10

15

20

25

30

WO 2020/075126 PCT/1B2019/058681

GRIPPING DEVICE

DESCRIPTION
The present invention relates to a gripping device. 1In
particular, the present invention relates to a gripping
device that can be used to axially block axisymmetric
bodies subjected to axial stresses. More in detail, the
present invention relates to a gripping device that can be
used to axially block axisymmetric bodies subjected to
axial stresses by means of a plurality of gripping members
with radial action and arranged circumferentially.
DESCRIPTION OF THE PRIOR ART
In the field of the construction of pipelines for
transporting fluids, electricity or data, in a terrestrial
or marine environment, the use of pipes of given length,
which are joined at the respective ends to obtain the
continuity of the pipeline, 1s known. In the case of
undersea pipelines, the pipes are launched by a ship
provided with a gripping device, which is used to hold the
end of the last segment of pipe already launched to which
another pipe still to be launched must be joined. Each
pipe 1is normally made of a metal material coated externally
with a plastic material, or also more simply protected
with a thick layer of epoxy paints.
In these cases, the axial stresses that act on the last
pipe 1launched, which are schematically given by the
combination of the respective suspended mass and by the
longitudinal action exerted by movements of the ship that
is laying the pipeline, can be particularly significant,
even up to wvalues close to 2000 tons (Mg). In this case,
the hold is implemented by applying radial loads to the
pipes Dbeing 1laid through at least one clamp, which

comprises a plurality of gripping devices arranged
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peripherally and, 1in turn, on several layers. The axial
force resulting from these radial actions (forces) 1is
proportional to the friction coefficient that is generated
in use between the sliding blocks of the gripping device
and the sheath that externally covers the pipe and with
which these sliding blocks interface.

The Applicant has already dealt with this subject in the
patent IT1405435, in the corresponding patent application
PCT/IB2018/051655 and in the patent application WO
2018/167660, the teachings of which are thus considered
known and, as the other teachings resulting from prior art
patents.

One of the problems that occur in the use of these clamps,
above all when there are high loads, is represented by the
dimensions of the clamps in the longitudinal direction of
the pipe and in radial direction, Dbeyond which the
deterioration of the pipe and in particular of its plastic
coating following application of the radial and tangential
load according to the methods described above must be
considered.

It is easily understood that it would be advantageous to
have a clamp provided with a plurality of gripping devices
shaped to maximize the friction coefficient between the
gripping members and the pipe (in order to reduce the
overall dimensions of these clamps) and minimize the
deterioration of the external sheath of the pipes of the
pipelines to be constructed. Other conditions being equal,
it would also be useful to have a clamp provided with a
plurality of gripping devices with reduced radial
dimensions and which allow uniform distribution of the
load applied radially to the segments of pipe.

SUMMARY OF THE PRESENT INVENTION

The present invention relates to a gripping device. In
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particular, the present invention relates to a gripping
device that can be used to axially Dblock axisymmetric
bodies subjected to axial stresses. More 1in detail, the
present invention relates to a gripping device that can be
used to axially block axisymmetric bodies subjected to
axial stresses (forces) through a plurality of gripping
members with radial action and arranged circumferentially.
The problems set forth above are overcome by means of the
present invention according to at least one of the appended
claims.

According to an embodiment, the present invention relates
to a gripping device for a clamp having a central axis and
designed to axially block an axisymmetric body by applying
radial actions centred on said central axis; saild device
having a given angular extension, extending in a given
direction parallel to said axis and comprising a support
assembly and a gripping assembly coupled through a plate
that delimits said gripping assembly at the rear and
supports at least one holding unit at the front; each said
holding unit comprising at least one toothed sliding block
carried in a freely rotatable and axially fixed way with
respect to said direction; each said holding unit
comprising hinged coupling means axially distributed along
salid direction and arranged between said plate and each
said sliding block.

According to an embodiment, said coupling means comprise
tabs carried at the front by said plate and abutment
elements carried at the rear by said sliding block shape-
fitted to said tabs.

According to an embodiment, said tabs are carried by said
prlate in a removable way to define a plurality of first
compartments distributed along said direction and said

abutment elements are distributed along said direction and
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each axially engaging a said first compartment; each said
abutment element being delimited by a partially
cylindrical surface centered on a fulcrum axis and facing
said plate.

According to a possible design variant of the present
invention, each said tab has a concave seat with
cylindrical shape at the front; said abutment elements
being axially distributed and delimiting longitudinally,
two-by-two, a second compartment transversely delimited by
a partially cylindrical sheath concentric with said
fulcrum axis and having an axial extension that
approximates, by excess, that of said first compartment.
According to an embodiment of the present invention, said
gripping device comprises radial reference means that
comprise a pair of lids carried by said plate at its ends
on longitudinally opposite sides and a pair of pins which
engage each said sliding block in respective end portions
coaxially with said fulcrum axis.

According to an embodiment, said axial-hinge coupling
means comprise an elongated member that incorporates at
the rear said abutment elements and said second
compartments and 1s made in a single piece with, or is
rigidly coupled to, said sliding block on the side of said
plate.

According to an embodiment, said tabs are made of steel or
a material with antifriction characteristics that, if in
use, 1s coupled to steel; said abutment elements being
made of steel or of a material with antifriction
characteristics where, if in use, this material is coupled
to steel.

According to an embodiment, said coupling means comprise
a ribbed body interposed between said plate and said

sliding block; said ribbed body being shaped for hinged
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coupling to said plate and to said elongated member and
between said tabs and said abutment elements.

According to a particular embodiment, said ribbed body
has, at the rear, third toothed members each of which being
designed to engage a said first compartment, said ribbed
body also having a recess designed to be shape-fitted to
said concave seat and, at the front, a plurality of
housings each being shaped in a way similar to said first
compartment for housing said abutment element.

According to an embodiment, each said sliding block is
delimited at the front by a face provided with a plurality
of teeth arranged transversally with respect to said given
direction for the entire transversal extension of said
sliding block; each said tooth having a substantially
triangular, or even rectangular, cross-section.

According to an embodiment, said face has a substantially
prismatic and concave shape and has at the front two
longitudinal portions connected by a longitudinal groove;
each said longitudinal portion being flat or convex or
concave and having a longitudinal extension that is
substantially identical to a longitudinal encumbrance of
said plate.

The present invention also relates to a clamp to axially
block an axisymmetric body by applying radial actions;
said clamp comprising a plurality of gripping devices
distributed concentrically about an axis and developed
along a given direction; each said gripping device having
a support assembly and a gripping assembly coupled by means
of the interposition of connection means; said clamp having
a driving assembly for each said gripping device; each
said driving assembly being designed to alternatively move
the respective said support assembly between a retracted

inactive ©position and an advanced active ©position
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transversal to said given direction; each said gripping
device having a support coupled to a respective said
driving assembly via a ball-joint.

Any further embodiments of the present invention are
defined by the claims.

BRIEF DESCRIPTION OF THE FIGURES

Further characteristics and advantages of the clamp and of
the respective gripping device according to the present
invention will be more apparent from the following
description of respective non-limiting embodiments
represented 1in the drawings, wherein identical or
corresponding parts of the same device are identified by
means of the same reference numbers. In particular:

- Fig. 1 is a schematic plan view, with parts removed for
clarity, of a clamp according to the present invention;

- Fig. 2 is a schematic perspective view on an enlarged
scale of a first preferred embodiment of a device of Fig.
1 with parts not represented for clarity;

- Fig. 3 1is an exploded view of Fig. 2 on an enlarged
scale;

- Fig. 4 is a schematic perspective view on an enlarged
scale of a second preferred embodiment of a device of Fig.
1 with parts not represented for clarity;

- Fig. 5 1s a schematic perspective view on an enlarged
scale of a third preferred embodiment of Fig. 2;

- Fig. 6 i1s a plan view of Fig. 5 on an enlarged scale and
with parts not represented for clarity;

- Fig. 7 is a first exploded view of Fig. 5 with parts not
represented for clarity;

- Fig. 8 1s a second exploded view of Fig. 5 with parts
not represented for clarity;

- Fig. 9 is a schematic perspective view of a first detail

taken from Fig. 8;
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- Fig. 10 1is a schematic perspective view of a second
detail taken from Fig. 8;

- Fig. 11 is a schematic perspective view of a further
detail taken from Fig. 8;

- Fig. 12 is a schematic perspective view on an enlarged
scale of a fourth preferred embodiment of Fig. 2;

- Fig. 13 is a schematic perspective view on an enlarged
scale of a fifth preferred embodiment of Fig. 2;

- Fig. 14 is a first plan view of Fig. 13 with parts not
represented for clarity;

- Fig. 15 is a second view of Fig. 13 with parts not
represented for clarity;

- Fig. 16 is a schematic and three-dimensional front view
of a second detail taken from Fig. 14; and

- Fig. 17 is a schematic and three-dimensional rear view
of Fig. 1l6.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

In Fig. 1 the number 1000 indicates, as a whole, a clamp
having a central axis AX which can be used to axially block
axisymmetric bodies CA by applying radial actions (forces,
in particular thrust and/or pressure) centered on the axis
AX. These axisymmetric bodies CA can be cylindrical,
umbilical or similar-shaped pipes, without this limiting
the scope of the present invention. This clamp 1000
comprises a plurality of gripping devices 1 which each
having a given angular extension, are distributed
circumferentially about the axis AX at given angular
distances and extend along a given direction D,
substantially parallel to the central axis AX. In Fig. 1
the gripping devices 1 are six (6) in number and arranged
at a constant angular pitch purely for convenience in the
drawing and without this limiting the scope of the present

invention.
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With particular reference to Fig. 2, each gripping device
1 has a support assembly 10 and a gripping assembly 20
coupled by means of a substantially pyramid-shaped plate
22 with the upper and lower faces parallel to each other
to delimit the gripping assembly 20 at the rear. Each
gripping assembly 20 supports at least one holding unit
200 at the front, each of which is provided with at least
one toothed sliding block 202 that develops along the
direction D and 1is carried in a freely rotatable and
axially fixed way with respect to said direction D, as
described in greater detail below.

Again, with reference to Fig. 1, the clamp 1000 associates
with each gripping device 1 a driving assembly 500 which
is orientated radially, hence transversally to the axis
AX, and is coupled to the respective gripping device 1 by
means of the interposition of a ball Jjoint 502. Each
driving assembly 500 is designed to alternatively move the
respective support assembly 10 transversally to the axis
AX Dbetween a retracted inactive position and an advanced
active position, in which the sliding blocks 202 of the
gripping device 1 are in contact with the external sheath
of the body CA being gripped.

With particular reference to Figs. 2 and 3, each holding
unit 200 comprises coupling members 30 shaped similarly to
an axial-hinge arranged between said plate 22 and each
sliding block 202 and distributed regularly spaced along
said direction D. These coupling members 30 comprise flat
bars 32 substantially parallelepiped shaped and vertically
delimited by flat side surfaces 33, hence designed to
operate similarly to tabs, as <clarified in detail
hereunder. The tabs 32 are carried at the front regularly
spaced by the plate 22 and by abutment elements 34, in
turn carried at the rear by the sliding block 202 and
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shaped to be shape-fitted to the tabs 32, in particular
axially and radially, as better described hereunder.

As can be seen from Fig. 3, the tabs 32 are carried by the
plate 22 inside seats 220 arranged regularly spaced and
made at the front in the plate 22 in a removable way by
means of screws. In this way, the horizontal side surfaces
33 that in Fig. 3 vertically delimit the tabs 32 define
axial abutment surfaces for the abutment elements 34 and
axially delimit a plurality of first transversal
compartments 320 distributed along the direction D. To
simplify the drawing only one of the side surfaces 33 is
indicated in Fig. 3.

Moreover, the abutment elements 34 are also distributed
regularly spaced along the direction D and each of them
axially engages a first compartment 320. Each abutment
element 34 is delimited by a surface 340 facing the plate
22. The solution described allows the axial loads acting
on the body CA to be distributed uniformly between the
tabs 32 and the abutment elements 34.

It is easily understood that it can be particularly
advantageous for the tabs 32 and/or the abutment elements
34 to be made of steel, bronze, or any material with
antifriction characteristics 1in consideration of the
conditions of use, taking into account the material with
which the tabs 32 and the relative abutment elements 34
are made.

Again, with reference to Fig. 3, each tab 32 has a concave
seat 322 with a substantially cylindrical shape at the
front. The abutment elements 34 are axially distributed
and delimit longitudinally, two-by-two, a second
compartment 343 which is in turn transversally delimited
by a partially cylindrical sheath 344, which shape-engages

a seat 322. This sheath 344 is concentric with the fulcrum
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axls 342 and has an angular extension that approximates,
by excess, an angular extension of the seat 322.

Each gripping device 1 comprises axial reference members
40 which comprise a pair of lids 42 carried by said plate
22 at its ends on longitudinally opposite sides and a pair
of pins 44 which engage each sliding block 202 in
respective end portions 2020 coaxially with the fulcrum
axis 342.

Again with reference to Figs. 2 and 3, the coupling members
30 comprise an elongated member 346 that incorporates at
the rear the abutment elements 34 and the second
compartments 343, Dbesides being rigidly coupled to the
sliding block 202 on the side of the plate 22 by means of
a plurality of coupling members 347 of selectively
removable type. For convenience in the drawing, this
elongated member 346 is illustrated in Fig. 3 divided into
two substantially identical half-parts, without this
limiting the scope of the present invention.

Each sliding block 202 is delimited at the front by a face
2026 provided with a plurality of teeth 2028 arranged
transversally to the direction D for the entire transversal
extension of the sliding block 202. Each tooth 2028 (more
clearly shown in Figs. 12 and 13) can have a substantially
triangular, or even rectangular, cross-section, according
to the type of use.

Fach face 2026 has a substantially prismatic and concave
shape and can be divided into two longitudinal portions
20260 by a longitudinal median groove 20262. Each portion
20260 has been represented as flat in the accompanying
figures, but can indifferently be flat, convex or concave
according to the requirements of use of the clamp 1000.
The use of the clamp 1000 and of the gripping devices 1 of

which it 1s composed can be easily understood from the
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description above and do not require further explanation.
However, it might be useful to specify that the particular
choice to couple each sliding Dblock 202 in an
jointed/tilting way with respect to the plate 22 makes it
possible to circumferentially distribute the load exerted
radially on the body CA by each gripping device 1 in a
substantially uniform way on the faces 2026 of the sliding
blocks 202 of the clamp 1000 engaged in dgripping the body
CA. In this way, the load 1is uniformly distributed for
each face 2026, thus where the stress of the external
sheath of the body CA is circumferentially uniform.
Moreover, as can be seen in Fig. 2, the faces 2026 extend
in a substantially identical way to the longitudinal
extension of the plate 22, hence as can be seen in the
accompanying figures, of the gripping device 1; therefore,
the radial action exerted on the sheath of the body CA is
distributed over an area that develops for the entire
transversal and longitudinal extensions of each gripping
device 1. In this way, several clamps 1000 can be used
substantially 1in axial contact without this causing
interference between the respective sliding blocks 202,
and with the effect of maximizing the transversal and axial
extension of the area of contact with the sheath of the
body CA being gripped.

Finally, it is clear that modifications and variants can
be made to the clamp 1000 and to each respective gripping
device 1 described and 1illustrated herein without
departing from the scope of the present invention.

For example, with reference to Fig. 4, it is possible to
modify the gripping device 1 of Fig. 3 by increasing the
degrees of freedom of rotation of the sliding blocks 202,
in order to improve the capacity to copy or to adapt to

the position of the external surface of the bodies CA to
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be held with respect to the position of the holding unit
200 that grips them. In particular, in this case the
coupling members 30 comprise a ribbed body 36 interposed
between the plate 22 and the sliding block 202. This ribbed
body 36 1s shaped for hinged coupling to the plate 22 and
to the elongated member 346 between the tabs 32 and the
abutment elements 34. Coupling between the ribbed body 36
and the plate 22 is guaranteed by the tabs 32 and by lids
functionally identical to the 1lids 42 of the previous
version described with reference to Figs. 2-3, and by a
pin 31 and for this reason indicated (only one in Fig. 4)
with the same reference number. Moreover, each sliding
block 202 is kept in hinge position with respect to the
ribbed body 36 by two screws 41 and by two pins 44, as
well as by a small plate 43 that connects them, remaining
incorporated in the end shapes of the ribbed body 36 and
of the sliding block 202, so as not to increase the
longitudinal dimensions of the gripping device 1. Fig. 5
shows a version with two holding units 200 of Fig. 4.
Greater construction details of these solutions are shown
with reference to Figs. 6-11, which indicate in views with
different degrees of explosion the version of Fig. 5, the
purpose of which is to improve the uniformity of the load
distribution exerted on the external sheath of the body CA
by the clamp 1000.

With reference to Figs. 6-11 the ribbed body 36 has dual
rear abutment elements 34’ of the abutment elements 34 of
the elongated member 346 interspersed at regular intervals
with dual recesses 37 of the second compartments 343 of
the elongated member 346. Moreover, in this version the
ribbed body 36 has at the front compartments 320’ and
concave seats 322’ (Fig.9) obtained in the ribbed body 36

and respectively equivalent to the first compartments 320
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associated with the plate 22, which in the solution of
Figs. 2 and 3 housed the abutment elements 34, and to the
concave seats 322 of the tabs 32, which in Figs. 2 and 3
coupled to the second compartments 343. Figs. 8, 10 and 11
show flat front surfaces 348 of the abutment elements 34,
interspersed by other flat front surfaces 349, and
respective flat seats 208 made at the rear and arranged
regularly spaced in the sliding blocks 202 of this version.
Figs. 12 and 13 show a further construction variant of the
present invention, in particular of the embodiment
represented in Figs. 4 and 5, according to which each
sliding block 202 incorporates in a single piece the
elongated member 346. This solution is better seen in Figs.
14-17, in which the construction characteristics of the
ribbed body 36 and of the sliding block 202 that
incorporates the elongated member 346 can be viewed.
Naturally, in this case the abutment elements 34 and the
second compartments 343 of the elongated member 346 are
incorporated in the sliding block 202 at the rear.

According to the above description, the clamp 1000
according to the present invention and each of the gripping
devices 1 of which it 1is composed solve the problem of
minimizing the impact determined by applying radial force
on the external sheath of each body CA held due to the
holding wunits 200 whose sliding Dblocks 202 can be
orientated freely also based on the deformation
effectively shown by the body CA being gripped on an
extension that is substantially identical to that of each
gripping device 1, and hence of the clamp 1000 that
comprises it. In this way the uniformity of the pressure
applied radially to the segments of body CA subjected to
application of radial load to be held, and consequently

the capacity to withstand axial loads 1s maximized and
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deterioration of the body CA and of the respective external
sheath is limited. Moreover, the distribution of the axial
load on a plurality of pairs consisting of a tab 32 and an
abutment element 34, through the contact determined with
the side surfaces 33 along the entire axial extension of
the plate 22, and consequently according to the above
description also for the entire axial extension of the
sliding blocks 202, allows the specific pressure in the
contact between the tabs 32 and the abutment elements 34
to be limited, and consequently the radial dimension of
the gripping assemblies 20, and hence of the gripping

devices 1 as a whole, to be limited.
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CLATIMS

1. A gripping device (1) for a clamp (1000) having a
central axis (AX) and designed to axially Dblock an
axisymmetric body (CA) by applying radial actions centred
on saild central axis (AX); salid device extending in a given
direction (D) parallel to said axis (AX) and comprising a
support assembly (10) and a gripping assembly (20) coupled
together by means of a plate (22) that delimits said
gripping assembly (20) at the rear and supports, at the
front, at least one holding unit (200); each said holding
unit (200) comprising at least one toothed sliding block
(202) carried in a freely rotatable and axially fixed way
with respect to said direction (D); where each said holding
unit (200) comprises hinge coupling means (30) axially
distributed along said direction (D) and arranged between
said plate (22) and each said sliding Dblock (202),
characterized in that said coupling means (30) comprise
tabs (32) carried at the front by said plate (22) and
abutment elements (34) carried at the rear by said sliding
block (202) and shape-fitted to said tabs (32).

2. The device according to Claim 1, characterized in that
salid tabs (32) are carried by said plate (22) in a
removable way to define a plurality of axial abutment
surfaces (33) that axially delimit first compartments
(320) distributed along said direction (D) for said
abutment elements (34); each said abutment element (34)
being delimited by a surface (340) facing said plate (22).
3. The device according to any one of Claims 1-2,
characterized in that each said tab (32) has at the front
a concave seat (322) with cylindrical shape; said abutment
elements (34) being axially distributed and delimiting
longitudinally, two-by-two, a second compartment (343),

which is in turn transversally delimited by a partially
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cylindrical sheath (344) concentric with said fulcrum axis
(342) and having an angular extension that approximates,
by excess, said seat (322).

4., The device according to any one of the preceding
claims, characterized in that it comprises radial
reference means (40), which are designed to hold the
workpieces referenced in position and comprise a pair of
lids (42) carried by said plate (22) at its ends on
longitudinally opposite sides, and a pair of pins (44),
which engage each said sliding block (202) in respective
end portions (2020) coaxially with said fulcrum axis (342).
5. The device according to Claim 4, characterized in that
said axial-hinge coupling means (30) comprise an elongated
member (346) that incorporates at the rear said abutment
elements (34) and said second compartments (343) and is
made 1in a single piece with, or is rigidly coupled to,
said sliding block (202) on the side of said plate (22).
6. The device according to any one of the preceding
claims, characterized in that said coupling means (30)
comprise a ribbed body (36) interposed between said plate
(22) and said sliding block (202); said ribbed body (36)
being shaped for hinged coupling with said plate (22) and
with said elongated member (346) and between said tabs
(32) and saild abutment elements (34).

7. The device according to Claim 6, characterized in that
said ribbed body (36) has, at the rear, third toothed
members (35) each of which being designed to engage a said
first compartment (320) and a recess (37) for enabling
shape fitting with a said concave seat (322) and, at the
front, a plurality of housings (38) each being shaped in
a way similar to a said first compartment (320) for housing
a sald abutment element (34).

8. The device according to any one of Claims 1-7,
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characterized in that each said tab (32) is made of steel
or a material with antifriction characteristics if, in
use, 1t is coupled to steel; said abutment elements (34)
being made of steel or of a material with antifriction
characteristics if, in use, they are coupled to steel.

9. The device according to any one of the preceding
claims, characterized in that each said sliding block (202)
is delimited at the front by a face (2026) provided with
a plurality of teeth (2028) arranged transversally to said
given direction (D) for the entire transversal extension
of said sliding block (202); each said tooth (2028) having
a substantially triangular, or even rectangular, cross-
section.

10. The device according to Claim 8, characterized in that
said face (2026) has a substantially prismatic or concave
or convex shape and has at the front at least two
longitudinal portions (20260); each said longitudinal
portion (20260) being flat or convex or concave and having
a longitudinal extension that is substantially identical
to a longitudinal encumbrance of said plate (22).

11. A clamp (1000) for blocking an axisymmetric body (CA)
axially by applying radial actions; said clamp (1000) being
characterized in that it comprises a plurality of gripping
devices (1) according to any one of the preceding Claims
1-10 distributed concentrically about an axis (AX) and
developing 1in a given direction (D); each said gripping
device (1) having a support assembly (10) and a gripping
assembly (20) coupled by means of the interposition of
connection means (12); said clamp (1000) having a driving
assembly (500) for each said gripping device (1); each said
driving assembly (500) being designed to alternatively move
the respective said support assembly (10) between a

retracted inactive position and an advanced active position
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transversal to said given direction (D); each said gripping
device (1) having a supporting member (100) coupled to a
respective said driving assembly (500) wvia a ball joint

(502).
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