 8. The cleaning device 7 is in the em-
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bodiment disclosed arranged outside the rotary milking platform
1.

In the embodiments disclosed, the milking arrangement com-
prises two milking robots 10. One of the milking robots 10 is
provided for holding the cleaning cup 8 and attaching the clean-
ing cup 8 to a teat of the animal to be milked in order to clean
the teat before the milking operation, i.e. before the teatcup 3 is
attached to the teat. The other milking robot 10 is provided for
attaching the teatcups 3 to the teats of the animal. It is to be
noted that the milking arrangement can include fewer or more
milking robots 10, for instance two or more milking robots for
cleaning and two or more milking robots 10 for attaching the
teatcups. It is also possible to include only one milking robot 10
that may be configured to attach first the cleaning cup 8 and
then after the cleaning operation to attach the teatcups 3 to the
teats of the animal.

The configuration of a first embodiment of the milking robots 10
is now to be explained more closely with reference to Figs. 2-6.
As can be seen the milking robot 10 is a three link robot with
three axes, and comprises a first link L4, a second link L, and a
third link Ls. The first link L4 is attached to a base member 9 and
rotatable around a first axis x4 to a first angle within a first angle
range a4 via a first joint 11 by means of a first joint actuator A;.
The second link L, is attached to the first link L; and rotatable
around a second axis X, to a second angle within a second an-
gle range a, via a second joint 12 by means of a second joint
actuator A,. The third link L3 is attached to the second link L,
and rotatable around the third axis x; to a third angle within a
third angle range a; via a third joint 13 by means of a third joint
actuator Az;. The base member 9 may be mounted on the
ground.

The first link Ly is rotatable around the first axis x; within the
first angle range a4 with respect to the first axis x4. The second
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link L, is rotatable around the second axis x; within the second
angle range a, with respect to the second axis x,. The third link
L, is rotatable around the third axis x; within the third angle
range a3 with respect to the third axis xs.

The milking robot 10 also comprises an end effector E. In the
first embodiment, the end effector E comprises or is configured
as a gripper 14 which is attached to the third link Ls. The first
link L4, the second link L, and the third link L3 are rotatable so
that the gripper 14 is movable within a three-dimensional work-
space W, see Fig. 1, of the milking robot 10.

Furthermore, the milking robot 10 comprises a control unit 15
and a sensor 16. The sensor 16 is configured to sense a posi-
tion of an object, such as the teatcup in the teatcup magazine 4,
and a teat of an animal present in the milking place 2. The sen-
sor 16 can be of any suitable kind such as a video camera, a
laser-sensor or a time-of-flight-camera. The control unit 15 is
configured to control the first joint actuator A,, the second joint
actuator A, and the third joint actuator A; to move the gripper 14
to the position sensed by the sensor 16. The control unit 15
comprises suitable hardware and software including a control
algorithm configured to control the movements of the joint actua-
tors Ay, Ay and As.

As can be seen in Fig. 1, the workspace W tapers towards the
first axis x; when seen in a view from above. In this view, the
workspace W thus has a triangular-like shape. However, the
workspace W is three-dimensional and extends also in a vertical
direction. In the embodiment disclosed, the workspace W is de-
limited in such a way that it tapers towards a line coinciding with
the first axis x4. In the embodiments disclosed, this line and the
first axis x, are vertical. The workspace thus widens from the
line or first axis x4 towards the milking place 2.
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The end effector E, in the first embodiment the gripper 14, com-
prises a centre point p, see Fig. 3, which defines the position of
the gripper in the control algorithm. As also can be seen in Fig.
3, the third link L3 has a longitudinal centre axis x4. The centre
point p of the gripper 14 is located on the longitudinal centre
axis Xy.

The gripper 14 is a rotatable 180° around the longitudinal centre
axis X4 to take one of a gripping position and an application po-
sition positioned 180° from the gripping position. In the gripping
position, the gripper 14 is configured to grip a teatcup 3 from the
teatcup magazine 4 in its position upside down. In the applica-
tion position, the gripper 4 is configured to hold the teatcup 3 in
a position with the opening of the teatcup 3 turned upwards so
that the teatcup 3 in the application position of the gripper 14
can be applied to the teat of the animal. The milking robot 10
comprises a drive member 18 for rotating the gripper 14 to take
one of the gripping position and the application position. Suit-
able gripper stop members (not disclosed) are provided for de-
fining the gripping position and the application position of the
gripper 14 and for preventing the gripper 14 from being rotated
outside these positions.

The gripper 14 comprises a gripper element 19 in which the
teatcup 3 or the cleaning cup 7 are to be held. The gripper 14
thus defines a teatcup position in the gripper element 19. The
gripper element 19 comprises in the embodiment disclosed an
electromagnet 20 for gripping and holding the teatcup 3 and the
cleaning cup 8, respectively. The gripper element 19 is rotatable
around a fifth axis xs. The fifth axis x5 extends perpendicutarly
to the longitudinal centre axis x4. The centre point p may be fo-
cated on the fifth axis xs. The gripper element 19 is rotatable
around the fifth axis X5 from a first gripper element position to a
second gripper element position. The purpose of the rotatability
of the gripper element 19 is to prevent the gripper element 19
from interfering with the sensor 16, i.e. to keep the gripper ele-



WO 2011/152790 PCT/SE2011/050685

10

15

20

25

30

35

11

ment 19 out of sight of the sensor 19. Advantageously, the grip-
per element 19 is biased to the first gripper element position by
means of a spring element (not disclosed) and movable to the
second gripper element position by means of a gripper drive (not
disclosed). Suitable gripper element stop members (not dis-
closed) are provided for defining the first gripping element posi-
tion and the second gripping element position and for preventing
the gripping element 19 from being rotated outside these posi-
tions.

The milking robot 10 is configured in such a way that each posi-
tion of the gripper 14 within the workspace W corresponds to a
single combination of the first angle, the second angle and the
third angle. The milking robot 10 comprises stop means, wherein
the rotatability of the first link Ly, the second link L, and the third
link Ls is limited by means of first stop means, second stop
means and third stop means, respectively. By the provision of
these first, second and third stop means the gripper 14 can be
retained within the workspace W during the operation of the
milking robot 10. The stop means are preferably configured in
such a way that the milking robot 10 cannot permit the gripper
14 to be positioned outside the workspace W also when the
milking robot is not in operation. The stop means can be real-
ized in various ways.

Fig. 6 shows a sectional view of the first joint actuator A;. In the
embodiment disclosed the joint actuators A;, A, Az comprise a
respective hydraulic actuator operated by means of a hydraulic
medium. Each of the joint actuators A;, Ay, A; comprises a cyl-
inder 25, a piston 26 movable in the cylinder 25, and a piston
rod 27. The hydraulic medium may be supplied and discharged
in various ways. In the embodiment disclosed, the hydraulic me-
dium is supplied via a first inlet 31 or a second inlet 32 and dis-
charged via first outlet 33 or a second outlet 34 in order to move
the piston in either direction.



WO 2011/152790 PCT/SE2011/050685

10

195

20

25

30

35

12

In the embodiment disclosed in Fig. 6, the first stop means com-
prise two physical stop members 35 and 36 defining a forward
end position and a rear end position, respectively, of the piston
26 and the piston rod 27 in the cylinder 25. As can be seen
these stop members 35, 36 are provided in the cylinder 25, but it
is to be understood that they may be provided at any suitable
position on or in the proximity of the first joint actuator A,. By
means of such stop members 35, 36, the end positions of the
first angle range a; are defined. It is to be noted that also the
second joint actuator A, and the third joint actuator A; may
comprise such physical stop members 35, 36 defining the end
positions of the second angle range a, and the third angle range
as, respectively.

The stop members 35, 36 may also be formed by a cylinder 25
that is configured to have a determined stroke length. The stop
members are then formed by the ends of the cylinder 25.

As an alternative or supplement, the first, second and third stop
means may comprise a software program included in the control
algorithm comprised by the control unit 15.

The control algorithm of the control unit 15 calculates the first,
second and third angles of the links L4, Ly, L3 for a certain posi-
tion of the centre point p. This position determined by the posi-
tion sensed by the sensor 16 and a correction value determined
by the distance and angle from the centre point to the teatcup
position in the gripper 14. The rotation of the gripper 14 around
the longitudinal centre axis x4 and the rotation of the gripping
element 19 around the fifth axis x5 are not included in the con-
trol algorithm for moving the centre point to said certain posi-
tion. These two latter movements may be added in specific
situations for rotating the gripper for gripping a teatcup from the
teatcup magazine 4 and for rotating the gripping element 19 not
to interfere with the sensor 16.



WO 2011/152790 PCT/SE2011/050685

10

15

20

25

30

35

13

The first link L, has a first active length |;, which is determined
by the distance between the first axis x; and the second axis X
seen in the direction of the first axis x4. The second link L, has a
second active length 1,, which is determined by the distance be-
tween the second axis x, and the third axis x3. The third link Lj
has a third active length |5, which is determined by the distance
between the second axis x, and the centre point p of the gripper
14, The second active length [, and third active length I; are
relatively long in comparison with the first active length |;. More
specifically the second active length |, and third active length I3
may be at least twice the first active length |;. The second active
length 1, and third active length I; may be approximately equal.

The first joint actuator A4, the second joint actuator A; and the
third joint actuator Az comprise first, second and third, respec-
tively, compliance means configured to permit movement of the
respective link Ly, L, and L3 when an external force, which ex-
ceeds a predetermined value, is exerted on the milking robot.
The compliance means are provided to be compliant with re-
spect to all of the actuators A;, A; and Aj, and preferably also
with respect to the drive member 18 and the gripper drive.

In Fig. 6 one possible embodiment of the compliance means for
the first joint actuator Ay is disclosed. This the compliance
means comprise a first overflow valve 41 configured to open for
the hydraulic medium when an external force, acting on the milk-
ing robot in one direction, exceeds the predetermined value, and
a second overflow valve 42 configured to open for the hydraulic
medium when an external force, acting on the milking robot in
an opposite direction, exceeds the predetermined value. The
second joint actuator A, and the third joint actuator A; may also
comprise such compliance means as exemplified with respect to
respective the first joint actuator A;.

A further possible embodiment of the milking robot may include
an additional movement along a transversal direction of the
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milking place 2. Such an additional movement may be realized
as a movement of the base member 9 along a rail mounted on
the ground, or a rotation of the base member 9 around an axis
located at a significant distance from the first axis xy. The addi-
tional movement is also not included in the control algorithm for
moving the centre point to said certain position, but is made in
order to adjust the milking robot 10 {o a correct position in rela-
tion to the milking place 2. It is also to be noted that this addi-
tional movement can be performed by an additional link attached
to the third link Lz and carrying the gripper 14.

Figs. 7-10 disclose a second embodiment of the milking robot
10. Also the milking robot 10 of the second embodiment is a
three link robot having three axes and comprising three links, a
first link L4, a second link L, and a third link L3. The milking ro-
bot 10 of the second embodiment differs from the one of the first
embodiment in that the end effector E is constituted or formed
by the third link Ls.

As can be seen in Figs. 7 and 8, the first link L4 is thus attached
to a base member 9 and rotatable around a first axis x4 to a first
angle within a first angle range a4 via a first joint 11 by means of
a first joint actuator A4, disclosed in Figs. 9 and 10. In the sec-
ond embodiment, the first axis x; extends horizontally or sub-
stantially horizontally.

The second link L, is attached to the first link Ly and rotatable
around a second axis X, to a second angle within a second an-
gle range ¢, via a second joint 12 by means of a second joint
actuator A,, disclosed in Figs 9 and 10. In the second embodi-
ment, the second axis x, extends horizontally or substantially
horizontally.

The third link L is attached to the second link L, and rotatable
around the third axis x3; to a third angle within a third angle
range a3 via a third joint 13 by means of a third joint actuator A;,
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disclosed in Figs. 9 and 10 In the second embodiment, the third
axis xs extends vertically or substantially vertically.

The workspace W tapers in the second embodiment towards a
line v, see Figs 7 and 8, which may be vertical and extends
through the first joint 11. The line v may also be, at least slight-
ly, inclined in relation to a vertical line. Also according the sec-
ond embodiment, the workspace W may have a triangufar exten-
sion seen in the direction of said line through the first joint 11.

In the second embodiment, the end effector E is configured as
or comprises a nozzle 50, see Figs. 9 and 10, for supplying a
fluid onto the object, see Figs 9 and 10. The nozzle 50 may be
configured for supplying cleaning liquid onto the teat prior milk-
ing or as a spray nozzle for spraying an after treatment liquid
onto a teat when the teatcup has been removed after the milking
of the teat. It should be noted that the milking robot of the first
embodiment could also be provided with an end effector E in the
form of or carrying a nozzle 50. Also according to the invention,
the milking robot 10 of the second embodiment could be pro-
vided with an end effector E in the form of or comprising a grip-
per 14 for attaching teatcups.

The centre point p, se Fig 8, may be located on the third link L3,
on or in the proximity of the nozzle 50 shown in Figs 9 and 10.

The base member 9 may be mounted on the ground as illus-
trated in Figs. 7 and 8, or, as illustrated in Fig 10, be mounted to
a carrying device C. The carrying device C comprises a funda-
ment 61, which may be positioned on and mounted to the
ground, and a first bearing device 62 provided on the fundament
61. An arm 63 is connected to the first bearing device 62 and
permitted to rotate in relation to the fundament 61 around an
axis y; that is parallel with the platform axis of the rotary milking
platform 1.
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A support platform 65 is connected to the arm 63 and configured
to carry the milking robot 10, which is configured to attach the
teatcups of the milking machine to an animal present in one of
the milking places 2 on the rotary milking platform 1, or to clean
or to spray an after treatment liquid onto the teats of the animal.

The carrying device C may also comprise a second bearing de-
vice 87 connected to the arm 63 and permitting the support plat-
form 65 to rotate in relation to the arm 63 around an axis y,. The
axis y, extends in parallel, or substantially in parallel, with the
vertical axis y; and the platform axis of the rotary milking plat-
form. The second bearing device 67 is provided at the outer end
of the arm 63 and supports the support platform 65 in a rotary
manner.

The arm 63 comprises a first arm element 63a connected to the
first bearing device 62, and a second arm element 63b carrying
the second bearing device 67. The first arm element 63a and the
second arm element 63b are connected to each other via a third
bearing device 68 permitting the second arm element 63b to ro-
tate in relation to the first arm element 63a around an axis ys.
The axis y; extends through the third bearing device 68 and in
parallel with, or substantially in parallel with, the axis y4, the
axis y, and the platform axis of the rotary milking platform.

The carrying device C also comprises a drive arrangement con-
figured to move the support platform 65 and comprising a first
drive member connected to the fundament 61 and the arm 63,
and arranged to rotate the arm 63 around the axis y4. The drive
arrangement also comprises a second drive member connected
to the arm 63 and the support platform 65, and arranged to ro-
tate the support platform 65 around the axis y,. Furthermore, the
drive arrangement comprises a third drive arm element 63b, and
arranged to rotate the second arm element 63b around the axis

Y.
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By means of control means, possibly included in the control unit
15, the carrying device C supporting the milking robot 10 may be
controlled so that the milking robot 10 follows the rotation of the
rotary milking platform 1 so that the milking robot 10 is in a fixed
position in relation to one of the milking places 2. It is thus pos-
sible to let the milking robot 10 act as if it is stationary in rela-
tion to a milking place 2 on the rotary milking platform 1.

The present invention is not limited to the embodiments dis-
closed but may be varied and modified within the scope of the
following claims.

Although the joint actuators A;, A, and Aj, as well as the drive
members of the carrying device C, have been disclosed as hy-
draulic actuators, it is to be noted that one or all of them may
also comprise or consist of a pneumatic actuator or an electric

actuator.
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Claims

1. A milking robot (10) comprising

a first link (L) rotatable around a first axis (x4) to a first angle
within a first angle range (a;) via a first joint (11) by means of a
first joint actuator (A1),

a second link (L,) attached to the first link (L;) and rotatable
around a second axis (x2) to a second angle within a second an-
gle range (a,) via a second joint (12) by means of a second joint
actuator (A;),

a third link (L;) attached to the second link (L) and rotatable
around a third axis (x3) to a third angle within a third angle range
(da3) via third joint (13) by means of a third joint actuator (Aj),

an end effector (E), '

wherein the first, second and third links (L4, Ly, L3) are rotatable
so that the end effector (E) is movable within a three-
dimensional workspace (W) of the milking robot (10),

a sensor (16) configured to sense a position of an object, includ-
ing a teat of an animal, and

a control unit (15) configured to control the first, second and
third joint actuators to move the end effector (E) to the position
sensed by the sensor (16),

characterized in that each position of the end effector (E) within
the workspace (W) corresponds to a single combination of the
first, second and third angles.

2. A milking robot according to claim 1, wherein the rotatabil-
ity of the first link (L), the second link (L) and the third link (L3)
is limited by means of first, second and third stop means, re-
spectively, so that the end effector (E) is retained within the
workspace (W).

3. A milking robot according to claim 2, wherein the first,
second and third stop means comprise respective physical stop
members (35, 36).
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4. A milking robot according to any one of claims 2 and 3,
wherein the first, second and third stop means comprise a soft-
ware program comprised by the control unit (3).

5. A milking robot according to any one of the preceding
claims, wherein the workspace (W) tapers towards a line, which
coincides with a, preferably vertical line v through the first joint
or with the first axis (xy).

6. A milking robot according to any one of the preceding
claims, wherein the end effector (E) comprises a centre point
(p), which defines the position of the end effector (E) (14) in a
control algorithm included in the control unit (15) and provided
for controlling the milking robot (10).

7. A milking robot according to claim 6, wherein the control
algorithm of the control unit (15) is configured to calculate the
first, second and third angles of the links (L4, Ly, L3) for a certain
position of the centre point (p).

8. A milking robot according to any one of claims 6 and 7,
wherein the third link {(L;) has a longitudinal centre axis (x4) and
wherein the centre point (p) is located on the longitudinal centre
axis (x4).

9. A milking robot according to any one of the preceding
claims, wherein the end effector (E) is configured as a gripper
(14) being attached to the third link (L3}, which has a longitudi-
nhal centre axis (x4) and wherein the gripper (14) is rotatable
180° around the longitudinal centre axis (X4).

10. A milking robot according to claim 9, wherein the gripper
(14) is rotatable around the longitudinal centre axis (x4) to take
one of a gripping position and an application position positioned
180° from the gripping position.
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11. A milking robot according to any one of claims 9 and 10,
wherein the gripper (14) comprises a gripper element (19) which
is rotatable around a fifth axis (Xs), extending perpendicularly to
the longitudinal centre (x4), from a first gripper element position
and a second gripper element position.

12. A milking robot according to any one of claims 1 to 8,
wherein the end effector (E) is constituted by the third link (L.3).

13. A milking robot according to claim 12, wherein the end ef-
fector (E) is configured as or comprises a nozzle for supplying a
fluid onto the object.

14. A milking robot according to any one of the preceding
claims, wherein the first link (L) has a first active length (l4), the
second link (L,) a second active length (I,) and third link (L3) a
third active length (l3), wherein the second and third active
lengths (I, 13) are at least twice the first active length (I4) or
wherein the first and second active lengths (I4, I,) are at least
twice the third active length (I3).

15. A milking robot according to any one of the preceding
claims, wherein the first joint actuator (A,), the second joint ac-
tuator (A,;) and the third joint actuator (A;) comprise first, sec-
ond and third, respectively, compliance means configured to
permit movement of the respective link in response to an exter-
nally exerted force when the external force exceeds a predeter-
mined value.

16. A milking robot according to claim 15, wherein the first
joint actuator (A;), the second joint actuator (A;) and the third
joint actuator (Az) comprise a respective hydraulic actuator op-
erated by means of a hydraulic medium, and wherein the com-
pliance means comprise at least one overflow valve (41, 42)
configured to open for the hydraulic medium when the external
force exceeds the predetermined value.
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17. A milking arrangement comprising a milking parlour com-
prising a plurality of milking places (2), each being configured to
house an animal to be milked and each comprising a teatcup
magazine (4) holding a set of teatcups (3), and at least one
milking robot (10) according to any one of the preceding claims,
wherein said at least one milking robot (10) is provided beside
the milking parlour.

18. A milking arrangement according to claim 17, wherein the
milking parlour comprises a rotary milking platform (1).

19. A milking arrangement according to claim 18, wherein the
milking arrangement comprises at least one carrying device (C)
configured to be positioned bheside the rotary milking platform
(1) and to carry the milking robot (10), and control means con-
figured to control the carrying device (C) to support the milking
robot (10) to follow the rotation of the rotary milking platform (1)
so that the milking robot (10) is in a fixed position in relation to
one of the milking places (2).
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