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BENDING THE TERMINAL PORTION OF A FLEXIBLE CABLE WOUND AS A REEL

(57) Bending apparatus (1) for flexible cables (C)
wound as a reel, comprising a support frame (2) placed
below a winding drum (102) of an equipment piece (100),
and an operative arm (3), which comprises a constrained
portion (31) rotatably constrained to the support frame
(2) and a thrust portion (32) intended to act in abutment
against a terminal portion (C1) of a flexible cable (C)
wound as a reel around the winding drum (102).

The bending apparatus (1) also comprises move-
ment means (4), mechanically connected to the operative
arm (3) in order to move it between a lowered position
and a lifted position, and lifting means (5) comprising at
least one lifting device (6), which comprises a reaction
member (61), adapted to interact with the floor (P) on
which the support frame (2) rests, and an action member
(62), which is engaged with the reaction member (61) in
a movable manner along a movement direction (X), is
connected to the support frame (2), and is movable along
the movement direction (X) in order to position the sup-
port frame (2) with multiple different work heights (H).
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Description

Field of application

[0001] The present invention regards a bending appa-
ratus for flexible cables wound as a reel and a method
for bending the terminal portion of a flexible cable wound
as a reel according to the relative independent claims.
[0002] The present bending apparatus and method fall
within the industrial field of production of offshore equip-
ment and they are intended for a use in the field of laying
cables on beds of seas, lakes, basins, etcetera.
[0003] More in detail, the bending apparatus, object of
the present invention, is advantageously intended to be
applied to equipment pieces for winding/unwinding flex-
ible cables, such as an energy transmission cable, a sig-
nal cable for the data transmission, or deformed steel
cables employed for example for injecting compressed
air or water in an oil well. For example, such cables have
diameter about between 6 and 24 meters and weight
approximately between 200 and 2500 tons.
[0004] In particular, the bending apparatus, object of
the present invention, is intended to be employed for
bending the terminal portion of the cable and bringing it
in abutment against the reel, for on-land operations, on
offshore platforms and on ships.

State of the art

[0005] Equipment pieces for unwinding cables on sea-
beds are known in the reference field, which convention-
ally comprise a support structure formed by a base and
by two shoulders which are extended for several meters
parallel to each other starting from the base and which
support a winding drum therebetween with horizontal ax-
is and diameter of several meters.
[0006] Around this winding drum, a cable to be laid is
wound, forming multiple coils side-by-side which form a
reel of such cable.
[0007] For example, the operations of winding the ca-
ble around the winding drum are executed on land, for
example in proximity to a production plant or a storage
or distribution base. In such operations, the winding drum
is rotatably mounted on a support frame with motorization
means mounted thereon in order to rotate the winding
drum itself.
[0008] In operation, in order to wind the cable on the
winding drum, the latter is connected to one end of the
cable and subsequently is rotated by the motor means,
coiling the tube around the drum.
[0009] After the winding of the cable, the winding drum
is transported at the work site (such as an offshore plat-
form or the deck of a laying ship), possibly together with
the support frame which can be employed in order to
position the drum in the desired position and can possibly
also form part of the unwinding equipment piece.
[0010] In particular, the flexible cables used are typi-
cally wound in reels with diameter comprised between

about 6 and 11 meters and weight about 200 and 500
tons, and in particular, in the case of deformed steel ca-
bles employed for example for injecting compressed air
or water in an oil well so as to control the leveling of the
latter, such cables are wound in reels with of about 24
meters and weight of about 2400 tons.
[0011] At the end of the winding operations, the termi-
nal portion of the cable is fixed to the reel by means of
suitable chains in order to retain it in position, in particular
during the transportation, without such terminal portion
being able to oscillate.
[0012] Therefore, a particularly important problem in
the field is that of bringing also the free terminal portion
thereof in contact with the reel and between the two flang-
es.
[0013] If this is not provided, such free terminal portion
would not be fixed to the latter and therefore would be
free to be moved, making the transportation of the reel
difficult, possibly causing damage and constituting a dan-
ger for the operators in charge of transportation.
[0014] In order to resolve such drawback, the equip-
ment pieces for winding/unwinding cables on the sea-
beds are provided with bending apparatuses, which are
aimed to bend the free terminal portion of the cables once
the latter have been wound on the reel.
[0015] Such bending apparatuses are mounted on the
support structure of the equipment piece and in particular
placed below the reel.
[0016] In addition, such bending apparatuses are pro-
vided with a substantially rectilinear operative arm hinged
to the center of the support structure of the equipment
piece. Generally, the operative arm is made by means
of a box-like beam and terminates at its free end with a
horizontal thrust bar, which, following the rotation of the
operative arm approaching the reel, acts on the free ter-
minal portion of the cable in order to plastically deform it
and bend it, bringing it to adhere to the more external
coils of the cable reel).
[0017] In addition, such bending apparatuses are pro-
vided with movement means, in general a hydraulic pis-
ton hinged at the ends respectively to the operative arm
and to the support structure and intended to rotate the
operative arm by exerting against the cable a force on
the order of hundreds of ton-force.
[0018] The document GB 2247898 A describes a fur-
ther bending apparatus which comprises an operative
arm hinged to the base of the support structure of the
equipment piece set on the ground by means of multiple
wheels. The operative arm is moved by means of a hy-
draulic cylinder and is provided, at the free end thereof,
with an idle wheel intended to come into contact with the
free terminal portion of the cable of the reel.
[0019] The above-described bending apparatuses for
flexible cables of known type have in practice shown that
they do not lack drawbacks.
[0020] The main drawback of these bending appara-
tuses lies in the fact that they are not always able to suf-
ficiently deform the cable, in particular changing the reel
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type. Indeed, the equipment pieces for winding/unwind-
ing the cables are intended to use reels of different di-
ameters, while the operative arm of the bending appara-
tuses for cables have a fixed length. Therefore, upon
varying the diameter of the reels, in particular with smaller
reels, the operative arm is not always able to reach the
drum and thus completely deform the cable.
[0021] A further drawback of the bending apparatuses
of known type lies in the fact that they are generally in-
tegrated with the support structure of the equipment
piece and, being situated below the reel, render the
mounting and removal thereof complex.
[0022] In addition, due to the latter drawback, in case
of need such bending apparatuses make it difficult to
transport the entire equipment piece, and complicate its
maintenance as well. A further drawback of the aforesaid
apparatuses of known type is due to the fact that, if the
thrust arm acts at one end thereof, it is subject to torsional
reactions that could damage the equipment piece or
render difficult the action thereof.

Presentation of the invention

[0023] In this situation, the problem underlying the
present invention is therefore that of overcoming the
drawbacks of the above-described prior art, by providing
a bending apparatus for flexible cables wound as a reel
and a method for bending the terminal portion of a flexible
cable wound as a reel, which allow operating efficiently
with reels of different dimensions.
[0024] A further object of the present invention is to
provide a bending apparatus for flexible cables wound
as a reel, which is adaptable to different equipment piec-
es for winding/unwinding flexible cables.
[0025] A further object of the present invention is to
provide a bending apparatus for flexible cables wound
as a reel and a method for bending the terminal portion
of a flexible cable wound as a reel, which are entirely
safe and entirely reliable in operation.
[0026] A further object of the present invention is to
provide a bending apparatus for flexible cables wound
as a reel, which is mechanically stable and resistant.

Brief description of the drawings

[0027] The technical characteristics of the invention,
according to the aforesaid objects, are clearly found in
the content of the below-reported claims and the advan-
tages thereof will be more evident in the following detailed
description, made with reference to the enclosed draw-
ings, which represent a merely exemplifying and non-
limiting embodiment of the invention, in which:

- figure 1 shows a perspective view of a bending ap-
paratus, object of the present invention, and an
equipment piece for winding/unwinding flexible ca-
bles, shown separate from each other;

- figure 2 shows a perspective view of the bending

apparatus in figure 1;
- figure 3 shows a top plan view of the present bending

apparatus;
- figure 4 shows the detail IV of figure 3;
- figures 5a and 5b show, respectively, a side view

and a front view of the present bending apparatus
with lifting devices actuated for abutting against the
floor;

- figures 6a and 6b show, respectively, a side view
and a front view of the bending apparatus of figure
5a and 5b with blocking elements in non-interference
position;

- figures 7a and 7b show, respectively, a side view
and a front view of the bending apparatus of figures
6a and 6b with the lifting devices actuated for lifting
the bending apparatus at a work height;

- figures 8a and 8b show, respectively, a side view
and a front view of the bending apparatus of figures
7a and 7b with the blocking elements reported in
interference position;

- figures 9a and 9b show, respectively, a side view
and a front view of the bending apparatus in figures
8a and 8b with the lifting devices reported in a re-
tracted position;

- figure 10 shows a side view of the bending apparatus
and of the equipment piece for winding/unwinding
flexible cables with an operative arm in movement
between a lowered position and a lifted position
(dashed line) in order to act on the terminal portion
of a flexible cable.

Detailed description of a preferred embodiment

[0028] With reference to the enclosed drawings, refer-
ence number 1 overall indicates the bending apparatus
for flexible cables C wound as a reel, object of the present
invention.
[0029] The present bending apparatus 1 is intended to
be advantageously employed on-land in plants for pro-
ducing flexible cables, or in offshore worksites (both on
platforms and on ships) in order to wind cables picked
up from the bed for example of seas, lakes, water basins.
[0030] In particular, the apparatus 1 is intended to be
operatively associated with an equipment piece 100 for
winding/unwinding flexible cables C, it too advanta-
geously arranged in the aforesaid flexible cable produc-
tion plant or in worksites.
[0031] With reference to the enclosed figure 1, the
equipment piece 100 is provided with a support structure
101 intended to be abutted against a floor P and with a
winding drum 102 rotatably mounted on the support
structure 101 with horizontal rotation axis.
[0032] In particular, the support structure 101 compris-
es two lateral flanks 103, each supported by two corre-
sponding support legs 104 and carrying a hub 105 rotat-
ably mounted thereon.
[0033] Advantageously, the hubs 105 carry the afore-
said winding drum 102 (for example made of steel)
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mounted thereon, which advantageously has substan-
tially cylindrical shape and is extended horizontally be-
tween two ends, mounted on the hubs 105, in order to
bring the corresponding flexible cable C externally
wound.
[0034] Of course, without departing from the protective
scope of the invention, the equipment piece 100 can be
of the type (not illustrated) comprising two vertical towers,
two hubs slidably and rotatably associated with the ver-
tical towers and carrying, mounted thereon, the winding
drum around which the flexible cable is wound. In addi-
tion, the equipment piece 100 can comprise movement
means arranged for moving each hub along the corre-
sponding tower, in particular so as to align the hub with
the drum in order to engage it with the latter and to lift
and lower the drum itself.
[0035] In general, the equipment piece 100 with which
the present bending apparatus 1 is intended to be asso-
ciated can be a (simple) structure (with winding roller 102
and support structure 101) employed (for example in a
production or loading plant) for winding the flexible cable
C, or it can be an equipment piece (more complex) ar-
ranged in the work site with all the systems for laying or
collecting the flexible cable C.
[0036] According to the invention, the bending appa-
ratus 1 comprises a support frame 2, intended to be
placed below the winding drum 102 of the equipment
piece 100, preferably parallel to the floor P.
[0037] In particular, the floor P can be defined by any
one support surface, such as the floor of an on-land plant
or a deck of a ship or of a platform equipped for operating
in an offshore worksite.
[0038] In accordance with the preferred embodiment
illustrated in the enclosed figures, the support frame 2
has substantially quadrangular shape with substantially
horizontal lying plane.
[0039] Advantageously, the support frame 2 is provid-
ed with two lateral beams 22, substantially parallel and
side-by-side, extended along a first extension direction
Y (substantially horizontal), a head beam 23 and a bottom
beam 24, placed to connect between the lateral beams
22. Advantageously, the head beam 23 and bottom beam
24 are substantially parallel and are extended along a
second extension direction Z that is transverse, prefera-
bly orthogonal, to the first extension direction Y (and sub-
stantially horizontal).
[0040] Advantageously, the support frame 2 is provid-
ed with at least four connection vertices 21, which are
preferably placed to connect between the lateral beams
22 and the head beam 23 or the bottom beam 24.
[0041] In addition, the bending apparatus 1 comprises
an operative arm 3, which is mounted on the support
frame 2 and comprises a constrained portion 31 and a
thrust portion 32.
[0042] In particular, the constrained portion 31 is rotat-
ably constrained to the support frame 2 around a rotation
axis R, preferably parallel to the axis of the winding drum
102 (and in particular horizontal). The thrust portion 32

is spaced from the constrained portion 31 and is intended
to act in abutment against a terminal portion C1 of a flex-
ible cable C wound as a reel around the winding drum
102 in order to plastically deform the aforesaid terminal
portion C1.
[0043] In accordance with the preferred embodiment
illustrated in the enclosed figures, in particular in figures
2 and 3, the thrust portion 32 of the operative arm 3 com-
prises an abutment bar 33, which is extended substan-
tially parallel to the rotation axis R between two opposite
ends 33’. In particular, the abutment bar 33 is intended
to act in abutment against the flexible cable C in order to
deform the terminal portion C1 thereof.
[0044] Advantageously, moreover, the constrained
portion 31 of the operative arm 3 between a constrained
end 31’, which is constrained (e.g. hinged) to the support
frame 2 at the rotation axis R, preferably to the bottom
beam 24 of the latter, and a fixing end 31", fixed to the
thrust portion 32 and in particular to the abutment bar 33.
[0045] In accordance with the particular embodiment
illustrated in the enclosed figures, the constrained portion
31 comprises two rotation bars 34, parallel to each other,
and each extended between a corresponding con-
strained end 34’, which is constrained to the support
frame 2, and a corresponding fixing end 34", fixed to the
thrust portion 32.
[0046] According to the invention, the bending appa-
ratus 1 also comprises movement means 4, which are
mounted on the support frame 2, are mechanically con-
nected to the operative arm 3 and are actuatable to move
the operative arm 3 between at least one lowered position
and at least one lifted position.
[0047] In particular, in the lowered position the thrust
portion 32 is intended to be spaced from the terminal
portion C1 of the flexible cable C. Instead, in the lifted
position the thrust portion 32 is adapted to abut against
the terminal portion C1 of the flexible cable C in order to
curve the terminal portion C1 on the reel, making it adhere
on the more external coils of the reel.
[0048] More in detail, in the lowered position the thrust
portion 32 of the operative arm 3, and in particular the
abutment bar 33, is brought close to the support frame
2 and in the lifted position the thrust portion 32 of the
operative arm 3, in particular the abutment bar 33, is more
spaced from the support frame 2 at a greater height of
the latter in order to engage the flexible cable C, as illus-
trated in figures 5a, 9a and 10.
[0049] In accordance with the preferred embodiment
illustrated in the enclosed figures, the movement means
4 are provided with at least two actuation devices 40 each
constrained to the abutment bar 33, preferably at the cor-
responding end 33’.
[0050] Advantageously, at least one actuation device
40, preferably both, comprises a movement piston 40’
extended between a first end 41 hinged to the support
frame 2, preferably to the head beam 23 of the latter, and
a second end 42 hinged to the operative arm 3.
[0051] In this manner, the movement of the operative
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arm 3 between the lifted position and the lowered position
is advantageously more stable, even when the terminal
portion C1 of the flexible cable C is not placed centered
along the thrust portion 32 of the operative arm 3. In ad-
dition, in this manner, the division of the loads on the
support frame 2 advantageously improves.
[0052] According to the idea underlying the present in-
vention, the bending apparatus 1 comprises lifting means
5 mechanically connected to the support frame 2 and
comprising at least one lifting device 6.
[0053] In addition, the lifting device 6 comprises at least
one reaction member 61, adapted to interact with the
floor P, and at least one action member 62, which is en-
gaged with the reaction member 61 in a movable manner
along a movement direction X having at least one vertical
component (and preferably substantially vertical), is con-
nected to the support frame 2, and is movable along the
movement direction X in order to position the support
frame 2 with multiple different work heights H.
[0054] Advantageously, the lifting device 6 comprises
at least one linear actuator 60 having the first action mem-
ber 62 slidably constrained to the reaction member 61
according to the movement direction X. Preferably, the
movement direction X is substantially vertical and pref-
erably orthogonal to the first extension direction Y and
to the second extension direction Z.
[0055] According to the preferred embodiment illustrat-
ed in the enclosed figures, the linear actuator 60 com-
prises a hydraulic cylinder 60’.
[0056] Preferably, the lifting means 5 comprise at least
two lifting devices 6, each applied to a corresponding
opposite lateral beam 22 (or to the head beam 23 and
bottom beam 24).
[0057] As illustrated in figures 1 and 2, the lifting means
5 advantageously comprise four lifting devices 6, in par-
ticular four linear actuators 60, each for example consti-
tuted by a hydraulic cylinder 60’. In particular, the lifting
devices 6 are mounted two-by-two on the lateral beams
22 of the support frame 2, preferably at the connection
vertices 21.
[0058] In accordance with a further embodiment of the
invention, not illustrated, the lifting devices 6 are mounted
on the head or bottom beams 23, 24.
[0059] Of course, without departing from the protective
scope of the invention, the lifting devices 6 can be mount-
ed on any other part of the support frame 2. In addition,
the lifting device 6 can comprise any kind of actuator,
such as for example of pinion or rack or chain type, or
pulley type.
[0060] By means of the lifting devices 6, the support
frame 2 can be advantageously lifted and lowered, as
illustrated in figures 5-9, hence bringing the operative
arm 3 close to or away from the winding drum 102, al-
lowing the bending apparatus 1 to be adapted to the di-
mensions of the winding drum 102, or to the height from
the floor P at which it is placed, or to the fill level of the
winding drum 102 (i.e. to the number of coils of flexible
cable C wound as a reel).

[0061] According to the preferred embodiment illustrat-
ed in particular in figures 1-4, the lifting means 5 also
comprise at least one support guide 7 extended accord-
ing to the movement direction X and intended to be abut-
ted against the floor P, and a connection sliding block 8
slidably constrained to the support guide 7 and connect-
ed to the support frame 2.
[0062] More in detail, the support guide 7 comprises
at least one support column 70 provided with a base por-
tion 71 intended to be abutted against the floor P, and
the connection sliding block 8 is provided with at least
one through opening 81 traversed by the support column
70.
[0063] In order to maintain the support guide 7 and the
connection sliding block 8 at a pre-established work
height H, the lifting means 5 advantageously comprise a
plurality of anchorage elements 9 placed on the support
guide 7 and positioned along the movement direction X
at corresponding work heights H. In addition, the lifting
means 5 comprise at least one blocking element 9’ con-
strained to the connection sliding block 8 and actuatable
to be moved between an interference position and a non-
interference position.
[0064] More in detail, in the interference position, the
aforesaid blocking element 9’ intercepts one of the an-
chorage elements 9, rigidly constraining the connection
sliding block 8 to the support guide 7 at the corresponding
work height H, and in the non-interference position the
blocking element 9’ is released from the anchorage ele-
ments 9, freeing the connection sliding block 8 from the
support guide 7 with respect to displacements along the
movement direction X.
[0065] In accordance with the preferred embodiment
illustrated in the enclosed figures, the anchorage ele-
ments 9 are provided with corresponding first engage-
ment holes 91 made in said support guide 7, in particular
on the support column 70, and the blocking element 9’
comprises at least one coupling pin 90’ movable, trans-
verse to the movement direction X, between the interfer-
ence position and the non-interference position. In par-
ticular, in the interference position the coupling pin 90’
is, at least partially, inserted in one of the first engage-
ment holes 91, and in the non-interference position the
coupling pin 90’ is placed outside the first engagement
holes 91.
[0066] Advantageously, in addition, the connection
sliding block 8 is provided with at least one second en-
gagement hole 92 which, with the support frame 2 at one
of the work heights H, is aligned with the first engagement
hole 91 of the corresponding anchorage element 9, and
in which the coupling pin 90’ is inserted at least in the
interference position.
[0067] As illustrated in the enclosed figures and as in-
dicated above, the support frame 2 advantageously has
substantially quadrangular shape with at least four con-
nection vertices 21. In addition, the lifting means 5 ad-
vantageously comprise at least four sliding blocks 8, fixed
to the support frame 2 at the corresponding connection
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vertices 21, and four support guides 7, in particular each
comprising an aforesaid support column 70, with which
the corresponding sliding blocks 8 are slidably con-
strained.
[0068] Advantageously, the first engagement holes 91,
and preferably also the second engagement holes 92,
are aligned along the second extension direction Z.
[0069] In addition, the blocking elements 9’ are advan-
tageously slidably mounted at the ends of the head beam
23 and of the bottom beam 24 and slidable along the
second extension direction Z.
[0070] Of course, without departing from the protective
scope of the present invention, the first and the second
engagement holes 91, 92 can be aligned along the first
extension direction Y and the blocking elements 9’ can
be mounted in an equivalent manner on the lateral beams
22 and slidable along the same first extension direction Y.
[0071] In operation, once the bending apparatus 1 has
been brought to the desired work height H, the support
guide 7 (in particular the support legs 70) is advanta-
geously brought into abutment against the floor P and
the support frame 2 is blocked at the work height H, con-
straining the blocking element 9’ to the corresponding
anchorage element 9 at the aforesaid work height H.
[0072] In this manner, it is possible to provide for one
or more lifting devices 6 arranged for generating a lifting
force sufficient for lifting the support frame 2 to the work
height H, i.e. to support the weight thereof, while the re-
action member 61 of such lifting device 6 can be picked
up from the floor P after the support guide 7 has been
blocked at the work height H by means of the anchorage
element 9 and the blocking element 9’.
[0073] Therefore, the force generated by the move-
ment means 4, by actuating the operative arm 3 to act
on the terminal portion C1 of the flexible cable C, is ab-
sorbed and discharged to the floor P by each support
guide 7 (in particular by each support column 70), without
affecting the lifting devices 60 (and therefore without sub-
jecting them to stresses that could damage them).
[0074] Also constituting the object of the present in-
vention is a method for bending the terminal portion C1
of a flexible cable C wound as a reel, such method being
actuated by means of the use of a bending apparatus 1
of the above-described type.
[0075] Hereinbelow, for the sake of description sim-
plicity, reference will be made to the same nomenclature
introduced up to now, even if it must be intended that the
present method can be obtained also with apparatuses
not provided with all the above-considered characteris-
tics.
[0076] The present method provides for a step of ar-
ranging the bending apparatus 1 below the winding drum
102 of the equipment piece 100 for winding/unwinding
flexible cables C. In such arranging step, the operative
arm 3 of the bending apparatus 1 is in the lowered position
in order to not interfere with the winding drum 102 or
other parts of the equipment piece 100.
[0077] More in detail, in the arranging step the bending

apparatus 1 is carried by means of sliding along the floor
P below the winding drum 102 of the equipment piece
100, for example into an empty space between the sup-
port legs 104.
[0078] Advantageously, in the arranging step the lifting
means 5 are placed away from the floor P, in particular
with the reaction member 61 of the lifting device 6 in a
retracted position, in which the reaction member 61 is
placed close to the support frame 2.
[0079] In the arranging step the support guide 7 is ad-
vantageously placed in abutment against the floor P,
preferably by means of the base portion 71 of the support
column 70.
[0080] Preferably, in the arranging step, the blocking
elements 9’ are placed in the interference position, i.e.
they are engaged with the anchorage elements 9 in order
to maintain the support guide 7 and the support frame 2
constrained.
[0081] According to the invention, after the aforesaid
arranging step, the method also provides for a deforma-
tion step, in which the movement means 4 are actuated
to move the operative arm 3 from the lowered position
to the lifted position.
[0082] More in detail, in the deformation step, the thrust
portion 32 of the operative arm 3 in the lifted position
abuts against the terminal portion C1 of the flexible cable
C wound as a reel around the winding drum 102 and
bends such terminal portion C1 in order to curve it on the
reel (making it substantially adhere to the more external
coils of the reel).
[0083] Advantageously, in the deformation step the
movement means 4, and in particular the actuation de-
vices 40, exert a force on the thrust portion 32, in partic-
ular on the abutment bar 33, equal to or greater than that
necessary in order to plastically deform the flexible cable
C.
[0084] According to the idea underlying the present in-
vention, the method comprises, between the arranging
step and the deformation step, a step of adjusting the
work height H, in which the lifting means 5 are actuated
to move the support frame 2 along the movement direc-
tion X up to a specific work height H. In particular, such
work height H is for example defined as a function of the
size and/or height of the winding roller 102 or of the
number of coils of the reel wound around the latter, thus
allowing the operative arm 3, in the subsequent defor-
mation step, to appropriately reach the terminal portion
C1 of the flexible cable C.
[0085] More in detail, as illustrated in figures 5a and
5b, initially the adjustment step optionally provides that
the reaction members 61 are actuated to slide along the
relative action members 62 and brought to abutment
against the floor P.
[0086] Subsequently, as illustrated in figures 7a and
7b, the reaction members 61 are advantageously actu-
ated to further slide along the relative action members
62 into at least one extended position, in which they are
placed away from the support frame 2, imparting a lifting
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force to the floor P that is equal to or greater than the
weight of the bending apparatus 1 (at most minus the
weight support guides 7 and the lifting devices 6). Con-
sequently, the support frame 2 is subj ected to a force
such to bring it to the work height H. Once such desired
work height H is reached, the lifting device 6 is stopped.
[0087] Advantageously, before actuating the lifting de-
vices 6 in order to lift the support frame 2, the blocking
element 9’ is brought from the interference position to
the non-interference position, as illustrated in figures 6a
and 6b, so as to allow the connection sliding block 8 to
freely slide along the support guide 7.
[0088] Therefore, the adjustment step provides for, si-
multaneous with the actuation of the lifting device 6, the
relative sliding between the support guide 7 and the con-
nection sliding block 8.
[0089] In accordance with the preferred embodiment
of the invention, the adjustment step of the method then
provides for, with the reaction member 61 in abutment
against the floor P and with the blocking element 9’ in
the non-interference position, actuating the lifting device
6 up to bringing the support frame 2 to the predetermined
work height H with the connection sliding block 8 aligned
with the corresponding anchorage element 9 at the pre-
determined work height H.
[0090] As illustrated in figures 8a and 8b, the adjust-
ment step also advantageously provides for moving
(once again) the blocking element 9’ from the non-inter-
ference position to the interference position, in which the
blocking element 9’ intercepts the anchorage element 9,
rigidly constraining the connection sliding block 8 to the
support guide 7 in the corresponding said work height H.
[0091] In addition, as illustrated in figures 9a and 9b,
after the blocking element 9’ has been placed (or newly
placed) in the interference position, the reaction member
61 of the lifting device 6 is lifted from the floor P. In this
manner, the lifting device 6 is not subjected to strong
loads/stresses during the subsequent deformation step.
[0092] In particular, in the aforesaid figures the move-
ment of the reaction members 61 is indicated with the
arrows directed from/towards the floor P, while the move-
ment of the blocking elements 9’ is indicated with the
arrows directed from/towards the support guides 7.
[0093] The invention thus conceived therefore
achieves the pre-established objects.

Claims

1. Bending apparatus (1) for flexible cables (C) wound
as a reel, said bending apparatus (1) being intended
to be operatively associated with an equipment piece
(100) for winding/unwinding flexible cables (C) pro-
vided with a support structure (101) intended to be
abutted against a floor (P) and with a winding drum
(102) rotatably mounted on the support structure
(101);

said bending apparatus (1) comprising:

- a support frame (2), intended to be placed
below the winding drum (102) of the equip-
ment piece (100);
- an operative arm (3), which is mounted on
said support frame (2) and comprises:

- a constrained portion (31) rotatably
constrained to said support frame (2)
around a rotation axis (R);
- a thrust portion (32) spaced from said
constrained portion (31) and intended
to act in abutment against a terminal
portion (C1) of a flexible cable (C)
wound as a reel around the winding
drum (102) in order to plastically deform
the terminal portion (C1);

- movement means (4), which are mounted
on said support frame (2), are mechanically
connected to said operative arm (3) and are
actuatable to move said operative arm (3)
between at least one lowered position, in
which said thrust portion (32) is intended to
be spaced from the terminal portion (C1) of
the flexible cable (C), and a lifted position,
in which said thrust portion (32) is adapted
to abut against the terminal portion (C1) of
the flexible cable (C) in order to curve the
terminal portion (C1) on the reel;

said bending apparatus (1) being characterized
in that it comprises lifting means (5) mechani-
cally connected to said support frame (2) and
comprising at least one lifting device (6), which
comprises:

- at least one reaction member (61), adapt-
ed to interact with the floor (P);
- at least one action member (62), which is
engaged with the reaction member (61) in
a movable manner along a movement di-
rection (X) having at least one vertical com-
ponent, is connected to said support frame
(2), and is movable along said movement
direction (X) in order to position said support
frame (2) at multiple work heights (H).

2. Bending apparatus (1) according to claim 1, char-
acterized in that said lifting device (6) comprises at
least one linear actuator (60) having said first action
member (62) slidably constrained to said reaction
member (61) according to said movement direction
(X).

3. Bending apparatus (1) according to claim 1 or 2,
characterized in that said lifting means (5) com-
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prise:

- at least one support guide (7) extended accord-
ing to said movement direction (X) and intended
to be abutted against the floor (P);
- a connection sliding block (8) slidably con-
strained to said support guide (7) and connected
to said support frame (2).

4. Bending apparatus (1) according to claim 3, char-
acterized in that said lifting means (5) also com-
prise:

- a plurality of anchorage elements (9) placed
on said support guide (7) and positioned along
said movement direction (X) at corresponding
said work heights (H);
- at least one blocking element (9’) constrained
to said connection sliding block (8) and actuat-
able to be moved between an interference po-
sition, in which said blocking element (9’) inter-
cepts one of said anchorage elements (9), rigidly
constraining said connection sliding block (8) to
said support guide (7) in the corresponding said
work height (H), and a non-interference position,
in which said blocking element (9’) is released
from said anchorage elements (9), freeing said
connection sliding block (8) from said support
guide (7) with respect to displacements along
said movement direction (X).

5. Bending apparatus (1) according to claim 4, char-
acterized in that said anchorage elements (9) are
provided with corresponding first engagement holes
(91) made in said support guide (7), and said block-
ing element (9’) comprises at least one coupling pin
(90’) movable, transverse to said movement direc-
tion (X), between said interference position, in which
said coupling pin (90’) is, at least partially, inserted
in one of said first engagement holes (91), and said
non-interference position, in which said coupling pin
(90’) is placed outside said first engagement holes
(91).

6. Bending apparatus (1) according to claim 4 or 5,
characterized in that said connection sliding block
(8) is provided with at least one second engagement
hole (92) which, with said support frame (2) in one
of said work heights (H), is aligned with the first en-
gagement hole (91) of the corresponding said an-
chorage element (9), and in which said coupling pin
(90’) is inserted at least in said interference position.

7. Bending apparatus (1) according to any one of the
preceding claims, characterized in that said sup-
port guide (7) comprises at least one support column
(70) provided with a base portion (71) intended to be
abutted against the floor (P), and said connection

sliding block (8) is provided with at least one through
opening (81) traversed by said support column (70).

8. Bending apparatus (1) according to any one of the
preceding claims from 4 to 7, characterized in that
said support frame (2) has substantially quadrangu-
lar shape with at least four connection vertices (21);
wherein said lifting means (5) comprise at least four
connection sliding blocks (8) fixed to said support
frame (2) at the corresponding said connection ver-
tices (21), and four said support guides (7) with which
the corresponding said connection sliding blocks (8)
are slidably constrained.

9. Bending apparatus (1) according to any one of the
preceding claims, characterized in that the thrust
portion (32) of said operative arm (3) comprises an
abutment bar (33), which is extended substantially
parallel to said rotation axis (R) between two oppo-
site ends (33’); wherein said movement means (4)
are provided with at least two actuation devices (40)
each constrained to said abutment bar (33) at the
corresponding said end (33’).

10. Method for bending the terminal portion (C1) of a
flexible cable (C) wound as a reel, actuated by means
of a bending apparatus (1) according to any one of
the preceding claims, said method comprising:

- a step of arranging said bending apparatus (1)
below a winding drum (102) of an equipment
piece (100) for winding/unwinding flexible ca-
bles (C), in which said operative arm (3) is in
said lowered position;
- a deformation step, in which said movement
means (4) are actuated to move said operative
arm (3) from said lowered position to said lifted
position, in which the thrust portion (32) of said
operative arm (3) abuts against a terminal por-
tion (C1) of a flexible cable (C) wound as a reel
around said winding drum (102) and bends the
terminal portion (C1) in order to curve it on the
reel;

said method being characterized in that it compris-
es, between said arranging step and said deforma-
tion step, a step of adjusting the work height (H), in
which said lifting means (5) are actuated to move
said support frame (2) along said movement direc-
tion (X) up to a specific work height (H).

11. Method according to claim 10, actuated by means
of a bending apparatus (1) according to any one of
the claims from 4 to 7, characterized in that said
adjustment step provides for:

- with said reaction member (61) in abutment
against the floor (P) and with said blocking ele-
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ment (9’) in said non-interference position, ac-
tuating said lifting device (6) up to bringing said
support frame (2) to said specific work height
(H) with said connection sliding block (8) aligned
with the anchorage element (9) corresponding
to said specific work height (H);
- moving said blocking element (9’) from said
non-interference position to said interference
position, in which said blocking element (9’) in-
tercepts said anchorage element (9), rigidly con-
straining said connection sliding block (8) to said
support guide (7) in the corresponding said work
height (H).

12. Method according to claim 11, characterized in
that, after said blocking element (9’) has been placed
in said interference position, the reaction member
(61) of said lifting device (6) is lifted from the floor (P).
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