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INFLATABLE GRIPPING DEVICE

[001] The invention relates to the field of robotics, and more specifically the field known

as collaborative robotics.

[002] In the present invention, “robot” means a device for holding a load, which could be
a tool, a product being manufactured, a product being used to manufacture another product,

etc.

[003] Unlike a non-collaborative industrial robot that operates alone and is usually
installed behind protective grilles, a collaborative robot is installed in the same work station
as an operator and is used to perform different tasks close to the operator. Moreover, it is not
usually necessary to place protective grilles between the operator and the collaborative

robot.

[004] For example, a collaborative robot can be used to help an operator to handle loads
repetitively, to perform tasks that are tiring and/or liable to contribute to the development of

different musculoskeletal ailments.

[005] Certain gripping devices cannot be positioned close to operators without generating
risks. For example, the gripping device described in application CA2870574 is not suitable
for collaborative use. Indeed, the structure of this gripping device is an elongate metal

section that could seriously injure an operator in the event of a collision.

[006] Furthermore, solutions have been developed to enable robots to work close to

operators without grilles or any other protective element being interposed.

[007] For example, application EP1810795 describes a safety device that is designed to
be arranged about the arm of a handling device and that includes means for detecting a

collision with an operator.

[008] According to a first drawback, the safety device described in application
EP1810795 does not entirely eliminate the risk of injury in the event of a collision since the
rigid metal structure of the arm of the handling device is always present beneath the safety

device.

[009] According to another drawback, although the safety device described in application
EP1810795 partially protects an operator from a collision with the arm of the handling device,

such device does not appear to be suitable for protecting an operator from a collision with a
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gripping device such as the one described in application CA2870574, for example.

[010] Utility model DE202005002475 describes a safety device in the form of an
envelope that is designed to be positioned on the structure of a robot, the envelope being
made of a foam that is designed to absorb the energy of a collision with an operator and
being fitted with tactile and capacitive sensors that are designed to detect the collision with
an operator in order to quickly stop the movements of the robot. This safety device has the

same drawbacks as the safety device described in application EP1810795.

[011] The present invention is intended to overcome at least one of the drawbacks of the

devices described in the prior art documents.

[012] For this purpose, the invention relates to a gripping device for gripping an object,
the gripping device having at least one gripping element for gripping the object, a connection
base to an automated handling device such as a robotic arm, and at least one structural
element that bears each gripping element and that is attached to the connection base or to

another structural element.

[013] According to the invention, the gripping device is characterized in that each

structural element is a bladder that is inflated with at least one gas.

[014] According to a first advantage, a bladder inflated with gas is a deformable
pneumatic element. Consequently, the gripping device according to the invention has an
advantageous structure that limits the injuries caused to a nearby operator in the event of a

collision.

[015] However, when inflated to a suitable pressure, the bladder can provide sufficient
rigidity to the structural element to enable the element to hold objects with satisfactory
precision. By way of comparison, a structural element comprising a sufficiently inflated
bladder can be as rigid as a structural element comprising a deformable member made of

foam or a framework or a rigid core in the form of a metal section, for example.

[016] According to another advantage, the pneumatic structure of the gripping device is
very lightweight because same is made of one or more inflated bladders. Notably, this
pneumatic structure is lighter than a structure formed by one or more members made of
foam stiffened by a framework or a rigid core. This low mass of the pneumatic structure
makes it possible to use robotic arms with actuators that are less powerful and therefore less
dangerous and expensive. However, most significantly, the low mass of the pneumatic

structure affords to it a low inertia, which reduces the violence of the impact with an operator
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and facilitates a rapid stopping of the movements of the gripping device when a collision is
detected. In parallel, the low inertia of the pneumatic structure also makes it possible to
comply with standards limiting the maximum permissible energy levels on different portions

of the member in the event of contact with an operator.

[017] According to another inherent advantage of the pneumatic structure, the gripping
device can adapt to the surface of the object being handled by deforming slightly, such as
when the upper surface of the object to be conveyed is not perfectly flat. It should be noted
that this ability to deform is a departure from the normal practice in the field of robotics, which

is normally focused on ensuring that movements and positions are as precise as possible.

[018] Finally, the pneumatic structure of the gripping device according to the invention
makes same perfectly suited to performing collaborative tasks close to one or more

operators, without a protective grille.

[019] In a particularly advantageous application, the gripping device according to the
invention is used to collaboratively automate the turning of a ply used in the assembly of a
tyre blank close to an operator. Indeed, until now, plies were turned manually and this could
be tiring or even traumatic for operators, more because of the repetitive nature of the task
and the amplitude of the movement than the mass of the plies, which weigh just a few
hundred grams. For the purpose of such automation, the gripping device is associated with a
handling device such as a robotic arm and two tables (incoming and reception) for the plies
to form a turning device for a ply. Advantageously, the collaborative aspect of this turning
device can be achieved thanks to the non-hazardousness of the structural element or

elements of the gripping device according to the invention.

[020] Other characteristics and advantages of the invention are set out in the description
below. This description is provided as a non-limiting example and refers to the attached

drawings, in which:

- Figure 1 is a perspective view of a first variant of a gripping device according to the

invention,

- Figure 2 is a perspective view of a first variant of a gripping device according to the

invention, mounted on a robotic arm,

- Figure 3 is a perspective view of a second variant of a gripping device according to the

invention,

- Figure 4 is a perspective view of a third variant of a gripping device according to the
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invention,

- Figure 5 is a perspective view of a turning device for turning a ply according to the

invention, and

- Figure 6A to 6D illustrate the turning of a ply using a ply turning device according to the

invention.

[021] As shown in Figures 1 and 2, the invention relates to a gripping device 10 for
gripping an object. As shown in Figures 5 and 6A to 6D, in a particularly advantageous
application, this object can be a ply N that is made of a rubber compound and that is

intended for the assembly of a tyre blank for a vehicle wheel.

[022] In order to convey an object or any other load from one position to another, the
gripping device 10 has at least one gripping element 12 for gripping the object. This gripping
element 12 may take various different forms, and for the conveyance of a ply N intended for
the assembly of a tyre blank, the gripping element 12 is preferably a suction pad 14. A
suction pad 14 has a deformable soft membrane 16 that is designed to be pressed against

the object to be conveyed then placed under suction to adhere to the object to be conveyed.

[023] In order to convey an object or any other load from one position to another, the
gripping device 10 has a connection base 18 connected to an automated handling device 20,
for example a robotic arm such as the one illustrated in Figure 2. Such a handling device 20
is able to move the gripping device 10, and therefore the object or the load being conveyed,
at least about and/or along a handling axis, and preferably about and/or along several

handling axes.

[024] In the example shown in Figure 2, the handling device 20 has a lower arm 22, an
upper arm 24 and a base 26. The lower arm 22 is articulated in relation to the base 26, the
upper arm 24 is articulated in relation to the lower arm 22, and the gripping device 10 is

articulated in relation to the upper arm 24.

[025] In greater detail, the lower arm 22 is articulated in rotation in relation to the base 26
about a vertical axis AV and about a horizontal axis AH, the upper arm 24 is articulated in
rotation in relation to the lower arm 22 about an intermediate axis Al, and the gripping device
10 is articulated in rotation in relation to the upper arm 24 about three axes A1, A2, A3 that
are perpendicular with one another. Preferably, an electric motor 28 drives the lower arm 22
in rotation in relation to the base 26 and about the vertical axis AV and another electric motor

30 drives the lower arm 22 in rotation in relation to the base 26 and about the horizontal axis
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AH. Subsequently, another electric motor 32 drives the upper arm 24 in rotation in relation to
the lower arm 22 about the intermediate axis Al. Finally, three other electric motors 34, 36,
38 drive the gripping device 10 in rotation in relation to the upper arm 24 about the three

perpendicular axes A1, A2 and A3 respectively.

[026] In this layout, the handling device 20 provides a six-axis architecture referred to as
being anthropomorphic. Naturally, depending on the intended use of the gripping device 10
and the arrangement of the work station, the handling device 20 may be based on a different

architecture with more or fewer axes of mobility.

[027] In order to bear each gripping element 12, the gripping device 10 has at least one
structural element 40. In the different variants of the gripping device 10, at least one

structural element 40 is attached to the connection base 18.

[028] In a first variant shown in Figures 1 and 2, the gripping device 10 has a single

structural element 40 attached to a connection base 18 in the form of an attachment plate 42.

[029] In a second variant shown in Figure 3, the gripping device 10 has two structural
elements 40 attached to a connection base 18 in the form of an attachment frame 44.
Preferably, the two structural elements 40 extend parallel to one another to enable the

gripping device 10 to handle larger objects, in particular wider plies N.

[030] Finally, in a third variant shown in Figure 4, the gripping device 10 has a main
structural element 40’ attached to a connection base 18 in the form of an attachment plate
42, and a plurality of secondary structural elements 40" attached to the main structural
element 40°. Again in order to enable the gripping device 10 to handle larger objects, the

secondary structural elements 40” extend perpendicular to the main structural element 40°.

[031] In order to make the gripping device 10 as safe as possible, each structural
element 40 is a bladder 50 that is inflated with at least one gas. A bladder 50 can be inflated

with air or with a specific gas, such as a gas that is lighter than air.

[032] Advantageously in terms of the safety of the operator working close to the gripping
device 10 and the robotic arm thereof, the rigidity of the bladder 50 is achieved exclusively by
the pressure of the air or of the gas contained inside the bladder 50, i.e. without the use of a

framework, a core and/or any rigid reinforcements.

[033] For example, the pressure of the air or of the gas inside a bladder 50 is around 0.2
to 0.4 bars. This low pressure is sufficient to convey objects or loads weighing up to 5 kg and

prevents the bladder 50 from being too rigid and therefore dangerous in the event of a
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collision with an operator.

[034] In order to contain the air or the gas in an airtight manner, the bladder is
preferably made of polyvinyl chloride (PVC) with a mass per unit area of 850 g/m2 This
material also has the advantage of deforming, which enables same both to withstand any
collisions with another object and to prevent injury being caused to an operator in the event

of a collision.

[035] Again in order to maximize the safety of the operator working close to the gripping
device 10, a bladder 50 has rounded ends 52, 54. In the invention, “rounded” means

substantially hemispherical ends 52, 54.

[036] With the same objective and to facilitate production of a bladder 50, each bladder

50 is cylindrical.

[037] In order to handle objects extending lengthwise over several tens of centimetres,
such as plies N used in the assembly of tyre blanks, each bladder 50 is elongate. Thus, a

bladder 50 bears several gripping elements 12.

[038] In order to handle objects extending lengthwise and widthwise over several tens of
centimetres, such as plies N used in the assembly of tyre blanks, each bladder 50 is

elongate.

[039] The first variant of the gripping device 10 having a single elongate bladder 50 is
perfectly suited where the object to be conveyed extends only lengthwise or where the object
to be conveyed extends both lengthwise and widthwise but need only be gripped on one of

the edges thereof (longitudinal or transverse).

[040] The second and third variants of the gripping device 10 including several parallel
bladders 50 are more suitable where the object to be conveyed extends both lengthwise and

widthwise and the object needs to be gripped both lengthwise and widthwise.

[041] In the different variants of the gripping device 10, flexible collars 56 are used to
attach a bladder 50 to the connection base 18 or to attach two bladders 50 to one another.
These flexible collars 56 are also used to attach the gripping elements 12 to a bladder 50.

These flexible collars 56 may be made of metal, fabric or plastic.

[042] In order to simplify the installation and use of the gripping device 10 at an industrial
site, the gripping device 10 carries a device 60 for creating a vacuum using a source of

compressed air. Advantageously, the compressed air is supplied to the device 60 by the



10

15

20

25

30

WO 2018/069064 7 PCT/EP2017/074754

compressed-air circuit 62 usually present at industrial sites. This device 60 is designed to be
connected to each of the suction pads 14 to enable same to adhere to the object to be
conveyed. Preferably, this device 60 is borne by the plate 42 or the frame 44 of the
connection base 18. By way of example, in being supplied with air or gas at a pressure of 6

bar, the device 60 enables the creation of suction of 0.2 to 0.5 bar.

[043] In addition to the non-hazardousness of the structural elements 40, 40’, 407, the
handling device 20 and/or the gripping device 10 may be fitted with means designed to
detect, and potentially to anticipate, an impact or collision of an object or an operator with the
handling device 20 and/or with the gripping device 10 to stop the movement of the handling

device 20 and of the gripping device 10 as quickly as possible.

[044] First of all, the handling device 20 can be fitted with means for measuring the force
supplied by the actuator or actuators of same, for example the torque supplied by the electric
motors 28, 30, 32, 34, 36, 38, that are also able to detect a sudden variation in this force,

corresponding to an impact or a collision.

[045] Subsequently, the handling device 20 and/or preferably the gripping device 10 can
be fitted with means for detecting a collision with an object or an operator. These detection
means are preferably capacitive proximity sensors designed to detect non-metal objects, and

therefore an operator.

[046] Thus, at least one capacitive proximity sensor 90 is arranged on a structural
element 40, 40’, 40” in the form of a bladder 50. However, preferably and as shown in Figure
1, a network of several capacitive proximity sensors 90 is installed on the structural element

or elements 40, 40°, 40” of the gripping device 10.

[047] Advantageously, where the capacitive proximity sensors 90 are arranged on a
structural element 40, 40°, 40” that is a bladder 50 inflated using air or gas, the operation of
same, and in particular the detection range of same, is improved. Indeed, in this position, the
sensors are sufficiently removed from any metal masses, electrical connection and electrical
devices, such as a motor of the handling device 20 that is liable to disturb operation of same,

and more specifically the electrical field emitted by same.

[048] As shown in Figures 5 and 6A to 6D, the invention also relates to a turning device
70 for turning a ply N that is made of a rubber compound and that is intended for the
assembly of a tyre blank for a vehicle wheel. This turning device 70 is designed to work

collaboratively in the vicinity of an operator O.
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[049] In the invention, “ply” N means a thin, substantially rectangular object that is made
of a raw rubber mix, i.e. not cross-linked, that can incorporate reinforcements that are
arranged parallel to one another and that are oriented lengthwise or widthwise in the ply, or
inclined at a given angle to the transverse and longitudinal directions of the ply. For example,
a ply N is approximately 1 mm thick, several tens of centimetres wide, and longer than it is

wide.
[050] Moreover, such a ply N essentially has a lower face Fl and an upper face FS.

[051] In order to perform the turning, the turning device 70 has a first incoming table 72
for a ply N to be turned, a second reception table 74 for a ply N that has been turned, and a
handling device 20 designed to automatically convey a ply N from the incoming table to the

reception table using a gripping device 10.

[052] Advantageously, with the ply N lying on the lower face FI thereof on the incoming
table 72, the reception table 74 is higher than the incoming table in order to form a step 76 to
enable the turning device 70 to rapidly turn the ply N as same is being conveyed from the
incoming table 72 to the reception table 74. Once conveyed, the turned ply N is resting on

the upper face FS thereof on the reception table 74.

[053] More specifically, the step 76 forms a linear stop against which the ply N butts, to

facilitate the turning thereof.

[054] The step 76 simplifies the design of the turning device 70 by obviating the need to

use a second gripping device to grip the lower face Fl of the ply N and to turn the ply N.

[055] Preferably, in order to turn the ply N, the height H76 of the step 76 is between one
quarter and one half of the width LN of the ply N to be turned. In the case of plies intended
for the assembly of motorcar tyre blanks, the height H76 of the step 76 is approximately 25

cm.

[056] Preferably, the turning device 70 incorporates the first variant of the gripping device

10 in which a single elongate bladder 50 bears several aligned gripping elements 12.

[057] In this first variant, the gripping device 10 enables one edge B of the ply N that is to
be turned to be gripped. The edge B gripped is preferably a longitudinal edge BL since
turning the ply N using the step 76 must be carried out by means of a movement of the ply N
that is principally performed in a horizontal direction DH parallel to the transverse direction of

the ply N.
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[058] On account of the length of a ply N, the gripping device 10 of the turning device 70
preferably includes a plurality of gripping elements 12 for gripping a ply.

[059] Moreover, given that the objective is to grip the ply only by one of the edges B

thereof, the gripping elements 12 of the turning device 70 are aligned.

[060] On account of the low mass of a ply and to limit the energy consumed when
turning, each gripping element 12 of the turning device 70 makes it possible to grip the ply to

be turned locally, i.e. over a surface area of several square centimetres.

[061] Preferably, each gripping element 12 of the turning device 70 is a suction pad 14,
the suction pads 14 having the advantage of not piercing or damaging the surface condition

of the plies N being conveyed.

[062] Also preferably, the turning device 70 includes an inclined section 78 between the
incoming table 72 and the reception table 74. This inclined section 78, that is for example

inclined to 45°, ensures that the ply N is not damaged when being turned.

[063] As shown in Figures 6A to 6D, the handling device 20 at least makes it possible to
move the gripping device 10 in a vertical direction DV that is perpendicular to the working
planes P72 and P74 of the incoming table 72 and the reception table 74 and in a horizontal
direction DH parallel to the working planes P72 and P74 of the incoming table 72 and the

reception table 74.

[064] Also preferably, the handling device 20 also makes it possible to pivot the gripping
device 10 about a horizontal axis AH that is parallel to the working planes P72 and P74 of
the incoming table 72 and the reception table 74 and perpendicular to the vertical direction
DV that is perpendicular to the working planes P72 and P74 of the incoming table 72 and the

reception table 74.

[065] Figure 6A shows a first step of the turning in which the gripping device 10 grips a
longitudinal edge BL of the ply N with the gripping elements 12 of same, i.e. four aligned

suction pads 14 that are spaced apart from one another and provided with a vacuum.

[066] In a second step of the turning shown in Figure 6B, the handling device 20 moves
the gripping device 10 upwards in the vertical direction DV in order to lift the longitudinal

edge BL of the ply N gripped by the gripping elements 12.

[067] The turning of the ply takes place more specifically during the third step shown in
Figure 6C. For this purpose, the handling device 20 moves the gripping device 10 in the
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horizontal direction DH and from the incoming table 72 towards the reception table 74. In
parallel with this movement in the horizontal direction DH, the handling device 20 pivots the
gripping device 10 by approximately 90° about the horizontal axis AH in order to prevent the
ply N from folding about itself and in order to place the gripping device 10 in a suitable

position to release the turned ply N onto the reception table 74.

[068] In order to release the turned ply N, as shown in Figure 6D, the handling device 20
continues to move the gripping device 10 in the horizontal direction DH and from the
incoming table 72 towards the reception table 74, as well as moving the gripping device 10
downwards in the vertical direction DV in order to move the gripping device 10 and the
gripping elements 12 thereof as close as possible to the working plane P74 of the reception
table.

[069] Thanks to the turning device 70, the operator is no longer required to perform the
repetitive movements related to manual turning. Thus, the operator has more time to visually
check the lower face Fl and the upper face FS of the plies N and to perform an additional
step of joining and assembling the transverse rear edge BTR of a first ply N turned by the
turning device 70 to the transverse front edge BTF of a second ply N turned by the turning

device 70.
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CLAIMS

A gripping device (10) for gripping an object, the gripping device having at least one
gripping element (12) for gripping the object, a connection base (18) connected to an
automated handling device (20) such as a robotic arm, and at least one structural element
(40, 407) that bears each gripping element (12) and that is attached to the connection
base (18) or to another structural element (40’), the gripping device being characterized in
that each structural element (40, 40°, 407) is a bladder (50) that is inflated with at least one

gas.

. A gripping device (10) for gripping an object according to Claim 1, in which the pressure of

the air or the gas inside a bladder (50) is around 0.2 to 0.4 bars.

A gripping device (10) for gripping an object according to one of the preceding claims, in
which a bladder (50) has rounded ends (52, 54).

A gripping device (10) for gripping an object according to one of the preceding claims, in

which each bladder (50) is elongate.

A gripping device (10) for gripping an object according to one of the preceding claims, in

which each bladder (50) is cylindrical.

A gripping device (10) for gripping an object according to one of the preceding claims, in
which at least one structural element (40, 40”) bears several gripping elements (12) for

gripping an object.

A gripping device (10) for gripping an object according to one of the preceding claims, in
which at least one main structural element (40’) connected to the connection base (18)
bears at least one other secondary structural element (40”) that bears at least one

gripping element (12) for gripping an object.

A gripping device (10) for gripping an object according to one of the preceding claims, in

which a gripping element (12) is a suction pad (14).

A gripping device (10) for gripping an object according to one of the preceding claims, in
which at least one capacitive proximity sensor (90) is arranged on a structural element
(40, 407, 40”) in the form of a bladder (50).
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10. A handling device (20) for handling an object, the handling device having at least one
moveable arm (24) and being moved by an actuator (32), characterized in that a gripping
device (10) according to one of the preceding claims is linked to the moveable arm (24)

via the connection base (18) thereof.
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