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A compact parallel kinematics robot

TECHNICAL FIELD

The present invention relates to a parallel kinematics robot
that is compact in that its drive arms do not extend over a

great width.

BACKGROUND ART

Conventional parallel kinematics robots comprise a plurality
of drive arms each connected, directly or via a gearbox, to
a respective shaft of a servo motor at one end. At the
opposite end the drive arms are attached to proximate ends
of rods via ball joints having three degrees of freedom
(DOF) . The rods transmit the rotating movement of the drive
arms to a respective movement of an end effector that is
attached to distal ends of the rods via ball joints. The
servo motors and the resgspective drive arms are thereby
working in parallel in the sense that manipulation of one
drive arm does not affect the position of the remaining

drive arms.

A delta robot is one well known type of parallel kinematics
robot that can comprise three drive arms. Each drive arm is
connected to an end effector with two rods having a ball
joint at each end. The drive arms rotate about respective
servo motor axes, the servo motors being arranged
symmetrically such that their axes intersect at 60 degrees
angles. Because the drive arms of a delta robot are
relatively long and point in different directions the robot
construction needs a lot of space. US7188544 discloses one
type of a delta robot comprising three drive arms. Delta

robots can also comprise four or more drive arms.
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WO0200366289 discloses other and less well known types of
parallel kinematics robots comprising three or more drive
arms. The robots according to W0200366289 differ from delta
robots in that the rotational axes of the drive arms are
parallel, and in many embodiments the drive arms even have
one common rotational axis. The number of rods between the
drive arms and the end effector vary from one to three
depending on a drive arm and a robot embodiment. Alsc the
drive arms of the robots according to W020036628% need to be
relatively long and well spread, and consequently need a lot

of space.

There remains a desire to provide a more compact parallel

kinematics robot.

SUMMARY OF THE INVENTION

One object of the invention is to provide a compact parallel

kinematics robot.

These objects are achieved by the device according to

appended claim 1.

The invention is based on the realization that the drive
arms occupy less space in a horizontal direction when two of
them are arranged to cross each other when the robot is

operating within its normal work area.

According to a first aspect of the invention, there is
provided a parallel kinematics robot comprising a first
shaft rotatable about a first axis, a second shaft rotatable
about a second axis, and a third shaft rotatable about a
third axis. The robot further comprises a first drive arm
attached to the first shaft, a second drive arm attached to
the second shaft, and a third drive arm attached to the

third shaft, each drive arm being connected to an end
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effector by means of at least one rod. The first, second and
third axes are parallel and a distance between the first
axis and the second axis is at least 30 % of the length of
the first drive arm. The first and second axes define a
reference plane, the end effector having an extreme position
furthest away from the reference plane. A reference axis
perpendicular to the reference plane extends between the
reference plane and the extreme position. When the end
effector is positioned at a middle pcint of the reference

axis, the first and second drive arms are crossed.

According to one embodiment of the invention, the distance
between the first axis and the second axis i1s at least 40 %,
such as 50 %, 60 %, 70 % or 75%, of the length of the first

drive arm.

According to one embodiment of the invention, the first and
second shafts extend from respective actuators in a first
direction, and the third shaft extends from a respective
actuator in a second direction, the first direction being

opposite to the second direction.

According to one embodiment of the invention, the reference

plane is inclined in relation to a horizontal plane.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in greater detail with

reference to the accompanying drawings, wherein

figure 1 shows a parallel kinematics robot according to one

embodiment of the invention,

figure 2 shows the robot of figure 1 at a different

position, and



10

15

20

25

30

WO 2015/139730 PCT/EP2014/055356

figure 3 shows a schematic view of a parallel kinematics
robot according to one embodiment of the

invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to figure 1, a parallel kinematics robot 10
according to one embodiment of the invention comprises a
first shaft 20 rotatable about a first axis 50, a second
shaft 30 rotatable about a second axis 60, and a third shaft
40 rotatable about a third axis 70. A first drive arm 80 is
attached to the first shaft 20, a second drive arm 90 is
attached to the second shaft 30, and a third drive arm 100
is attached to the third shaft 40, each drive arm 80, 90,
100 rotating along with a respective shaft 20, 30, 40 about
a respective axis 50, 60, 70. The first drive arm 80 1is
connected to an end effector 102 by means of three rods 103,
the second drive arm 90 is connected to the end effector 102
by means of two rods 103, and the third drive arm 100 is
connected to the end effector 102 by means of one rod 103.
Each rod 103 is connected to the respective drive arm 80,
90, 100 and to the end effector 102 by means of joints 105
having three DOF. Parallel with the first drive arm 80 there
is a parallel arm 110 the purpose of which is to keep the

orientation of the end effector 102 constant.

The first and the second shafts 20, 30 extend in a first
direction 120 from respective actuators, and the third shaft
40 extends in a second direction 130 from a respective
actuator. All the axes 50, 60, 70 are thereby parallel. The
actuators are servo motors including gears housed within a
housing 170. When the robot 10 is in the position according
to figure 1 the first and the second drive arms 80, 90 are
crossed i.e. the longitudinal axis of the first drive arm 80

intersects the longitudinal axis of the second drive arm 90
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observed from at least one direction. Indeed, the first and
the second drive arms 80, S0 are crossed whenever the robot
10 is operating within its normal work area. For more

precisely defining the present invention, a point belonging

to the normal work area will now be defined.

For defining a point within the normal work area it is
necessary to first define a reference plane 140 and a
reference axis 150. The reference plane 140 is a plane
defined by the first and second axes 50, 60 i.e. a plane
which is parallel with both of these axes 50, 60. There
exists an extreme position 160 which is a point at the
periphery of the work area where the end effector 102 is
furthest away from the reference plane 140. The reference
axis 150 extends between the reference plane 140 and the
extreme position 160, the reference axis 150 being
perpendicular to the reference plane 140. A middle point of
the reference axis 150 belongs to the normal work area of
the robot 10, and according to the present invention the
first and second drive arms 80, 90 shall be crossed when the
end effector 102 is positioned at the middle point of the
reference axis 150. The first shaft 20 is longer than the
second shaft 30 in order to allow the first and the second

drive arms 80, 90 to cross each other.

A distance between the first and second shafts 20, 30 is
relatively long in order to draw advantage from the crossed
drive arms 80, 90. Namely, when the first and second shafts
20, 30 are far from each other the respective first and
second drive arms 80, 90 occupy in horizontal direction
areas that largely overlap each other. The robot 10 can
thereby be construed much more compact in the horizontal
direction compared with a situation where the two drive arms
80, 90 point away from each other. According to the

embodiment of figure 1 the distance between the first axis
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50 and the second axis 60 is about 72 % cof the length of the
first drive arm 80. For measuring the length of the first
drive arm 80 a distance from the first axis 50 to a joint
105 attached to the first drive arm 80 and being furthest

away from the first axis 50 shall be considered.

The robot 10 according to figure 1 is mounted such that the
reference plane 140 is horizontal. However, the robot 10 can
be mounted in any appropriate orientation for example in

order to affect the shape of a useful work area.

Referring to figure 2, the robot 10 of figure 1 is shown in
a position where the end effector 102 is closer to the

extreme position 160.

Referring to figure 3, a schematic drawing of a robot 10
according to the invention schematically shows the main

elements of the robot 10.

The invention is not limited to the embodiments shown above,
but the person skilled in the art may modify them in a
plurality of ways within the scope of the invention as

defined by the claims.
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CLAIMS

1. A parallel kinematics robot (10) comprising:
a first shaft (20) rotatable about a first axis (50), a
second shaft (30) rotatable about a second axis (60), a
third shaft (40) rotatable about a third axis (70),
a first drive arm (80) attached to the first shaft (20),
a second drive arm (90) attached to the second shaft
(30), a third drive arm (100) attached to the third
shaft (40), each drive arm (80, 90, 100) being connected
to an end effector (102) by means of at least one rod
(103),
the first, second and third axes (50, 60, 70) being
parallel and a distance between the first axis (50) and
the second axis (60) being at least 30 % of the length
of the first drive arm (80),
the first and second axes (50, 60) defining a reference
plane (140), the end effector (102) having an extreme
position (160) furthest away from the reference plane
(140),
a reference axis (150) being perpendicular to the
reference plane (140) and extending between the
reference plane (140) and the extreme position (160),
characterized in that when the end effector (102) is

positioned at a middle point of the reference axis

(150), the first and second drive arms (80, 90) are
crossed.
2. A parallel kinematics robot (10) according to claim 1,

wherein the distance between the first axis (50) and the
second axis (60) 1is at least 40 %, such as 50 %, 60 %,

70 % or 75%, of the length of the first drive arm (80).

3. A parallel kinematics robot (10) according to any of the

preceding claims, wherein the first and second shafts
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(20, 30) extend from respective actuators in a first
direction (120), and the third shaft (40) extends from a
respective actuator in a second direction (130), the
first direction (120) being opposite to the second

direction (130).

4. A parallel kinematics robot (10) according to any of the
preceding claims, wherein the reference plane (140) is

inclined in relation to a horizontal plane.
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Fig. 3
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