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(57) Abregeé/Abstract:

The present invention relates to a gripping device (1) for mechanical fasteners, such as rivets, screws, bolts and similar and to a
robot effector employing such a device. The device comprises a housing (10) and a pair of jaws (20, 21) arranged on a holder (40),
which pair Is adapted to grip a mechanical fastener therebetween. The holder (40) is In turn arranged rotatable inside of the
housing (10) and the jaws (20, 21) allow a self-centering of a gripped mechanical fastener.
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(57) Abstract: The present invention
relates to a gripping device (1) for
mechanical fasteners, such as rivets,
screws, bolts and similar and to a robot
etfector employing such a device. The
device comprises a housing (10) and a
pair of jaws (20, 21) arranged on a hold-
er (40), which pair 1s adapted to grip a
mechanical fastener therebetween. The
holder (40) 1s in turn arranged rotatable
inside of the housing (10) and the jaws
(20, 21) allow a self-centering of a
gripped mechanical fastener.
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Gripping device for mechanical fasteners

I. Field of the invention

The present invention relates to a gripping device for mechanical
fasteners, such as rivets, screws, bolts and similar and a robot effector

and a robot being provided with such a device.

1. Technical background

In many industrial manufacturing processes, mechanical fasteners, such
as rivets, screws, bolts and similar are used for joining or fixing two or
more objects together. The installation of such mechanical fasteners is
often automated by machines or robots that can install mechanical
fasteners much quicker and with a higher precision than a human being.
For such automated systems it is necessary to feed the mechanical
fasteners quickly and reliable to the actual installation mechanisms. This
can be done by hand, whereas in most instances it is preferred to use
appropriate automated feeding mechanisms. Automated installation
processes for mechanical fasteners therefore often require that the
fastener to be installed 1s picked up from a first position, such as from a
feeding mechanism or from a supply magazine or similar, and is moved
to another location for further processing or installation. Therefore, such
eripping devices should not only be reliable and accurate, but it is often
desired that the mechanical fasteners are provided in a certain

orientation.

From prior art document DE 20 2008 014 886 U1 a robot effector is
known for installing mechanical fasteners, namely in particular rivets.
The robot effector is provided with a frame that is attached to the hand
of an industrial robot. On the frame an installation mechanism is
arranged that can be provided with a supply magazine for different

mechanical fasteners.
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In view of the above, it would be useful to provide an improved gripping device for
mechanical fasteners that offers a secure, reliable and precise gripping of such mechanical
fasteners and which preterably also offers additional flexibility in the orientation and
processing of a gripped mechanical fastener. It would be further useful to provide such a
eripping device in connection with a robot effector for installing mechanical fasteners, to
reliably and precisely grip and move mechanical fasteners from one processing station of the

effector to another.

II1. Summary of the invention

According to one aspect of the present invention, an object is to provide a robot end effector
for installing mechanical fasteners, the robot end effector comprising:
a frame;
a gripping device supported on the frame, the gripping device comprising:
a housing; and
a pair of jaws arranged on a holder, which pair is adapted to grip a mechanical
fastener therebetween,
wherein the holder is arranged rotatable inside of the housing, and
wherein the jaws are shaped to allow a self-centering of a gripped mechanical
fastener,
wherein each jaw 1s pivotally arranged on a free end of a lever arm, and

wherein the lever arms are pivotally supported by the holder,

the end effector further comprising:

a feeder mechanism supported on the frame for feeding mechanical fasteners to the
gripping device,

wherein the gripping device 1s arranged rotatable on the frame to move between a
first position, where the gripping device grips a mechanical fastener from the feeder
mechanism and a second position, where the gripping device provides a gripped mechanical

fastener to an installation mechanism.

CA 2970017 2018-11-14
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Other possible aspect(s), object(s), embodiment(s), variant(s) and/or advantage(s) of the

present invention, all being preferred and/or optional, are briefly summarized hereinbelow.

For example, according to another aspect of the present invention, there is provided a
gripping device for mechanical fasteners, such as rivets, screws, bolts and similar is
provided, which comprises a housing and a pair of jaws (i.e. at least two jaws, of which at
least one is movable relative to the other) adapted to grip a mechanical faster. The pair of
jaws is arranged on a holder and the holder in turn is arranged rotatable inside of the
housing. Thereby, it is possible 1o rotate a once gripped mechanical fastener, preferably by
360°, In order to bring the fastener into a desired orientation or for example to apply a
suitable additive, such as glue or sealing material, onto the gripped fastener, by rotating the
fastener adjacent to a suitable supply mechanism of such additives. The jaws are further
shaped to allow a self-centering of a gripped mechanical fastener. Such a self-centering can
for example and preferably be achieved by providing at least one of the jaws with a concave
gripping surface, and in particular a V- or U-shaped gripping surface. Thereby, once the jaws
grip a fastener, for example out from a supply magazine, the gripped fastener is

automatically moved to the

CA 2970017 2018-11-14
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deepest location of the concave gripping surface, whereby it can be
automatically centered in a desired position or orientation. Preferably,
both jaws move relative to each and are mechanically coupled such that
both always move for the same distance. This has the advantageous
effect that a gripped fastener is not only centered in relation to one axis,
as e.g. the horizontal axis, but also in relation to another axis, that is
preferably perpendicular to the one axis. Thereby, it is possible to align
the fasteners such that the center or middle axis of each fastener is
always at a predefined and desired position, irrespective of the diameter

of the fastener.

Generally preferred, each jaw is arranged on a free end of a lever arm,
which in turn is supported pivotably by the holder. The jaw can be an
integral part of the lever arm but it is preferably likewise mounted
pivotable to the end of the lever arm, such that upon movement of the
lever arm the jaw can be guided in e.g. a linear and straight direction.
The lever arms are preferably supported such that during a pivot
movement of the lever arms, the free ends of the lever arms move
towards and/or away from each other. Since the jaws are provided on the

free ends, this leads to a gripping movement of the jaws.

Preferably, the actuating of the jaws is achieved by means of an actuating
piston that is arranged to be linearly moveable with respect to the jaws.
To this end, preferably, at least one of the lever arms comprises an
actuating projection that is offset from the pivot axis of the lever and the
actuating piston on its linear movement comes into contact and interacts
with said actuating projection, whereby the lever arm is rotated around

its pivot axis. The actuating piston is preferably actuated pneumatically.

Preferably, the gripping device is part of a robot ettector for installing
mechanical fasteners, such as rivets, screws, bolts and similar. To this
end, the device is mounted on a frame of the robot effector and

preferably in such a way that the device 1s moveable. Thereby, it is for

example possible to move the device from a feeder mechanism or a

PCT/EP2015/080260
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supply magazine of mechanical fasters to another processing station of
the effector, such as an installation mechanism. The gripping device
erips e.g. one fastener from the feeding mechanism or supply magazine
and moves the gripped fastener to the installation mechanism, where 1t
is put by the gripping device in a suitable reception member. The
installation mechanism is preferably part of the same larger robot
effector. The installation mechanism then installs the provided fastener
as desired. In order to achieve a high flexibility, it is preferred that in
such an arrangement the gripping device is arranged linearly moveable

on the frame as well as rotatably moveable.

Preferably, the holder is mounted inside of the housing and can be
rotated relative to the housing by means of a tooth wheel, that is for
example driven by corresponding drive wheels. The housing does
comprise a bearing structure to receive the holder rotatably therein.
When the tooth wheel is rotated, the holder rotates with the tooth wheel,
whereby also the jaws are rotated, since they are arranged on the holder.
Due to this rotation, it is possible to rotate a gripped fastener, as for
example a rivet. Thereby, it 1s e.g. possible to move a gripped fastener for
example to a glue or sealant supply station and to rotate the gripped
fastener at the supply station, so that it can be fully covered by for
example glue or sealant or similar. Each jaw is preferably provided at a
respective free end of a pair of lever arms. The lever arms are supported
pivotably in or at the holder by means of pivot pins that are arranged in
bearings provided in the holder. When the lever arms are pivoted, the
jaws are opened, respectively closed depending on the direction of
rotation. Since the lever arms have both a defined pivoting axis, the pivot
movement of the lever arms is structurally preset or predetermined. The
actuating of the lever arms, i.e. the movement of the jaws, is etfected
preferably by means of an actuating piston. The actuating piston runs
preferably through the holder and is arranged linearly moveable therein
in a direction that is perpendicular to the rotation direction of the
holder. It comprises an interacting means, e.g. in form of a piston pin,

that interacts with actuating projections provided on the lever arms.

PCT/EP2015/080260
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Each actuating projection is offset from the pivot axis of its lever and
when the actuating piston is moved back and forth linearly inside of the
holder, the interacting means engages the actuating projections, whereby
the lever arms 30 and 31 are pivoted around the respective pivot pins.
Thus, the movement of the two lever arms, and thereby of the two jaws,
1s mechanically coupled, so that the amount of rotation of each lever arm
for a given movement of the actuating piston is precisely preset. This
allows a predetermined and exact relative movement of the two levers
(and thus the two jaws) relative to each other, so that when the jaws are
closed they center any gripped fastener therebetween in a reliable and

exactly defined position.

[V:  Description of the preferred embodiments

In the following, the invention is described exemplarily with reference to

the enclosed figures, in which:

Fig. 1a and 1b show schematic, 3-dimensional drawings of a robot

effector comprising a gripping device in accordance with the invention;

Fig. 2 shows a gripping device in accordance with the invention in an

exploded, 3-dimensional view;

Fig. 3 shows the device of Fig. 2 in a schematic, partially cut 3-

dimensional view in assembled condition;

Figs. 4a - ¢ show different cut-views of the device of Figs. 2 and 3;

Figs. 5a and b show a front view of the jaws of the gripping device, and.

Fig. 6 shows schematically an industrial robot equipped with the effector

of Figs. 1a and 1b.

PCT/EP2015/080260
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In Fig. 1a a robot effector 100 for installing mechanical fasteners, in the
shown case of rivets, i1s shown in a 3-dimensional schematic view. The
effector 100 forms part of a larger end effector (not shown) for an
industrial robot, which larger end effector can e.g. comprises further
installation tools, measurement tools etc. The robot effector comprises a
frame 101, that supports a number of work stations necessary for an
automatic installation of rivets. The frame 101 comprises a fixing plate
105, which is in use attached to e.g. the larger end effector or the hand of
an industrial robot, similar as shown in the figures of the DE 20 2008
014886 U1 discussed above. The frame 101 carries a feeder mechanism
110 for feeding mechanical fasteners. In the shown configuration, three
feed lines 102, 103, 104 are provided, through which rivets of different
sizes can be transported from a magazine by means of air to the feeder
mechanism 110. The feeder mechanism 110 comprises three outlets 111,
112, 113 to provide/present the differently sized rivets. The outlets hold
and present the rivets in a desired orientation, such that they can be
srabbed by the gripping device 1. The gripping device 1 1s likewise
mounted on frame 101 and arranged thereon, such that it is rotatable
around an axis of rotation 120. Thereby, the gripping device 1 can be
rotated to different stations of the effector 100, such as for example to
the three different outlets of the feeder mechanism 110. To this end, the
three outlets 111, 112 and 113 are arranged on the radius that the gripping

device 100 follows, when rotating around axis 120.

In the shown embodiment, additionally a supply station 130 for
additives is provided. The supply station 130 can for example provide
glue or sealant fluid to the rivets grabbed by gripping device 1. In
practice, the gripping device 1 first rotates until its jaws are aligned with
one of the outlets. There, the gripping device is moved linearly towards
the outlet, until the jaws of the gripping device can grip one of the
supplied rivets. Once gripped, the gripping device 1 is again moved
linearly away from the feeder mechanism 110 and then rotated, until the
eripped rivet is at the supply station 130. As it will be explained in more

detail below, at the supply station the gripped rivet is for example

PCT/EP2015/080260
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provided with a sealant material. Afterwards, the gripping device 1 is
again rotated into the position shown in Fig. 1a, where the rivet is for
example provided to further installation tools that may be provided on

the same larger end effector as mentioned above.

Fig. 1b shows the device of Fig. 1a in a 180° rotated view. The robot
effector 100 additionally comprises a slide 121 for linear movement of
the gripping device 1. Thus, the slide 121 can move the device 1 back and
forth, such as for example towards the outlets of the feeder mechanism
110 and away therefrom. Reference number 106 denotes electronic

controllers of the effector 100.

Fig. 2 shows a schematic, 3-dimensional exploded view of the gripping
device 1, however, without the housing, to allow a view of the interior
parts thereof. The housing 10 is shown in the partially cut 3-dimensional
schematic view of Fig. 3, wherein the device of Fig. 2 is shown in
assembled condition. Turning back to Fig. 2, one can see a holder 40,
having a cylindrical, hollow shape. The holder is arranged rotatable
inside of the housing 10, as will be explained below with reference to Fig.
3. Further, the device comprises a pair of jaws 20, 21, that are mounted
to the holder 40 via a corresponding pair of lever arms 30 and 31. Each
lever arm comprises a free end 32, 33 onto which the jaws 20, 21 are
pivotably arranged. Further, a tooth wheel 42 is provided, that is fixedly
attached to the holder 40 by means of screws. The holder 40 is rotated
via the tooth wheel 42, which in turn is actuated by means of drive
wheels 45, 46, which engage the tooth wheel 42. The drive wheels are
shown in Fig. 3. Still further, a stop member 23 is provided, which serves
the purpose to prevent that gripped fasteners do extend to the actuating
portion of the lever arms, so that the movement thereof is not hindered

by any gripped fasteners.

Turning back to the lever arms, each lever arm 30, 31 is supported
pivotably by the holder 40 via pivot pins 38, 39 that are arranged in

bearings 43. The skilled person will recognize from the illustration of

PCT/EP2015/080260
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Fig. 2, that the pivot axes of the two lever arms are parallel but are not
identical but rather offset at a certain distance from each other. Thus, the
two pivot axes of lever arms 30 and 31 define a plane that is
perpendicular to the axis of rotation of holder 40. The actuating of the
lever arms, i.e. the movement of jaws 20 and 21, is effected by means of
an actuating piston 50. The actuating piston 50 runs through the hollow
holder 40 and is arranged linearly moveable therein. It comprises a
piston pin 51, which interacts with actuating projections 36 and 37
provided on the lever arms. Each actuating projection is offset from the
pivot axis of its lever and when the actuating piston 50 is moved back
and forth linearly inside of holder 40, the piston pin 51 engages the
actuating projections 36, 37, whereby the lever arms 30 and 31 are

pivoted around the respective pivot pins 38, 39.

The device comprises further a cover 60 and a pneumatic connector 62,
by means of which pressurized air is supplied in the space behind
actuating piston 50, i.e. in the space between cover 60 and actuating
piston 50. Thereby, the actuating piston 50 can be moved to the right in
Fig. 2. Sealing rings 61 are provided to prevent pressurized air from
escaping the housing. A number of return springs 41 push the piston

back, once the pressurized air supply is switched off.

In Fig. 3, the device shown in exploded view in Fig. 2 is shown in
assembled condition. One can see how the holder 40 is mounted inside
of housing 10. The holder 40 is arranged rotatable in housing 10, by
means of the tooth wheel 42, which is driven by drive wheels 45 and 46.
When the holder 40 is rotated, also the levers 30, 31 and thereby the
jaws 20 and 21 are rotated, whereas the cover 60 remains fixed to
housing 10. Due to this rotation, it is possible to rotate a gripped
fastener, as for example a rivet 80, as shown in Fig. 3. Thereby, it is
possible to move a gripped rivet to the supply station 130 and to rotate
rivet 80 at the supply station 130, so that it can be fully covered by for
example glue or sealant or similar. The actuating piston 50 can only be

moved in one direction by means of the pressurized air. The return

PCT/EP2015/080260
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stroke of piston 50 is effected by means of return springs 41. The return
springs 41 hereby are supported by a baseplate of the piston 50 and
directly or indirectly by the holder 40. As Fig. 3 shows a sectional view,
also the holder 40 and the tooth wheel 42 are shown 1n section and
therefore, the springs 41 in Fig. 3 have with one side no connection to a
part of the gripping device 1. Directly or indirectly can mean, that the
return springs 41 can be supported by a surface of the holder 40 itself or
by another element, that is connected/ to or with the holder 40, for
example the tooth wheel 42, which is screwed to the holder 40.
Furthermore, in Fig. 2 and 3 six return springs 41 are shown. However, it
is also possible to use more or less return springs 41, especially, two,

four, six or eight return springs 41.

In Fig. 3, one can further see, how jaws 20 and 21 are mounted pivotable

to the free ends 32 respectively 33 of the lever arms.

Fig. 4a shows a partially cut 3-dimensional view, similar to that of Fig. 3,
however with a much larger rivet 81 gripped between the jaws 20 and 21.
As one can take from the cut views of Figs. 4a and b, the actuating piston
50 can be moved forward, i.e. to the right in the figures when pressurized
air is supplied via connector 62 into the space between cover 60 and
piston 50. When piston 50 moves to the right in Fig. 4a, the piston pin 51
interacts with the actuating projection 37 (and actuating projection 36,
which is however not visible in Figs. 4a and b), such that lever arm 31 is
rotated anticlockwise around its pivot axis 35. In the shown orientation
of Fig. 4a, the lever arm 30 is accordingly rotated clockwise. This has the
etfect that the jaws 20 and 21 open. A closing of jaws 20 and 21 is
accordingly achieved by means of the return springs 41. However, the
skilled person will recognize, that depending on the chosen geometry
this mechanism could likewise be inversed, such that the jaws 20, 21
close upon supplying pressurized air, and that they open due to the
return springs 41. The number of return springs 41 hereby depends on
the force that has to or shall be applied on the fasteners and/or jaws 20

and 21 for closing or opening. In the detailed view of Fig. 4a, one can

PCT/EP2015/080260
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further see where the axis of rotation 120 of the gripping device 130 is in
respect to the robot effector 100. Further, one can see a supply line 131
for supplying an additive, such as a sealant to the supply station 130 in
order to provide the rivet 81 with a suitable additive. The gripping device
11s arranged linearly movable parallel to the axis of rotation 120 of
eripping device 1 by means of slide 121, so that for example the rivet 81
can be moved back and forth in station 130, in order to provide a larger

surface area of rivet 81 with the desired additive.

Fig. 4b shows basically the same elements as Fig. 4a, however, in a cut

side view.

Fig. 4c shows the same arrangement as Fig. 4b, however with a much
smaller rivet 82 gripped by jaws 20 and 21. One can see that piston 50 is
moved back almost into contact with the inner surface of cap 60 by
means of the return springs 41. Upon pressurizing, the piston 50 will
move to the right in Fig. 4¢, whereby the upper lever 31 is rotated
anticlockwise and the lower lever 30 clockwise so that the jaws opened.
The skilled person will understand that the expressions left, right, upper,
clockwise etc. used in this description are only with reference to the
orientation shown in the figures and that in practice the whole effector
can be arranged in any spatial orientation as it is attached to an

industrial robot.

Figs. 5a and b show a frontal detail view of jaws 20 and 21. One can see

how the jaws are arranged with respect to the tooth wheel 42, and that

the jaws will rotate together with the tooth wheel 42 and the holder 4o0.
The jaw 20 comprises a particular gripping surface, namely a concave
respectively V-shaped gripping surface 22 to provide a self-centering
feature. The gripping surface of jaw 21 in turn is straight, i.e. jaw 21 has a
straight gripping surface 24. However, alternatively, also jaw 21 could be
provided with a similar concave gripping surface. The skilled person will

recognize that when a rivet is inserted between the two jaws, and the

jaws are closed, the V-shaped gripping surface 22 will automatically
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center the rivet. Further, due to the symmetrical arrangement of the
levers that move the jaws, both jaws 20 and 21 will always close
simultaneously and to the same extent, so that any rivet will not only be
centered 1n a horizontal direction, but also in a vertical direction, 1.e. any
cylindrical mechanical fastener when gripped with the inventive gripping
device will automatically and advantageously exactly align in center 25 of

jaws 20 and 21.

In Fig. 6, for illustrative purposes, an industrial robot 200 is shown, that
is equipped with the effector 100 (the effector 100 is only sketched). The
skilled person will realize that the effector 100 can be part of a larger
effector that may comprise additional installation means, such as drilling

devices, measurement facilities, rivet installation tools etc.

Reference signs:

1 Gripping device

10 Housing

20, 21 Jaws

29 V-shaped gripping surface
23 Stop member

24 Straight gripping surface
25 Center

30, 31 Lever arm

32, 33 Free end of lever arm

34, 35 Pivot axis of lever arm

36, 37 Actuating projection of lever arm
38, 390 Pivot pin of lever arm

40 Holder

41 Return springs

42 Tooth wheel

45, 46 Drive wheels

50 Actuating piston

51 Piston pin
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60

61

62

80, 81, 82
100

101

102, 103, 104
105

106

110

111, 112, 113
120

121

130

131

200
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Bearing

Cover

Sealing ring
Pneumatic connector
Rivets

Robot effector
Frame

Feed lines

Fixing plate of frame
Controllers

Feeder mechanism

Outlets of feeder mechanism

Axis of rotation of gripping device

Slide for linear movement of gripping device

Supply station for additives
Supply line for additives

Industrial robot

PCT/EP2015/080260



10

15

20

20

30

13

CLAIMS:

1. A robot end etfector (100) for installing mechanical fasteners, the robot end effector
(100) comprising:
a frame (101);
a gripping device supported on the frame, the gripping device comprising:
a housing (10); and
a pair of jaws (20, 21) arranged on a holder (40), which pair is adapted to grip
a mechanical fastener therebetween,
wherein the holder (40) 1s arranged rotatable inside of the housing, and
wherein the jaws (20, 21) are shaped to allow a self-centering of a gripped
mechanical fastener,
wherein each jaw (20, 21) 1s pivotally arranged on a free end (32, 33) of a lever
arm (30, 31), and wherein the lever arms (30, 31) are pivotally supported by the holder (40),
the end effector (100) further comprising:
a teeder mechanism (110) supported on the frame (101) for feeding mechanical
fasteners to the gripping device (1),
wherein the gripping device (1) is arranged rotatable on the frame (101) to move
between a first position, where the gripping device (1) grips a mechanical fastener from the
feeder mechanism (110) and a second position, where the gripping device (1) provides a

gripped mechanical fastener to an installation mechanism.

2. The robot end effector (100) of claim 1, wherein the gripping device (1) is arranged

linearly movable on the frame (101).

3. The robot end effector (100) of claim 1 or 2, wherein the at least one of the jaws (20)

of the gripping device has a concave gripping surface to allow the self-centering.

4. The robot end eftector (100) of claim 2, wherein the concave gripping surface is a V-

or U-shaped gripping surtace (22).
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5. The robot end effector (100) of any one of claims 1 to 4, wherein the lever arms (30,
31) of the gripping device (1) are supported such that during a pivot movement of the lever
arms (30, 31), the free ends (32, 33) of the lever arms move towards or away from each

other.

6. The robot end eftector (100) of any one of claims 1 to 5, wherein the pivot axes (34,

35) of the two lever arms (30, 31) of the gripping device are parallel.

7. The robot end eftector (100) of any one of claims 1 to 6, wherein the pivot axes (34,
35) of the two lever arms of the gripping device (1) are not identical and define a plane that is

perpendicular to the axis of rotation of the holder (40).

8. The robot end effector (100) of any one of claims 1 to 7, wherein the gripping device

further comprises an actuating piston (50) that actuates the lever arms (30, 31).

9. The robot end effector (100) of claim 8, wherein at least one of the lever arms (30, 31)

of the gripping device comprises an actuating projection (36, 37) that is offset from the pivot

the holder (40) and i1s adapted to interact with said actuating projection (36, 37), and

wherein the actuating piston 1s arranged such that it rotates with the holder.

10. The robot end effector (100) of any one of claims 1 to 9, wherein the jaws (20, 21) of

the gripping device (1) are actuated pneumatically.

11. The robot end effector (100) of any one of claims 1 to 10, wherein the holder (40) of

the gripping device (1) has a cylindrical hollow shape.

12, A robot (200) comprising a robot effector (100) in accordance with any one of claims

110 11.
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