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(57) Abstract: The present disclosure relates to an industrial
robot comprising a manipulator movable about a plurality of
axes and a robot controller for controlling the movements of
the manipulator. The robot controller is arranged to support
manual programming of the industrial robot by means of
lead-through of the manipulator while obtaining the positions
of the manipulator. The robot controller is arranged to, for
each obtained position of the manipulator in relation to at
least one of the axes, determine whether the obtained position
is within at least one pre-defined haptic zone associated to the
axis and providing a haptic feed-back when determined that
the obtained position is within the haptic zone. The present
disclosure further relates to a method for lead-through pro-
gramming of an industrial robot.
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An industrial robot and a method for lead-through programming of an industrial robot

TECHNICAL FIELD

The present disclosure relates to an industrial robot comprising a manipulator movable
about a plurality of axes and a robot controller for controlling the movements of the
manipulator, wherein the robot controller is arranged to support manual programming of
the robot by means of lead-through of the manipulator while measuring the positions of the

manipulator.

The present disclosure further relates to a method for lead-through programming of an
industrial robot comprising a manipulator movable about a plurality of axes and a robot

controller.

BACKGROUND

Traditionally, a robot controller of an industrial robot is provided with servo controllers for
controlling the positions of motors driving the motion of the manipulator. Each servo
controller is configured to calculate control signals to one motor arranged to drive an axis of
the manipulator in at least one direction in accordance with a pre-stored program. The servo
controller is configured to continuously calculate the control signals based on a position error,
which is determined as a difference between an actual value representing a measured
position of the axis and a reference or set-point value as given by the pre-stored program.
During normal operation, the gain of the servo controller is set to a high value such that the

robot is stiff, preferably in all directions and orientations.

WO 2010/088959 discloses a method for programming an industrial robot comprising a
manipulator movable about a plurality of axes and a robot controller for controlling the
movements of the manipulator. The robot controller is further configured to switch between
a position control mode and a floating control mode in which the manipulator has a reduced
stiffness. When operating in the position control mode, the operation of the manipulator is
controlled in accordance with the pre-stored program. When switched to the floating control
mode, wherein the manipulator has the reduced stiffness, the programming of the robot by

means of lead-through of the robot is enabled or facilitated. The lead-through programming
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involves manually leading the manipulator to a sequence of desired positions and recording
the axis positions of the manipulator at each desired manipulator position and finally creating

a robot program based on the sequence of recorded axis positions of the manipulator.

SUMMARY
One object with the present invention is to improve the operation of the robot when operating

in a floating control mode.

The present disclosure relates to an industrial robot. The industrial robot comprises a
manipulator movable about a plurality of axes and a robot controller for controlling the
movements of the manipulator. The robot controller is arranged to support manual
programming of the industrial robot by means of lead-through of the manipulator while
obtaining the positions of the manipulator. The robot controller is arranged to, for each
obtained position of the manipulator in relation to at least one of the axes, determine
whether the obtained position is within at least one pre-defined haptic zone associated to
the axis. The robot controller is arranged to provide a haptic feed-back when determined

that the obtained position is within the haptic zone.

A haptic feed-back is herein intended to have a broad meaning including any vibrational
and/or resilient sensation. In line therewith, a haptic zone is intended to mean a zone

wherein the operator experiences any vibrational and/or resilient sensation.

The working range for an axis may for example be limited by a mechanical stop such as a pin.
The mechanical stop may be such that it cannot withstand too large mechanical stresses. If
introducing a haptic zone adjacent the mechanical stop, it is prevented that the mechanical
stop will be damaged during manual programming of the industrial robot. Further, when
operating the industrial robot according to a robot program created by the manual
programming, it is ensured that the manipulator is operating such that the axis positions are
kept at a distance from the mechanical stops. Thus, the operation of the industrial robot can

be controlled by defining the haptic zone(s). Thereby, the industrial robot can be controlled
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to operate in ranges wherein there is less wear. Accordingly, maintenance of the industrial

robot may be reduced.

In one option, the haptic feedback is provided by an increase in stiffness, in the axis

associated with the haptic zone.

In one option, the at least one pre-defined haptic zone associated to the axis is defined in

relation to at least one end position of the axis.

In one option, the obtained position is an angular position.

In one option, the robot controller comprises for each axis a servo controller arranged to
control a motor for driving the manipulator, wherein the servo controller is arranged to

operate in a first mode of operation outside the haptic zone and a second mode of operation
within the haptic zone. When operating within the haptic zone, the servo controller may

then be arranged to control the motor to provide the haptic feed-back.

When operating within the haptic zone, the servo controller has in one option an increased

servo gain. Thereby, a resilient sensation is obtained.

When operating within the haptic zone, the servo controller has in one option as input a
reference value corresponding to the border of the haptic zone. Thereby, a resilient

sensation is obtained.

In order to further enhance the effect of obtaining a resilient sensation, when operating
within the haptic zone, the servo controller has in one option a variable proportional gain

value, which is increasing with the distance to the border of the haptic zone.

In one option, at least when operating within the haptic zone, the servo controller has a

derivative part.
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In one option, the robot controller is configured to switch between a position control mode
and a floating control mode in which the manipulator has a reduced stiffness in at least one
of the axes, wherein in the floating control mode the manual programming of the robot is

enabled by means of lead-through of the manipulator.

In one option, the industrial robot comprises a switch arrangement for manual switch

between the position control mode and the floating control mode.

The present disclosure further relates to a robot control system for control of a manipulator
movable about a plurality of axes. The robot control system comprises a data processing
device and a memory having a computer program (P) stored thereon. The computer
program comprises program code which, when executed by the data processing device
causes the data processing device to repeatedly perform the following steps. A position of
the manipulator in relation to at least one of the plurality of axes is obtained. Then it is
determined whether the obtained position is with at least one haptic zone associated to the
axis. Thereafter a haptic feed-back of the manipulator is controlled when it is determined

that the obtained position is with the at least one haptic zone.

The present disclosure further relates to a method for lead-through programming of an
industrial robot comprising a manipulator movable about a plurality of axes and a robot
controller. The method comprises repeating the following steps. A manipulator position is
obtained to which the manipulator has been manually moved in relation to at least one of
the plurality of axes. Then, it is determined whether the obtained manipulator position is
with at least one haptic zone associated to said at least one of the plurality of axes.
Thereafter, a haptic feed-back of the manipulator is controlled when it is determined that

the obtained manipulator position is within the at least one haptic zone.

In one option, the method further comprises a step of thereupon creating a robot program

based on the obtained positions of the manipulator.

In one option, the method further comprises a step of when determined that the obtained

manipulator position is within the at least one haptic zone, determining a distance between



10

15

20

25

WO 2016/162066 5 PCT/EP2015/057735

the obtained manipulator position and a border of the haptic zone. The haptic feed-back of
the manipulator is then dependent on the distance to the border and the haptic feed-back is

increasing with increased distance.

BRIEF DESCRIPTION OF THE DRAWINGS
The present disclosure will now be described by way of examples with references to the

accompanying schematic drawings, of which:

Fig. 1 illustrates one example of an industrial robot comprising a manipulator and a robot

controller.

Fig. 2 is a block scheme illustrating one example of a robot controller of an industrial robot.

Figs 3a and 3b are diagrams illustrating examples of servo controllers of a robot controller

when operating in a floating control mode within a haptic zone.

Fig 4 is a diagram illustrating an example of a servo controller of a robot controller when

operating in the floating control mode outside the haptic zone.

Fig 5 illustrates one example of an operator control device of an industrial robot.

Fig 6 illustrates one example of a manipulator of an industrial robot.

Fig 7 is a block scheme illustrating one example of a robot control system for control of a

manipulator.

Fig 8 is a flow chart illustrating one example of a method for lead-through programming of a

robot.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying drawings, wherein for the sake of clarity and understanding

of the invention some details of no importance are deleted from the drawings. Moreover,
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the drawings shall not be considered drawn to scale as some features may be exaggerated in

order to more clearly illustrate the disclosure.

In Fig 1, an industrial robot 100 comprises a manipulator 300 movable about a plurality of
axes and a robot controller 200 for controlling the movements of the manipulator. The robot
controller 200 is arranged to support manual programming of the robot by means of lead-
through of the manipulator while obtaining the positions of the manipulator. The lead-
through programming involves manually leading the manipulator to a sequence of desired
positions and recording the axis positions of the manipulator at each desired manipulator
position. Finally, the robot controller creates a robot program based on the sequence of
recorded axis positions of the manipulator. While manually programming the industrial
robot, the robot controller 200 is arranged to, for each obtained position of the manipulator
in relation to at least one of the axes, determine whether the obtained position is within at
least one pre-defined haptic zone associated to the axis and providing a haptic feed-back

when determined that the obtained position is within the haptic zone.

In different embodiments, the obtained axis positions are angular positions.

The at least one pre-defined haptic zone associated to one of the axes may be defined in
relation to at least one end position of the axis. For example, at least one of the axes may
have an angular working range from 0 to 90°. One haptic zone of this axis may then for
example be in a range from 88° to 90°. Consequently, the manipulator is operated outside
the haptic zone of this axis when the angular position of the axis is smaller than 88°. Further,
the border of the haptic zone is at 88°. Yet further, the manipulator is operated within the
haptic zone of this axis when the angular position of the axis is larger than 88°. A
corresponding haptic zone may be defined at the other end of the working range of the axis.
In other embodiments, at least one of the axes has a working range in two or three
dimensions. Then, a haptic zone may be defined for each of the dimensions at one or each

end of the working range.

The working range may for example be limited by a mechanical stop such as a pin. The

mechanical stop may be such that it cannot withstand too large mechanical stresses. When



10

15

20

25

30

WO 2016/162066 7 PCT/EP2015/057735

introducing a haptic zone adjacent the mechanical stop, it is prevented that the mechanical
stop will be damaged during manual programming of the industrial robot. Further, when
operating the industrial robot according to the created robot program, it is ensured that the
manipulator is operating such that the axis positions are kept at a distance from the
mechanical stops. Thus, the operation of the industrial robot can be controlled by defining
the haptic zone(s). Thereby, the robot can be controlled to operate in ranges wherein there

is less wear. Accordingly, maintenance of the industrial robot may be reduced.

In different embodiments, the haptic feedback is provided by an increase in stiffness in the

axis associated with the haptic zone.

The robot controller 200 may be configured to switch between a position control mode and
a floating control mode in which the manipulator has a reduced stiffness in at least one of
the axes. In the floating control mode the manual programming of the industrial robot as

disclosed above is enabled by means of lead-through of the manipulator.

In the illustrated example, the industrial robot comprises an operator control device 500.
The operator control device may comprise a switch arrangement for manual switch between

the position control mode and floating control mode.

The robot controller 200 comprises in one example for each axis or each dimension a servo

controller arranged to control a motor for driving the manipulator.

In Fig 2, an example of a robot controller 200 is illustrated. The robot controller is arranged
to control the movements of a manipulator of an industrial robot. The robot controller
comprises in one example for each axis a servo controller arranged to control a motor for
driving the manipulator. In one example, the robot controller is configured to switch
between a position control mode and a floating control mode in which the manipulator has
a reduced stiffness in at least one of the axes. In the floating control mode the manual

programming of the robot is enabled by means of lead-through of the manipulator.
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The robot controller is arranged to support manual programming of the industrial robot by
means of lead-through of the manipulator while obtaining axis positions of the manipulator.
The robot controller 200 comprises in accordance with this illustrated example a first
module 240 configured to receive information related to manipulator positions to which a
manipulator has been manually moved in relation to at least one of a plurality of axes. The
robot controller comprises further a second module 241 configured to determine whether
the obtained manipulator position is within at least one haptic zone associated to said at
least one of the plurality of axes. The industrial robot controller comprises further a third
module 242 configured to control a haptic feed-back of the manipulator when it is
determined that the obtained manipulator position is within the at least one haptic zone
associated to said at least one of the plurality of axes. In different embodiments, the third
module 242 configured to control a haptic feed-back of the manipulator comprises for each
axis or each dimension a servo controller arranged to control a motor so as to obtain the

haptic feed-back.

The industrial robot controller comprises in the illustrated example an optional fourth
module 243 for determining where in the haptic zone the obtained manipulator position
associated to said at least one of the plurality of axes is. The forth module 243 thus
determines how long distance into the haptic zone said at least one of the plurality of axes
has moved. In other words, the fourth module determines the distance to a border of the
haptic zone for the at least one axis when the axis is in the haptic zone. The third module for
providing haptic feed-back may then be configured to provide the haptic feed-back also

based on the distance to the border of the haptic zone for the at least one axis.

In Figs 3a-3b and 4, a robot controller comprises for each axis, or each dimension of the axis,
a servo controller 250, 250°, 250""arranged to control a motor 251 for driving the
manipulator. Thus, each axis, or dimension of the axis, is connected to a servo controller
250, 250’, 250""arranged to control a corresponding motor 251. Each servo controller is
arranged to operate in a first mode of operation outside the haptic zone (Fig 4) and a second
mode of operation within the haptic zone (Figs 3a and 3b). When operating within the haptic

zone, the servo controller is arranged to control the motor to provide the haptic feed-back.
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The servo controller 250, 250°, 2507 is in one example formed as a P-regulator. The servo
controller 250, 250’, 250""is in one example formed as a PD-regulator. The servo controller

250, 250’, 250"is in one example formed as a PID-regulator.

The servo controller of figs 3a-3b and 4 is fed with a reference or set-point value. The
reference or set-point value corresponds to a reference position of the manipulator. The

reference or set-point value will be discussed more in detail below.

The reference or set-point value is compared to an actual output value. The actual output
value corresponds to an actual position of the manipulator axis. The actual position is on one
example obtained as a measured position of the motor or a measured position of the
manipulator axis or a combination thereof. In one example, at least one sensor is mounted
so as to obtain the actual position of the manipulator axis. The at least one sensor may be
adapted to sense the position of the manipulator axis and/or the position of the motor. In
one example the actual manipulator axis position is obtained as a current or voltage

provided by the motor 251.

An error signal e is formed based on a difference between the reference or set-point value
and the actual output value. The error signal e is multiplied with a gain Kp. In the illustrated
examples, the error signal e is multiplied with the gain Kp in a gain element 252, 2527, 252",
The servo controller 250, 250, 250" then feeds a torque control signal TC to a drive unit
253. The drive unit 253 is configured to provide the motor 251 with current in dependence
on the torque control signal TC. The torque control signal TC is based on the error signal e

multiplied with the gain Kp.

In the illustrated embodiments, when operating within and/or outside the haptic zone, the
servo controller has optionally a derivative element 254. The derivative element 254
controls speed. In the illustrated example the derivative element is operating on the actual
output value. An output from the derivative element 254 is in the illustrated example
subtracted from the signal from the gain element 252, 2527, 252", In optional embodiments,
when operating within and/or outside the haptic zone, the servo controller has optionally a

speed control gain element 255 configured to provide a speed control gain Kv. In the
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illustrated example, the speed control gain element 255 is in the signal path formed directly
before the drive unit 253. In a not illustrated example, the speed control gain element 255

may be formed in the signal path directly after the derivative element 254.

In the illustrated embodiments of Figs 3a and 3b, when operating within the haptic zone, the
servo controller 250, 250" has a reference or set-point value corresponding to the border of
the haptic zone. Thus the error signal e provided to the gain element 252 represents a
distance between the border of the haptic zone and the actual output value representing

the actual position of the manipulator axis.

In the illustrated embodiments of Figs 3a and 3b, when operating within the haptic zone, the
servo controller 250, 250" has an increased servo gain Kp in relation to the servo gain of the
servo gain when operating outside the haptic zone. Thus the servo gain Kp of the servo gain
element 252, 252" is larger than the servo gain Kp of the servo gain element 252" when

operating outside the haptic zone.

In the embodiments illustrated in relation to Fig 3a, when operating in within the haptic
zone, the servo controller 250" has a constant proportional gain value. Thus, the servo gain
Kp value of the servo gain element 252 is constant. Thereby, the output from the servo gain

element 252 is proportional to the input.

In the embodiments illustrated in relation to Fig 3b, when operating in within the haptic
zone, the servo controller 250" has a variable proportional gain value, which is increasing
with the distance to the border of the haptic zone. Thus the servo gain Kp value of the servo
gain element 252" is increasing with the distance to the border of the haptic zone. In one
example, the servo gain Kp value is selected such that the output from the servo gain

element 252’ is increasing exponentially in relation to the input.

In the illustrated embodiments of Fig 4, when operating outside the haptic zone, the servo
controller 250° has a reference or set-point value which is mirroring the actual output value
related to the axis position. Thus, the actual output value related to the axis position is used

as the reference or set-point value. Thus the error signal e provided to the gain element 252
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is characteristically aiming to be close to zero at least when operating the manipulator

slowly.

In the illustrated embodiments of Fig 4, when operating outside the haptic zone the servo

controller has optionally a servo gain Kp of the servo gain element 252"’ close to zero.

In using the servo controller 250, 2507, 250°" when acting outside the haptic zone(s), the
manipulator is made compliant and easy to move by hand. It is easy to move the
manipulator along a desired path. The programmer can grasp a tool of the manipulator and
lead the tool to desired positions and with desired orientations. The programmer may push
or pull any part of the manipulator in order to move the tool to the desired position. When
the programmer stops the movement, the manipulator will stay in the desired position,
since there is no resilience outside the haptic zone(s). When however, one of the
manipulator axes reaches a border of a haptic zone, the reference or set-point value is
altered to be the value of the border of the haptic zone. Further, the servo gain Kp is set to a
value substantially higher than outside the haptic zone. The servo gain Kp is set to a value
such that the manipulator becomes resilient when entering the haptic zone. This may be
even more enhanced by making the servo gain variable and increasing as the manipulator
axis moves longer into the haptic zone. In one example the servo gain is dependent on the

direction of movement of the position of the manipulator axis.

In Fig 5, an example of an operator control device 500 for a robot controller is illustrated.
The operator control device 500 is for example a portable operator control device. A robot
operator uses the operator control device for manually controlling the robot, for example to
jog the robot. The operator control device may also be used for monitoring robot program,

changing certain variables in the program, starting, stopping and editing the program.

The operator control device 500 comprises operator control means, for example a joystick
512 and/or a set of buttons 511. The operator control device comprises further in the
illustrated example a visual display unit 510. The operator control device comprises in the
illustrated example safe equipment 513. The operator control device is connected to the

robot controller either via a cable or wirelessly.
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The operator control device 500 comprises in the illustrated example a switch arrangement
514 for manual switch between the position control mode and the floating control mode.
Thus, the switch arrangement 514 is configured to be operated by an operator for switching
the robot controller between the position control mode and the floating control mode. In
this embodiment the switch arrangement 514 is arranged on the operator control device in
the form of a pushbutton. Alternatively, the switch arrangement may be provided on the
manipulator. Alternatively, the switch arrangement can be a soft button displayed on the

display unit 510, or as an alternative on a menu displayed on the display unit 510.

In one example, the operator control device makes it possible for a user to select in which
axes, or dimensions of the axes, the manipulator shall be stiff and in which axes the
manipulator shall be soft when the robot is in the floating control mode. By the axes of the

manipulator are meant the rotational axes of the manipulator.

For example, when the user operates the switch arrangement 514 so that the robot
controller is switched to the floating control mode, a menu is displayed on the display unit
510 showing options regarding in which axes the manipulator shall be soft in the floating

control mode.

In an alternative embodiment, all axes of the manipulator are displayed on the display unit
510 and it is possible to select which axes to be soft in the floating control mode. Further it is
possible to select haptic zones for the axis which are soft in the floating control mode.
Information related to the selected axes is transferred from operator control device to the
robot controller. The information may comprise information related to which axes are soft in

the floating control mode and possible haptic zones associated to the soft axes.

In one embodiment of the invention, the manipulator is provided with a device (not shown)
for generating information on in which direction a programmer intends to move the
manipulator during programming of the robot. The device is, for example, a set of buttons
each representing a Cartesian direction or orientation, or a handgrip unit including a sensor
sensing directions of forces or torques from a user. The device is, for example, a space

mouse sensing forces in three degrees of freedom and torques in three degrees of freedom.
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The device is in communication with the robot controller and transfers information on the
intended direction to the robot controller. The device is to be used when programming a
heavy robot having large static friction. For small and medium sized manipulators it might
not be necessary to use the device. The device can be mounted anywhere on the

manipulator.

In Fig 6, an example of a manipulator 300 is illustrated. The manipulator is movable about a
plurality of axes. In the illustrated example, the manipulator 300 has three main axes and
three wrist axes. The manipulator comprises a stationary foot 601, usually referred to as the
base of the robot. The base 601 supports a stand 602, which is rotatable about a first axis
(not shown). A first arm 603 is rotatable mounted to the stand 602. The first arm 603 is in
the example rotatable about a second axis 607. A second arm 604 is rotatable mounted to
the first arm 603. The second arm 603 is in the example rotatable about a third axis 606. The
second arm 604 supports a wrist unit 605. The wrist unit 605 is rotatable about a fourth, a
fifth and a sixth axis 608. The wrist supports a tool 609, or a work object, in which an
operating point, called TCP (tool centre point) may be defined. A robot path of the operating

point is to be programmed.

When operating in position control mode the manipulator is stiff in all axes. When operating
in the floating control mode the manipulator is soft, i.e. has a low stiffness, in at least one of
the axes. The position control mode is the default mode used during normal operation of the

robot. In the following the term soft is used synonymously with having a reduced stiffness.

In Fig 7, a robot control system 700 for control of a manipulator movable about a plurality of
axes is illustrated. The robot control system 700 comprises a data processing device 720 and
a memory 721 having a computer program stored thereon. The computer program
comprises program code which, when executed by the data processing device 720, causes
the data processing device 720 to repeatedly perform the following steps. The position of
the manipulator in relation to at least one of the plurality of axes is obtained. The robot
control system receives the obtained position from the manipulator via manipulator
interface 722, if the robot control system is not integrated with the manipulator. The data
processing device then determines whether the obtained position is within at least one

haptic zone associated to the axis. The data processing device then controls a haptic feed-
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back of the manipulator when it is determined that the obtained position is within the at
least one haptic zone. Signals for control of the haptic feed-back are in one example wherein
the robot control system is not integrated with the manipulator transferred to the
manipulator via the manipulator interface 722. The robot control system further comprises
an operator interface 723 for communication with an operator control device. Examples of

operator control devices are disclosed in relation to fig 5.

In fig 8, a method 800 for lead-through programming of an industrial robot comprising a
manipulator movable about a plurality of axes and a robot controller is illustrated. The
method comprises a step of measuring 830 a manipulator position to which the manipulator
has been manually moved in relation to at least one of the plurality of axes. The method
further comprises a step of determining 831 whether the obtained manipulator position is
with at least one haptic zone associated to said at least one of the plurality of axes. The
method further comprises a step of controlling 832 a haptic feed-back of the manipulator
when it is determined that the obtained manipulator position is within the at least one

haptic zone.

In the illustrated example, the method further comprises a step of thereupon creating 833 a

robot program based on the obtained positions of the manipulator.

In one optional example, when determined 831 that the obtained manipulator position is
within the at least one haptic zone, the method comprises further a step of determining 834
a distance between the obtained manipulator position and a border of the haptic zone,
wherein the haptic feed-back of the manipulator is dependent on the distance to the border

and wherein the haptic feed-back is increasing with increased distance.
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CLAIMS

1.

An industrial robot (100) comprising

- a manipulator (300) movable about a plurality of axes and

- a robot controller (200) for controlling the movements of the manipulator, wherein
the robot controller is arranged to support manual programming of the industrial
robot by means of lead-through of the manipulator while obtaining the positions of
the manipulator and wherein the robot controller is arranged to, for each obtained
position of the manipulator in relation to at least one of the axes, determine whether
the obtained position is within at least one pre-defined haptic zone associated to the
axis and providing a haptic feed-back when determined that the obtained position is

within the haptic zone.

An industrial robot (100) according to claim 1, wherein the at least one pre-defined
haptic zone associated to the axis is defined in relation to at least one end position of

the axis.

An industrial robot (100) according to any of the preceding claims, wherein the

obtained position is an angular position.

An industrial robot according to any of the preceding claims, wherein the robot
controller (200) comprises for each axis a servo controller (250, 250°, 250”") arranged
to control a motor (251) for driving the manipulator, wherein the servo controller (250,
250, 2507") is arranged to operate in a first mode of operation outside the haptic zone

and a second mode of operation within the haptic zone.

An industrial robot according to claim 4, wherein when operating within the haptic
zone, the servo controller is arranged to control the motor to provide the haptic feed-

back.

An industrial robot according to claim 4 or 5, wherein when operating within the

haptic zone, the servo controller has an increased servo gain.
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11.

12.

13.
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An industrial robot according to any of the claims 4-6, wherein when operating within
the haptic zone, the servo controller has as input a reference value corresponding to

the border of the haptic zone.

An industrial robot according to any of the claims 4-7, wherein when operating in
within the haptic zone, the servo controller has a variable proportional gain value,

which is increasing with the distance to the border of the haptic zone.

An industrial robot according to any of the claims 4 to 8, wherein at least when

operating within the haptic zone, the servo controller has a derivative part.

An industrial robot according to any of the preceding claims, wherein the haptic
feedback is provided by an increase in stiffness, in the axis associated with the haptic

Zzone.

An industrial robot according to any of the preceding claims, wherein the robot
controller is configured to switch between a position control mode and a floating
control mode in which the manipulator has a reduced stiffness in at least one of the
axes, wherein in the floating control mode the manual programming of the robot is

enabled by means of lead-through of the manipulator.

An industrial robot according to claim 11, further comprising a switch arrangement
(514) for manual switch between the position control mode and the floating control

mode.

A robot control system (700) for control of a manipulator (300) movable about a
plurality of axes, said robot control system comprising a data processing device (720)
and a memory (721) having a computer program (P) stored thereon, the computer
program comprising program code which, when executed by the data processing
device (720), causes the data processing device (720) to repeatedly perform the steps

of
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- obtaining a position of the manipulator in relation to at least one of the plurality of
axes,

- determining whether the obtained position is with at least one haptic zone associated
to the axis, and

- controlling a haptic feed-back of the manipulator when it is determined that the

obtained position is with the at least one haptic zone.

A method (800) for lead-through programming of an industrial robot comprising a
manipulator movable about a plurality of axes and a robot controller, said method
comprising repeating the steps of

- obtaining (830) a manipulator position to which the manipulator has been manually
moved in relation to at least one of the plurality of axes,

- determining (831) whether the obtained manipulator position is with at least one
haptic zone associated to said at least one of the plurality of axes, and

-controlling (832) a haptic feed-back of the manipulator when it is determined that the

obtained manipulator position is within the at least one haptic zone.

A method according to claim 14, further comprising a step of thereupon creating (833)

a robot program based on the obtained positions of the manipulator.

A method according to claim 14 or 15, further comprising a step of

when determined that the obtained manipulator position is within the at least one
haptic zone, determining (834) a distance between the obtained manipulator position
and a border of the haptic zone, wherein the haptic feed-back of the manipulator is
dependent on the distance to the border and wherein the haptic feed-back is

increasing with increased distance.
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