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(57) ABSTRACT 
Rotatable gripping device for the transport or machining of 
an arbitrarily shaped part. 

A rotatable gripping device designed to be ?tted on a 
universal table for the transport or machining of a part 
comprises a ball joint support (16), a ball joint (18) and a 
suction cup (44) supported by the ball joint. The vacuum in 
the suction cup (44) is created by a duct (50) connected 
through a ?exible tube (54) directly to the ball joint (18)— 
suction cup (44) assembly, on the outside of the support (16). 
The resulting total angular movement of the suction cup (44) 
is thus at least 900 (+or —450°). 

44 



Patent Application Publication Jan. 10, 2002 Sheet 1 0f 2 US 2002/0003352 A1 

%//_//_///_////\/// 12 r ‘ / 
54 

’\ ‘H.’ g’ I, “I; 'i'll- "ll ‘NH’ 



Patent Application Publication Jan. 10, 2002 Sheet 2 0f 2 US 2002/0003352 A1 

44 2O 48 46 I 

\_ 1* 
52 

FIG. 2 



US 2002/0003352 A1 

ROTATABLE GRIPPING DEVICE FOR 
TRANSPORT OR MACHINING OF AN 

ARBITRARILY SHAPED PART 

TECHNICAL FIELD 

[0001] The invention relates to a rotatable gripping device 
designed for machining or transport of a part With an 
arbitrary geometry. 

[0002] In particular, this type of device can be used on a 
universal table for gripping one or several parts during 
machining or transport. In particular, it can be used for 
gripping parts With a Wide variety of geometries With 
different complexities. 

STATE OF THE ART 

[0003] As illustrated particularly in document FR-A2 700 
487, it is knoWn hoW to transport parts betWeen different 
stations in an industrial installation making use of a transport 
pallet comprising a horiZontal support plate equipped With 
an inner chamber forming a vacuum reservoir. Holes 
arranged in a regular netWork penetrate through the upper 
face of the support plate and open up into the inner chamber. 
Depending on the shape and dimensions of the parts to be 
transported, each hole contains either a gripping device With 
a suction cup, or a positioning device, or a closer. Each 
gripping device comprises a vertical column With a gripping 
suction cup ?xed at its upper end. Athree-Way valve controls 
communication betWeen each of the suction cups either With 
the atmosphere, or With the vacuum in the inner chamber of 
the support plate, through a duct formed in the column. 

[0004] Since the gripping suction cups are installed ?xed 
at the ends of the columns, this type of transport pallet can 
only contain plane parts. HoWever, parts to be machined are 
not often plane. Furthermore, the geometric shapes of these 
parts are frequently different. Therefore, the use of a pallet 
of this type requires the use of a different gripping device for 
each part. This is unacceptable in an industrial process due 
to the cost and times that Would be necessary. 

[0005] Document FR-A-2 711 123 relates to a conveyor 
manipulator used for large parts. The equipment comprises 
tWo platforms facing each other equipped With a large 
number of extendible columns ?tted at their ends With 
gripping suction cups installed on ball joints. In this instal 
lation, each ball joint is kept in contact With an open ball 
joint support ?xed to the end of the column through an 
elastic cord. The vacuum controlling gripping in each of 
these suction cups is applied to a central tube that passes 
through the corresponding column. 

[0006] This arrangement can be used to grip parts Without 
a complex geometry due to the movement of the suction 
cups that is possible due to the Way in Which they are 
installed on the ball joints. HoWever, the maximum global 
movement of each of the suction cups is limited to about 60° 
(+or —30°) Which is not nearly enough to grip parts With 
complex geometries. 
[0007] Based on a layout similar to that described in 
document FR-A-2 711 123, existing rotatable gripping 
devices cannot enable global movement of the gripping 
devices exceeding 80° (+or —40°) since the vacuum is 
supplied through a duct that passes through the column and 
the support in Which the ball joint is ?tted. 
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DESCRIPTION OF THE INVENTION 

[0008] The purpose of the invention is a rotatable gripping 
device With an innovative design of the suction cup gripping 
the part providing a global movement of at least 90° (+or 
—45°), Which enables the assembly of parts With complex 
geometries that can vary from one part to another With no 
particular adaptation. 

[0009] According to the invention, this result is obtained 
by means of a rotatable gripping device comprising a ball 
joint, an open ball joint support in Which the ball joint can 
pivot, a device forming a suction cup supported by the ball 
joint on the outside of the said ball joint support, means of 
holding the ball joint in the said ball joint support, and a ?rst 
duct passing inside the means forming the suction cup and 
comprising at least one ori?ce formed either on the ball joint 
or the means forming the suction cup, the said ori?ce being 
connected to a ?exible tube outside the ball joint support, 
and that can be connected to a vacuum source, characteriZed 
in that the means of holding the ball joint in the said ball 
joint support comprise a second duct passing through the 
ball joint support, at least one ?rst ori?ce of this second duct 
leading into the space betWeen the ball joint and the ball 
joint support. 

[0010] If the vacuum supply to the suction cup passes 
through a ?exible tube connected outside the ball joint 
instead of passing through a duct inside the column sup 
porting it, the ball joint can rotate signi?cantly further, 
usually at least 90°. The device according to the invention is 
thus adapted to gripping parts With complex geometries, 
different from one part to the next, With no particular 
adaptation. 

[0011] Preferably, the ?exible tube connects the ori?ce in 
the ?rst duct to a second ori?ce in the second duct. 

[0012] In this case, the second duct preferably comprises 
a third ori?ce that can be connected ?rstly to a compressed 
air source during a phase in Which the ball joint is auto 
matically oriented, and to the vacuum source mentioned 
above during a part gripping phase. With this arrangement, 
the part can be gripped in a preliminary phase during Which 
the ball joint is automatically oriented With respect to the 
surface facing the part in order to optimiZe the orientation 
With respect to the said surface. 

[0013] Advantageously, the center of gravity of the ball 
joint is offset in the opposite direction to the said means 
forming a suction cup, about a geometric center of the said 
ball joint. Due to this arrangement, the ball joint automati 
cally returns to a neutral horiZontal position When the 
installation is not in operation. 

[0014] Preferably, the means forming a suction cup com 
prises a deformable suction cup and a thrust ring placed 
inside the suction cup. The presence of the thrust ring causes 
a better distribution of forces created by the vacuum, Which 
prevents unWanted punching of the part to be machined. 

[0015] In practice, the ball joint support comprises a 
spherical cap shaped cavity inside Which the ball joint ?ts. 
The angle at the center of this cavity is not more than about 
90°. 

[0016] In order to give a good global distribution of the 
forces, the diameter of the deformable suction cup is advan 
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tageously approximately equal to the diameter of a circle 
delimiting the spherical cap shaped cavity. 

[0017] As mentioned above, the ball joint is advanta 
geously capable of pivoting at least 90° inside its support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] We Will noW describe a preferred embodiment of 
the invention as a non-limitative example With reference to 
the attached draWings in Which: 

[0019] —FIG. 1 is a side vieW shoWing a partial section 
diagrammatically shoWing a part of a universal table 
equipped With several rotatable gripping devices according 
to the invention; and 

[0020] —FIG. 2 is a sectional vieW illustrating one of the 
rotatable gripping devices in FIG. 1 at a larger scale. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

[0021] FIG. 1 very diagrammatically shoWs part of a 
universal table 10 intended for the transport or machining of 
parts P. 

[0022] The universal table 10 is ?tted With a number of 
rotatable gripping devices 12 installed on columns 14 on its 
upper face, in order to enable this gripping. FIG. 1 only 
shoWs tWo rotatable gripping devices 12. In practice, the 
number of gripping devices 12 located on the universal table 
10 depends largely on the siZe of this table and the number 
of parts that are to be transported. 

[0023] According to the invention and as shoWn more 
precisely in FIG. 2, each rotatable gripping device 12 
comprises an open ball joint support 16 faced at the end of 
column 14, and a ball joint 18 capable of pivoting in the ball 
joint support 16. Furthermore, each of the ball joints in the 
part outside the ball joint support 16 is ?tted With a means 
forming a suction cup 20. 

[0024] The open ball joint support 16 is in the form of a 
solid part made of several pieces. This part is ?xed to the end 
of the column 14, for example by means of a screW 22. A 
cavity 24 in the form of a spherical cap is formed on the 
upper face of the open ball joint support 16, and the ball joint 
18 is supported in this cavity by gravity. 

[0025] A duct 26 passes through the solid part forming the 
ball joint support 16. This duct 26 opens up into the cavity 
24 through one or several ori?ces 28. It also opens up onto 
the loWer face of the ball joint support 16 through an ori?ce 
30 and on the sides of this support 16 through at least one 
ori?ce 32 (tWo ori?ces in the example shoWn). 

[0026] As diagrammatically illustrated in FIG. 1, a ?rst 
end of a tube 34 is connected to the ori?ce 30. In the 
embodiment shoWn, the column 14 is extendible. The tube 
34 is then a ?exible tube, for example Wound spirally around 
column 14. The opposite end of the tube 34 may be 
connected as required either to a compressed air source 36 
or to a vacuum source 38, as shoWn diagrammatically in 
FIG. 1. 

[0027] The periphery of cavity 24 in the shape of a 
spherical cap has a circular groove in Which an 0-ring 40 is 
housed. This O-ring 40 is in leak tight contact With the 
outside surface of the ball joint 18. It thus normally isolates 
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the space betWeen the cavity 24 and the ball joint 18 into 
Which the ori?ces 28 from duct 26 lead, from the outside 
atmosphere. 

[0028] The ball joint 18 is in the form of a solid spherical 
part on Which a ?at 41 is machined in order to ?x the means 
forming a suction cup 20. More precisely, the means forming 
a suction cup 20 comprises a base 42 ?xed on the ?at 41, for 
example using a screW (not shoWn). A deformable suction 
cup 44 is ?xed on the base 42, for example by means of 
screWs 46. Furthermore, a rigid thrust ring 48 is ?xed 
coaxially inside the suction cup 44 and is ?xed to the suction 
cup, and to the base 42, by screWs 46. 

[0029] A duct 50 penetrates through the base 42, the 
suction cup 44 and the thrust ring 48, and one end of this 
duct opens up inside the suction cup 44 and the thrust ring 
48. The passage 50 also comprises at least one ori?ce 52 
(tWo in example shoWn) that opens up on the outside, on the 
base 42, outside the cavity 24 formed in the ball joint support 
16. 

[0030] Each ori?ce 32 of duct 26 is connected to one of the 
ori?ces 52 of duct 50 through a ?exible tube 54 as shoWn 
diagrammatically in FIG. 1. 

[0031] The layout described above enables an angular 
movement of the ball joint 18 relative to the ball joint 
support 16 equal to at least about 90° (+or —45°). This 
characteristic is mainly due to the fact that the vacuum 
created on the suction cup 44 is only applied from the 
outside of the ball joint support 16 through the ?exible tube 
54. It is also due to the fact that the spherical cap formed by 
the cavity 24 has an angle at the center equal to not more 
than about 90°. The particularly large movement of the 
suction cup 44 means that parts With particularly complex 
shapes can be supported, Which Was not possible in the past. 

[0032] Furthermore, as shoWn in FIG. 2, the diameter of 
the deformable suction cup 44 is approximately equal to the 
diameter of the circle delimiting the cavity 24 in the shape 
of a spherical cap. This arrangement gives a good global 
distribution of the forces. 

[0033] In the embodiment shoWn, the solid part forming 
the ball joint 18 is partially holloWed out at the center of the 
?at 41 on Which the means forming a suction cup 20 is 
supported. The center of gravity of the ball joint 18 is thus 
offset in the direction opposite the means forming a suction 
cup 20 about the geometric center of the ball joint. This 
characteristic enables the suction cup 44 to automatically 
return to the horiZontal neutral position When the gripping 
device is at rest. 

[0034] When this type of rotatable gripping device is used, 
the column 14 is ?rstly set to the right height relative to the 
part to be machined. This operation may be done manually 
or automatically, for example using a numerical control. 
High pressure air is then injected through the tube 34 and the 
ori?ce 30 of duct 26, Which has the effect of creating an air 
cushion betWeen the ball joint 18 and the support 16, and 
betWeen the part P and the suction cup 44. Automatic 
positioning is thus achieved in a particularly ef?cient and 
reliable manner. 

[0035] Note that in one advantageous embodiment of the 
invention, the control circuit for the means used as a suction 
cup 20 may be dissociated from the control circuit opening 
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up between the ball joint 18 and the cavity 24. For example, 
this means that the ball joint 18 can be blocked by the 
vacuum in a Well de?ned position, While independently 
controlling the vacuum or lifting force applied to the part by 
the suction cup. In this case, the orientation of the ball joint 
18 may be adjusted either manually, or using a numerical 
control. 

1. Rotatable gripping device comprising a ball joint, an 
open ball joint support in Which the said ball joint can pivot, 
a means forming a suction cup supported by the ball joint on 
the outside of the said ball joint support, means of holding 
the ball joint in the said ball joint support, and a ?rst duct 
passing inside the means forming the suction cup and 
comprising at least one ori?ce formed either on the ball joint 
or the means forming the suction cup, the said ori?ce being 
connected to a ?exible tube outside the ball joint support, 
and that can be connected to a vacuum source, characteriZed 
in that the means of holding the ball joint and the said ball 
joint support comprise a second duct passing through the 
ball joint support, at least one ?rst ori?ce of this second duct 
leading into the space betWeen the ball joint and the ball 
joint support. 

2. Rotatable gripping device according to claim 1, in 
Which the ?exible tube connects the said ori?ce in the ?rst 
duct to a second ori?ce in the second duct. 

3. Rotatable gripping device according to claim 2, in 
Which the second duct comprises a third ori?ce that can be 
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connected ?rstly to a compressed air source during a phase 
in Which the ball joint is automatically oriented, and to the 
vacuum source mentioned above during a part gripping 
phase. 

4. Rotatable gripping device according to claim 1, in 
Which the center of gravity of the ball joint is offset in the 
opposite direction to the said means forming a suction cup, 
about a geometric center of the said ball joint. 

5. Rotatable gripping device according to claim 1, in 
Which the means forming a suction cup comprises a deform 
able suction cup and a thrust ring placed inside the suction 
cup. 

6. Rotatable gripping device according to claim 5, in 
Which the said ball joint support comprises a spherical cap 
shaped cavity With an angle at the center equal to not more 
than about 90°. 

7. Rotatable gripping device according to claim 6, in 
Which the diameter of the deformable suction cup is approxi 
mately equal to the diameter of a circle delimiting the said 
spherical cap shaped cavity. 

8. Rotatable gripping device according to claim 1, in 
Which the ball joint is capable of pivoting at least 90° inside 
the said ball joint support. 


