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Description

The invention concerns human-robot collaboration workstation, exhibiting a robot
with a robot controller and with a robot arm exhibiting a plurality of joints and links
connecting the joints, the joints of which can be automatically adjusted by the robot
controller to hold and/or move a tool or workpiece held by the robot arm in a space by
adjusting the joints of the robot arm, further exhibiting a mounting device with a sta-
tionary base frame and a fixing device that is configured to hold in place a workpiece
or a tool, such that the workpiece and/or tool being held at the mounting device can be

mounted and/or machined in interaction with the robot arm.

WO 2014/049637 Al describes a work station for the welding of components by
means of welding tongs that are guided by a robot. Two identical mounting devices
are mounted in a pivotable manner on a rotary table. Each mounting device is config-
ured to hold two components that are to be welded. By turning the rotary table, each
mounting device can selectively be brought closer to the robot, so that the robot can
weld the components with welding tongs that are guided by the robot itself, or brought
closer to a person, i.e. a worker, so that the worker can remove a finished welded
component from the mounting device and insert new components to be welded into
the mounting device. Each mounting device can actively be pivoted by means of an
automatic control device, so that the mounting device can be aligned differently, de-

pending on its allocation to the worker or to the robot, by actively being moved.

The task of the invention is to provide a HRC work station that exhibits advanced

safety features.

The task of the invention is solved by a HRC work station, exhibiting a robot with a
robot controller and with a robot arm exhibiting a plurality of joints and links connect-
ing the joints, the joints of which can be automatically adjusted by the robot controller
to hold and/or move a tool or workpiece held by the robot arm in a space by adjusting
the joints of the robot arm, further exhibiting a mounting device with a stationary base
frame and a fixing device that is configured to hold in place a workpiece or a tool,

such that the workpiece and/or tool being held at the mounting device can be mounted
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and/or machined in interaction with the robot arm, whereby the mounting device ex-
hibits a mechanical adjusting device and a triggering device that can be controlled by
the robot controller and the adjusting device is configured to automatically move the
fixing device in relation to the base frame from an operating position into a safe posi-

tion when the triggering device is activated.

The term HRC workstation stands for a human-robot collaboration workstation. A
person, who can also be referred to as a worker, works at such an HRC work station,
whereby, in spatial proximity, in particular in close cooperation with the person, an
automatically actuatable robot executes movements, in particular work on a work-
piece, without the robot having to be separated from the person by a safety rail. In
particular, at an HRC workplace, the contact between human and robot can, if neces-
sary, be permitted or take place, and the robot can in particular also be guided manual-
ly by the person and/or a workpiece can be handled and/or machined jointly by the

person and the robot.

The inventive HRC workstation can exhibit a workpiece that is stationarily held in
place by the mounting device and a tool that is guided by the robot. The workpiece
can be machined and/or mounted by the robot-guided tool. In doing so, the machining
and/or mounting performed by the robot is assisted by a worker, i.e. the worker can
manually affect the machining operation and/or the mounting operation, for example
with additional manually guided tools and/or with manually added machine elements

or other components.

The inventive HRC workstation can alternatively or additionally exhibit a tool that is
stationarily held in place by the mounting device and a workpiece that is guided by the
robot. The workpiece guided by the robot can be machined and/or mounted by the
stationary tool. In doing so, the machining and/or mounting performed by the robot is
assisted by a worker, i.e. the worker can manually affect the machining operation
and/or the mounting operation, for example with additional manually guided tools

and/or with manually added machine elements or other components.
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Robot arms with associated robot controllers, in particular industrial robots, are ma-
chines that can be equipped to automatically handle and/or machine objects with tools
and can be programmed to move along multiple axes, for example, with respect to
orientation, position and operating sequence. Industrial robots typically exhibit a robot
arm with multiple links connected via joints, and programmable robot controllers
(control devices) that automatically control or direct the movement sequences of the
robot arm during operation. The links are moved via drives, in particular electric
drives that are actuated by the robot controller, in particular with respect to the move-

ment axes of the industrial robot, which represent the degrees of freedom of the joints.

A robot arm exhibiting a plurality of links connected via joints can be configured as
an articulated robot with multiple links and joints arranged in series one after the oth-
er, in particular, the redundant industrial robot can exhibit one robot arm with seven or

more joints.

The robot can in particular be a redundant robot, which is understood to mean a robot
arm that is movable by means of a robot controller and possesses more manipulatable
degrees of freedom than are needed to perform a task. The degree of redundancy re-
sults from the difference in the number of degrees of freedom of the robot arm and the
dimension of the event space in which the task is to be solved. It can be a kinematic
redundancy or a task-specific redundancy. In the case of kinematic redundancy, the
number of kinematic degrees of freedom, in general, the number of joints of the robot
arm, is greater than the event space, which in a real environment is defined by move-
ment in space through the three translational and the three rotational degrees of free-
dom, i.e. with six degrees of freedom. A redundant industrial robot can therefore be a
lightweight robot with seven joints, for example, in particular seven swivel joints. In
the case of task-specific redundancy, on the other hand, the dimension of the task is
smaller than the number of kinematic degrees of freedom of the robot arm. This is the
case, for example, if the robot arm carries on its hand flange a tool that is rotatable
about a tool drive axis, such as an inventive screwing device, and one of the swivel

joints of the robot arm is aligned along this tool drive axis.
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For a force- and/or torque-controlled actuation of the joints of the robot arm, the joints
of the robot arm can be parameterized with respect to their rigidity. To do this, in all
versions, the force- and/or torque-controlled actuation of drives of the robot arm can
be performed by means of impedance control or admittance control. The robot con-
troller can be configured to generate a compliance of the robot arm that is suitable for
safe human-robot collaboration, in particular by means of impedance control or admit-

tance control.

Robot arms with associated robot controllers, such as industrial robots, can in particu-
lar be so-called lightweight robots, which at first glance differ from conventional in-
dustrial robots in that they exhibit a size that is favorable for human-machine collabo-
ration (HRC) and at the same time exhibit a load carrying capacity that is high relative

to their own weight.

Such a robot arm, or such a lightweight robot, usually exhibits more than six degrees
of freedom, thus creating an overdetermined system, as a result of which the same
point in space in the same orientation can be achieved in multiple, in particular even
an infinite number of different, poses of the robot arm. The lightweight robot can re-
spond to external force effects in appropriate ways. Force sensors, which can measure
forces and torques in all three spatial directions, can be used for force measurement.
Alternatively or additionally, the external forces can also be calculated without sen-
sors, for example by using the measured motor currents of the drives at the joints of
the lightweight robot. An indirect force control, for example by modeling the light-
weight robot as a mechanical resistance (impedance), or a direct force control can be

used as control concepts.

Aside from that, lightweight robots can as mentioned in particular also be operated in
a force- and/or torque controlled, instead of only a position-controlled, manner, which,
for instance, makes human-robot collaboration (HRC) much safer. This can also
achieve a human-machine collaboration that is so safe that unintended collisions of the
robot arm with persons, for example, can either be prevented, or at least mitigated in

such a way that the persons and/or workers are not harmed.
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Due to the fact that the mounting device inventively exhibits a mechanical adjusting
device and a triggering device that can be controlled by the robot controller, and the
adjusting device is configured to automatically move the fixing device in relation to
the base frame from an operating position into a safe position when the triggering de-
vice is activated, if an instance of trapping occurs, for example of a body part of a
worker, the trapping can be reversed as quickly as possible, i.e. removed. This is par-
ticularly advantageous because, in the event of a collision detected by the robot, for
safety reasons the robot arm is stopped immediately with a safety-oriented halt and, if
the outcome is unfavorable, this may result in the now stationary robot trapping a
body part of the worker. Since the robot arm that has been stopped for safety reasons
can be

brought back into an operational state only very slowly and/or starting the robot can
even lead to undesired movements, the inventive mounting device is helpful in very
quickly freeing a trapped worker from this position. Since the inventive mounting
device preferably does not require any active actuation at all, i.e. works automatically,
even in the event of an outage of the electric power supply or in the event of a failure
of the robot controller, the inventive mounting device can immediately be brought into

the safe position in which potential trapping is reliably eliminated.

The robot can exhibit a collision detection device and the robot controller can be con-
figured and/or equipped, in the event of a detected collision of the robot arm with an

obstacle, in particular a person, to activate the triggering device.

The collision detection device can be implemented in the robot controller and can, for
example, be configured in a per se known manner. The collision detection device can
exhibit separate collision sensors, for instance. These collision sensors can be dis-
posed on the framework of the robot arm for example, i.e., on the links of the robot
arm. However, collision detection can also be performed programmatically by the

robot controller by evaluating forces and torques in the joints of the robot arm.

The robot can in particular exhibit a collision detection device that is configured to
detect the trapping of an obstacle, in particular a person or a human body part, be-

tween the workpiece or tool being held by the mounting device and the tool or work-
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piece being held and/or moved by the robot arm or a link of the robot arm itself, and
the robot controller can be configured and/or equipped to activate the triggering de-

vice in the event of detected trapping.

If a collision is detected by the collision detection device, the robot arm is stopped by
the robot controller, in particular in a safety-oriented manner. At the same time, a con-
trol signal can be sent to the inventive mounting device, for example via a safe output
of the robot controller. Such a control signal may, for example, simply be switching
off the electric power supply of the electric holding magnets, which hold the fixing
device in the operating position against a spring-pretensioning or against gravity. This
means that, in the event of a safety-oriented stop of the robot arm, the robot controller
interrupts the power supply of the electric holding magnets, whereby the fixing device
automatically, i.e. without the need for a power supply, is moved from the operating

position into the safe position.

The mechanical adjusting device can be configured to move the fixing device in a
vertical direction, in particular from the operating position into the safe position, rela-

tive to the base frame in the direction of gravity.

Such vertical adjustability is particularly useful when the mechanical adjusting device
is mounted on the base frame by means of a bearing, in particular a linear track, in
such a way that the fixing device moves automatically into the safe position by means
of gravity when the triggering device is activated. In this way, in the operating posi-
tion, the fixing device can be in a higher vertical position and thus possess higher po-
tential energy. The safe position is then in a lower vertical position, and the fixing
device possesses lower potential energy there than in the operating position. The fix-
ing device can thus be moved to the safe position solely due to the potential energy,
i.e. by gravitational force. The fixing device can therefore operate in a purely passive

manner, i.e. in particular does not require an external power supply.

The mechanical adjusting device can however also be configured to move the fixing

device in a horizontal direction relative to the base frame.
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Such horizontal adjustability is particularly useful when the mechanical adjusting de-
vice 1s mounted on the base frame by means of a spring-pretensioned mount, in par-
ticular a spring-pretensioned linear track, in such a way that the fixing device moves
automatically into the safe position by means of a pretension force when the triggering
device is activated. The spring pretensioning force can be provided by a metallic
spring coil, for example, that is stretched in the operating position of the fixing device
and moves the fixing device into its safe position when it relaxes. In this type of em-
bodiment, by means of at least one mechanical spring, which of course also stores
potential energy, the fixing device can also operate in a purely passive manner, i.e. in

particular does not require an external power supply.

There are also other design variants, however, in which the mechanical adjusting de-
vice can be mounted on the base frame by means of a bearing, in particular a linear
track, in such a way that the fixing device moves automatically into the safe position

by means of gravity when the triggering device is activated.

There are also other design variants, however, in which the mechanical adjusting de-
vice can be mounted on the base frame by means of a spring pretensioned bearing, in
particular a spring pretensioned linear track, in such a way that the fixing device
moves automatically into the safe position by means of a pretensioning force when the

triggering device is activated.

The movement of the fixing device from its operating position into its safe position
can, for example, also be carried out on a track that exhibits both vertical and horizon-
tal direction components. The fixing device can, for example, also be brought from the

operating position into the safe position by means of a pivoting movement.

The triggering device can exhibit at least one mechanical holding device, in particular
exhibiting a mechanically actuable latch, and/or a pneumatic holding device, in par-
ticular exhibiting a pneumatically actuatable latch, and/or an electromagnetic holding
device, whereby, in a non-activated state of the triggering device, the respective hold-

ing device is configured to keep the fixing device in the operating position.
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The respective holding device can be configured to release the fixing device when the
triggering device is activated, so that the fixing device can automatically move from

the operating position into the safe position.

The electromagnetic holding device can exhibit at least one, in particular four, elec-
tromagnets, which are attached to the base frame and configured, in a non-activated
state of the triggering device, to hold an anchor plate connected to the fixing device in
the operating position of the fixing device by means of magnetic force.

One specific design example of the invention is explained in more detail in the follow-
ing description with reference to the accompanying figures. Specific features of this
design example can represent universal features of the invention independently of the
actual context in which they are mentioned, and, as the case may be, can be consid-

ered individually or in combination.

The figures show:

Fig. 1  a schematic illustration of an exemplary HRC workstation with a robot guid-
ing a tool, a workpiece stationarily disposed on an inventive mounting device
and a worker guiding an additional manual tool,

Fig.2 a sectional view of the inventive mounting device according to Fig. 1 stand-
ing alone in its operating position,

Fig.3 a sectional view of the inventive mounting device according to Fig. 1 stand-
ing alone in its lowered safe position after the triggering device has been ac-
tivated, and

Fig. 4 anexploded view of the inventive mounting device according to Fig. 1.

Fig. 1 schematically shows a HRC work station with a robot 1 in an exemplary design
as a so-called lightweight robot. The robot 1 exhibits a robot arm 2 and a robot con-
troller 3. The robot arm 2 comprises a plurality, in the case of the present design ex-
ample eight, links 5 to 12, which are arranged one after another and rotatably connect-

ed by means of seven joints 4.

The robot controller 3 of the robot 1 is configured or equipped to execute a robot pro-

gram, via which the joints 4 of the robot arm 2 can be adjusted or rotated in an auto-
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mated manner in accordance with the robot program or automatically in a manual op-
eration. For this purpose, the robot controller 3 is connected with actuatable electric

drives, which are configured to adjust the joints 4 of the robot 1.

An end link 12 of the robot arm 2, which is also referred to as the robot flange, carries
a tool 14a. In the case of the present design example, the tool 14a is configured for the

automatic machining of a workpiece 14b.

At the exemplary HRC workstation, a worker 13 collaborates with the robot 1. For
this purpose the worker 13 operates a manual tool 14c¢, which he holds in his hand 15

and can move with his arm 16.

The HRC work station of the present design example further exhibits a mounting de-
vice 17. The mounting device 17 comprises a stationary base frame 19 and a fixing
device 18. In the case of the present design example, the fixing device 18 is config-
ured to hold the workpiece 14b in such a way that the workpiece 14b, which is being
held on the mounting device 17 and is shown in Fig. 1 with dashed lines, can be
mounted and/or machined in an interaction of the robot arm 2 and the worker 13. The
base frame 19 is fixedly installed. The base frame 19 can be mounted on the floor of a
workshop, for example, or on a gantry connected to the floor of the workshop. To be
able to temporarily attach a wide variety of workpieces 14b to the fixing device 18, for
example by means of clamping claws, the fixing device 18 can, for example, exhibit
bores, grooves and/or dovetail guides. The fixing device 18 can thus generally be con-

figured like a machine table.

As shown standing alone in Fig. 2 and Fig 3, the mounting device 17 exhibits a me-
chanical adjusting device 20 and a triggering device 21 that can be actuated by the

robot controller 3.

The adjusting device 20 is configured to automatically move the fixing device 18 in
relation to the base frame 19, as illustrated by the arrow P, from an operating position,
as shown in Fig. 2, to a safe position, as shown in Fig. 3, when the triggering device

21 1s activated.
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The fixing device 18 exhibits a base plate 22. The base plate 22 can cover a cavity 23
of the base frame 19. The base plate 22 can exhibit a skirt-like downturned edge sec-
tion 22.1, by means of which engagement into the cavity 23 is prevented when the
fixing device 18 is in the operating position shown in Fig. 2. In the safe position ac-
cording to Fig. 3, the cavity 23 is configured to accommodate the fixing device 18 in

its lowered position.

To be able to move the fixing device 18 from the operating position to the lowered
safe position, the fixing device 18 is mounted on the base frame 19 by means of a
bearing 24, in particular a linear track 24a, in a linearly adjustable manner. By means
of the bearing 24, in particular the linear track 24a, the mechanical adjusting device 20
in the case of the present design example is configured to move the fixing device 18 in
a vertical direction (arrow P) relative to the base frame 19, i.e. in the direction of grav-

ity, from the operating position into the safe position.

If, by means of its collision detection device, which can be integrated at least partially
or completely into the robot controller 3 (Fig. 1), the robot 1 detects a collision - for
example, as schematically illustrated in Fig. 2, the robot arm 2 traps the hand 15 or
arm 16 of the worker 13 between the robot arm 2 and the workpiece 14b - the trigger-

ing device 21 is activated by the robot controller 3.

Due to the mechanical and automatic adjusting device 20 or by means of the bearing
24, in particular the linear track 24a, the fixing device 18 is automatically moved into
the safe position, as shown in Fig. 3, by means of gravity when the robot controller 3

activates the triggering device 21.

The fixing device 18 therefore falls downward into the safe position as a result of
gravity. To prevent the fixing device 18 from striking the base frame 19 hard, an elas-
tic buffer 30 can be provided to cushion the fixing device 18 that is falling into the

safe position.

In the safe position then, as shown schematically in Fig. 3, the clamping effect has

been removed, i.e. in the case of the illustrated example, the hand 15 or the arm 16 of
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the worker 13 is no longer trapped between the robot arm 2 and the workpiece 14b,

but has instead been released.

At least one position transducer 25, in particular two in this respect redundantly con-
figured position transducers 25, can exhibit a Hall sensor, for example, and, on a
crosspiece 26 that is connected to the lowerable fixing device 18 and which can be a
metal strip, detect whether the fixing device 18 is in the safe position, as shown in Fig.
3, or in the operating position, as shown in Fig. 2. The position transducer 25 can be
electrically connected to the robot controller 3 and integrated into the control system
in such a way that automatic actuation of the robot arm 2 is only possible, if it has
been determined automatically via the position transducer 25 that the fixing device 18

is in the operating position.

In the case of the present design example, the triggering device 21 exhibits an elec-
tromagnetic holding device 27. The electromagnetic holding device 27 is configured,
in a non-activated state of the triggering device 21, to keep the fixing device 18 in the

operating position.

The electromagnetic holding device 27 is configured, in an activated state of the trig-
gering device 21, to release the fixing device 18, so that the fixing device 18 can au-
tomatically move from the operating position according to Fig. 2 into the safe position

according to Fig. 3.

Fig. 4 shows clearly that, in the case of the present design example, the electromagnet-
ic holding device 27 exhibits four electromagnets 28.1, 28.2, 28.3, 28.4, which are
attached to the base frame 19 and configured, in a non-activated state of the triggering
device 21, to hold an anchor plate 29 connected to the fixing device 18 in the operat-

ing position according to Fig 2. of the fixing device by means of magnetic force.
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PATENTKRAV

1. MRK-arbejdsstation omfattende en robot (1) med robotstyring (3) og med en robo-
tarm (2) inklusiv et flertal af led (4) med forbindelseselementer (5-12) der forbinder
leddene (4), hvilken robotarms(2) led (4) kan indstilles automatisk af robotregulatoren
(3) til at holde og / eller flytte et verktgj (14a) eller emne (14b), der holdes af robot-
armen (2) 1 rummet ved at justere robotarmens (2) led (4), yderligere omfattende en
fastspendingsanordning (17) med en stationer basisramme (19) og en fastggrelsesind-
retning (18), der er udformet til at holde et emne (14b) eller et veerktgj (14a) saledes,
at emnet der er fastholdt pa fastspendingsanordningen (17) (14b) eller med robotar-
men (2) samles og / eller bearbejdes 1 samarbejde med verktgjet (14a) der er holdt af
robotarmen (2) eller fastspandingsanordningen (17), kendetegnet ved, at fastspan-
dingsanordningen (17) omfatter en mekanisk justeringsanordning (20) og en af

robotstyringen (3) styrbar udlgsningsindretning (21) og at justeringsindretningen (20)
er indrettet til at automatisk justere fastggrelsesindretningen (18) 1 forhold til den sta-
tionzre bund (19) fra en driftsstilling til en sikkerhedsstilling, nar udlgsningsanord-

ningen (21) aktiveres.

2. MRK-arbejdsstation ifglge krav 1, hvor robotten (1) har en kollisionsdetektering-
sindretning, og robotstyringen (3) er konstrueret og / eller indrettet til at aktivere ud-
lgsningsanordning (21) 1 tilfeelde af en detekteret kollision af robotarmen (2) med en

hindring, is&r et menneske.

3. MRK-arbejdsstation ifglge krav 1 eller 2, hvor robotten (1) omfatter en kollisions-
detekteringsindretning, der er udformet til at detektere indklemning af en forhindring,
iser et menneske eller en menneskelig kropsdel, mellem emnet (14b) eller verktgjet
(14a), der fastholdes af fastspeendingsanordningen (17), og verktgjet (14a) eller emnet
(14b), der er holdes og / eller bevages af af robotarmen (2) eller et forbindelsesele-
ment (5-12) af selve robotarmen (2), og robotstyringen (3) er konstrueret og / eller
indrettet til at aktivere udlgsningsanordningen (21) i tilfeelde af en detekteret indklem-

ning.
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4. MRK arbejdsstation ifglge et af kravene 1 til 3, hvor den mekaniske justeringsan-
ordning (20) er indrettet til at justere fastggrelsesindretningen (18) 1 forhold til basis-
rammen (19) 1 en vertikal retning, iser fra driftspositionen til sikkerhedsstillingen 1

retning af tyngdekraften.

5. MRK arbejdsstation ifglge et af kravene 1 til 3, hvor den mekaniske justeringsan-
ordning (20) er indrettet til at justere fastggrelsesindretningen (18) 1 forhold til basis-

rammen (19) 1 en horisontal retning.

6. MRK arbejdsstation ifglge et af kravene 1 til 5, hvor den mekaniske justeringsan-
ordning (20) ved hjlp af et leje (24), is@r en lineer styring (24a) pa basisrammen
(19) er monteret saledes, at fastggrelsesindretningen (18) ved aktiveret udlgsningsind-
retning (21) automatisk bevager sig ind i sikkerhedsstillingen ved hjelp af tyngde-
kraften.

7. MRK arbejdsstation ifglge et af kravene 1 til 5, hvor den mekaniske justeringsan-
ordning (20) er monteret pa basisrammen (19) ved hjelp af et fjederforspaendt leje
(24), iser en fjederforspendt lineeer styring (24a) saledes, at fastggrelsesindretningen
(18) ved aktiveret udlgsningsanordning (21) automatisk bevaeger sig i sikkerhedsstil-

lingen ved hjelp af en fjeder forspaendingskraft.

8. MRK-arbejdsstation ifglge et af kravene 1 til 7, hvor udlgsningsanordningen (21)
omfatter mindst en mekanisk holdeanordning, iser omfattende en mekanisk betjent
rigel og / eller en pneumatisk holdeanordning, is@r omfattende en pneumatisk beva-
gelig rigel og / eller en elektromagnetisk holdeindretning (27), hvor den respektive
holdeindretning (27) er indrettet til at holde fastggrelsesindretningen (18) 1 driftsposi-

tionen nar udlgsningsindretningen (21) er i en ikke-aktiveret tilstand.

9. MRK arbejdsstation ifglge krav 8, hvor den respektive holdeindretning (27) er ud-
formet til at friggre fastggrelsesindretningen (18) 1 aktiveret tilstand af udlgsningsind-
retningen (21), sdledes at fastggrelsesindretningen (18) automatisk kan justerer sig fra

driftsstillingen til sikkerhedsstillingen.
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10. MRK-arbejdsstation ifglge krav 8 eller 9, hvor den elektromagnetiske holdeindret-
ning (27) omfatter i det mindste en, is@r fire elektromagneter (28.1, 28.2, 28.3, 28.4),
der er fastgjort til bundrammen (19), som er konfigureret i en ikke aktiveret tilstand af
udlgsningsindretningen (21) til at fastholde en forankringsplade (29) der er forbundet
med fastggrelsesindretningen (18) i en driftsposition ved hjelp af magnetisk kraft, nar

udlgsningsindretningen (21) er i en ikke-aktiveret tilstand.
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