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IMPROVED PULLEY FOR HIGH-EFFICIENCY WINCH

The present invention dec

e

pulley for high-efficiency winch, of the ty

for transmitting mechanical energy by means of

traction forces applied to ropes connected to

48]

10 meving load.

high-efficiency winch 1s used 1in several

ONs, for lifting or moving

. = R
=1 Load;,

gqging a rope and transmitting energy by means of

a rope adapted to be wound.

Recently, the application of winches for

has become important in the

d energy, wherein
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-
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rnators and electronic

power apparatuses, are used for extracting kinetic

200 energy from wind and for converting the produced

mechanical energy intce electric energy.

LT

An important aspect in

Loi

-

recovering mechanical

enerqgy from ropes

connected to a moving load 1

given by the efficienc

the driving winch, fc

25  which: small percentages of energy imply a high
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heating of the driving pulleys and of the rope.
A process for extracting energy from wind
implies the use of high-resistance ropes. The rope

tension enerated by

with transverse

o

which the rope 1is

unwindi ng force

wind. Th
wound,

induced

the 1ift of a kite flying
2 pulley or the drum, on

rotates due to the
by the rope itself. The

mechanical power 1is generated by the combination of
the mechanical tension in the rope and the speed

10 with which the rops is stretched, being unwound
from the pulley.

The pulley or the drum, n which the rope 1is
wound, rotates due to the unwinding force induced
by the rope itself. During this process, the wind

15 kinetic energy 1s firstly converted into mechanical
energy, due to the friction between rope and
contact surface of the pulley or the drum; it 1is
then converted into electric enarqgy through
alternators connected to the winch.

20 During the conversion, enerqgy losses occur a
heat which heats the contact surface of the pulley
and increases the internal temperature of the rope
compromising the mechanlcal properties due to
overheating.

25 Conventicnal winches are not sultable for
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transmitting a great amount of energy due to thelr
low efficiency. When there is a high-power winch
aguipped  with high-resistance ropes, gven a2

relatively small part of lost power could be

&

5 c¢ritical. For example, a winch with = 97%

gfficiency, wused for manipulating & power of 1.5
MW, generates a 45 kW thermal flow which nust be
suitably dissipated to prevent the rope from
overheating. Together with the losses generated by

160 the bearings of the rotary elements, the heat flow
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ig mainly generate
rope and pulley.

Friction inside the rope 1is generated by
relative displacements and distortions of different

and braids, compesing the rope and

i5 wire

n

geometrically arrangsed in crder to mutually scraps,
On the other hand, friction between rope and pulley
is the necessary ingredient to allocw the winch to
extract energy f om the rope, while fricti
20 depending on any relative displacement betwsen rope
and pulley must pbe reduced to a minimum.
The architecture of & high-efficiency winch

e

must comply with two concepts: the rope moving

o))

long the winch 1s subjected to a tension gradient

joe)
A

assocliated with a distortion gradient depending on
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the nature of the material composing the rope; the
rope wound on a pulley for more than one

that the pulley rotates with
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respect to its own longitudinal axis, must
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longitudinal axis ¢f the pulley,
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in order to prevent rope sections with different

curvatures from overlapping.
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16 WO2011121272 discloses an applic

-
-

with the first concept, aimed to make more uniform

the distortion gradient, making the rope less

stressed and subiected to degrade effects. This

problem i3 solved with two co-penetrating pulleys,

scontinuous surface

I’"

each one of which defines a di

—
n

¢of the contact betwesen rope and drum.

oy

FrR1105165 discioses a ayout of a winc
dealing with the second concept, comprising pulleys
with cylindrical grooves whose diameter gradually

es or increases Dpeing adapted to  the

h

20 decrea

92}

different distortion status along the rope, so that
the groove with bigger diameter is in contact with
the rope section subjected to a high tension status
and vice versa.

25 Object of the present invention is solving the
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above prior art problems, by providing an improved
pulley for high-efficiency winch, in favor of a
higher energy productivity and a reduction cof the
power losses due to friction phenomena, and in

favor of a reducsd rope Wear.

wh

The above and other objects and advantages of
the invention, as will result from the following

description, are obtained with an improved pulley

1 s -

as claimed in claim 1 in contact

¥

h a sectiocn of

}..J -
el
bex

16 rope, included betwesn one terminal connescted to a
working load and anctehr terminal connected to a
resisting load, comprising a plurality of
periphearal supports elastically reacting with
respaect Lo at least one main inertial axis thereoct.

3 Preferred embodiments and non-trivial variations of
the present inwvention are the subjecht matter of the
dependent claims.

It is intended that all enclosed claims are an
integral part of the present description.

20 It will be immediately obvious thal numercous

variations and modificaticns {for example related

to shape, sizes, avrangements and parts with

eguivalent functicnality) could be made to what is

described, without departing from the scope ¢f the
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appears from the enclosed claims.
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The present invention will be better described
by some preferred embodiments therecf, provided as
a non-limiting example, with reference to the
enclosed drawings, in which:

Figure 1 shows a perspective view of a pulley

i)
|

according to the present invention connected to a

rope;
- Figures 2 and 3 show perspective views of

components belonging %o each peripheral support
16  connected to the pulley of Figure 1;

shows a front view of the pulley of

£
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- Figure 5 shows a sectional view, along a plane

passing for line V-V in Figure 4;

s - Figure 6 shows an enlarged part VI belonging
to Figure 4;
- Figure 7 shows an enlarged part VII belonging
to Figure 5:
- Figure 8 shows different configurations a, b,

200 ¢, along a plane ¥-Z of Figure 5, ¢f a connection
between element Dbelonging to each peripheral
support connected tc the pulley of Figure 1:;

- Figure 9 shows a diagram of configurations a,
b, ¢ of Figure 8;

25 - Figure 10 shows a combined system of several
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pulleys of the type shown in Figure 1;

Figure 11 shows a perspective view of a
peripheral support beliconging to 2 second embodiment

of the present invention:;

- Figure 12 shows a front view of the peripheral
support of the previous Figure;

- Figure 12 shows a secticnal view aiong line
XITI-XIITI of Figure 12;

- Figure 14 shows a side view o0f an operating

diagram of the peripheral support of Figure 11;
f L P :
- Figure 1% shows a perspective view of a

prismatic insert Dbelonging to the peripheral

-+

h

L

-t

support of Figure ]
sSuppor Y Figure 1

Figure 16 shows a side view of the insert of

Figure 15;

- Figure 17 shows a perspective view of a
peripheral support belonging to a third embodiment
of the present invention;

- Figure 18 shows a perspective view of a part

O
Hh

the previous Figure;

- Figure 19 shows a front view of the peripheral
support of Figure 17;
- Figure 20 shows a sectional view along line

PCT/IT2014/000081
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igure 21 shows a perspective
variation of the peripheral support of
and
- Figure 22 shot a perspective view
5 of Figure 21
With reference to Figure 1, 1t 1is po
note that at least one

included between

PCT/IT2014/000081

view of a
Figure 17;

of a part

to

a rope 1,
an inlet section 11 and an outlet
section 12, 1is wound by a fraction of revolution

10 around a pulley 2.

The pulley 2 1s composed of a disk 21 equipped
with a centra hole 22 used for centring and
joining with a shaft (not shown) connected to a

high-efficiency winch {(not shown).
15 The inlet section 11 and the outlet section 12
of the rope 1 are respectively
working

connected to a
{not shown) and a steorage device (not
shown} or another resisting load, accerding to a
tension gradient which establishes a mazximum
20 tension value at the inlet secticn 11 and a minimum
or null value at the outlet section 12,
Advantagecusly, the improved pulley Z
according to the present invention for winch in
contact with at least one of such sections of rope
25 1 dincluded between the inlet section 11 connected
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te the working lIcad and an outlet section 1Z
connected to the resisting load, comprises a
plurality of peripheral supports 3, 4, 5, ©
deformable depending on a length variation of the
5 section of rope 1 itself, due to such tension
gradient.
Nith reference to Figures 1, 2 and 3, 1t 1is
possible to note hat th disk 21 s=supports a
section o¢f rope 1 by means of a plurality of
i0  peripheral supports 3 uniformly arranged along a
circumference of such disk 21.
Tach peripheral support comprises:
- a structure 31 compcsed of at least one tig,
tapered in order to be slim and flexible wit
15 respect to a first inertial axis therecf, fat
and rigid with respect to a second inertial
axis thereof, eqguipped at the ends with holes
311 (hidden) and 312;
- at least one prismatic insert 32, comprising a
20 transverse groove 321 and a blind hole 322,
having a suitably tapered dorsal surface 323.
With reference to Figures 4 to 7, it 1is
possible to note that ch peripheral support 3 is
integral with the periphery of the disk 21 through
25  the tip 31. The tip 31 1s connected to the disk 21



WO 2014/174541 PCT/IT2014/000081
10

into an hole 23 obtained on the external

[

cilrcumferential wall of the disk 21 {as shown, for

5 connected to the tip 31 through a pin 34 inserted

into the hole 3172 and the hcole 322 {as shown, for

The rope 1 is wound by a fraction of a

revolution onto the pulley 2 through the contact

10 with the dorsal surface 323 of each prismatic

With reference to Figures 8 and 9, it 1is

o ible note that each peripheral support 3 can
be respectively made with a flexible engagement a,
15 a gid engagement b, a mechanism c, according to

the way with which tip 31 and prismatic insert 32

are Joined.

According to a wvariation of such firs
embodiment of the present invention, each
200 peripheral support 3 1s elastically connectad to

1

the two adjacent supports through a bumper 35 36
P ’ ’

composed of cvliindrical helical springs (as shown
£ ) 4

fer example, in Figure Z), housed in respective

walls of each prismatic insert 32, tangentic

-
joi]
-
-

e

25 operating in a plane X-Y orthogonal to the rotation
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axis of the pulley Z (as shown, for example, 1n
Figure 4), maki a pulley 2 equippe with an
elastic chain of 3.

Always according to such embodiment variation,

insert 32 is cquipped  with at least one
16 ircumferential groove 327 for gulding the rope 1

{as shown, for example, in Figure 7).
A second embodiment of the present inventicn
is described below.

With reference to Figures 11 to 16, it is

O

15 possibile to note that the disk 21 (not shown)

7

supports a section of rope 1 {(not shown) by means
of & plurality of peripheral supports 4 uniformiy
arranged along a circumference of the disk 21.
The disk Z1 comprises a peripheral ring
20 composed of a cylindrical band 24 surmounted by a
flange 25 crossed by a series of cylindrical holes
251 uniformly arranged on a circumference centered
with respect to the rotation axis of the pulley 2.
Each side wall 252, 253, of such flange 25

arranged series of grooves
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254 composed of a semi-circular section centered

with respect t uch c¢ylindrical hole 251 and
tangent to a palr of rectilinear sections goling out

5  for example, in Figure 14).
Each of such peripheral supports 4 comprises:

inclined, U-bent

[

- a structure 41 composed of an

pair of harmonic wires adapted to be radially

aligned by elastically deforming themselves
10 with respect to thelr own engaged end in ~h

of such grooves 254;
- a prismatic insert 42 delimited by side walls
421, 422, comprising a palr of rectilinear
grooves 423 adapted te house the end of such
15 suitably blocked harmonic wires 41.

P
1
L

Such prismatic inserts 42 are mobile elements

adapted to foliow the elongation of the section of

toi
n

rope 1 generated by the tension gradient which

developed in the section included between inlet and
20 outlet of the pulley 2.

This occurs through a reduction o¢f the

relative sliding speed between the rope 1 and such
prismatic inserts 42, containine such sliding

within a maximum value limited by the length cof the

25 arc subtending a dorsal surface 424 of each
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prismatic insert 42.
The prismatic inserts 4Z 1in contact with the
rope 1 through such dorsal surface 424 transmit the

load to such harmonic wires 41 engaged at the ends

5 into such grooves 254, 423, adapted to be deformed,
behaving as a beam with circular section

constrained at its ends by a double engagement.

4
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Due to the load transmitted by the

10 resting onto such straight line 255, each prismatic
insert 42 moves according to a trajectory which
goes away from the center of the pulisy 2. Such

trajectory is given Dby the combination of a

=

tangential transiation and a radial translation.
{5 In particular, the sum  of the radial
translation component of each prismatic insert 42

allows being egual to the elongation of the section
of rope 1 wound onto the pulley 2.
The individual prismatic inserts 42 therefore

200 move not only cilrcumferentially, but also radia

increasing 1in the section in contact with the rope

and decreasing in the free section.

5 Fach palr of U-bent harmonic wires 41 inserted
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in such grooves 254, 473, under load, a.

relative divergence adapted to allow the pr

insert 42z to rotate-transiate, compensat

relative rotation with respect to the

ya

lsmatic

ing the

pulley

center, thereby guaranteeing a constant tangential

alignment of such dorsal surface 424 with the rope

1, without reducing the contact surface and the

related adherence.

According to a preferred configuration
10 embodiment of the present invention, a pull

composed of 120 prismatic inserts 42, such

254 having a slant of 17.5° with respect

radius o¢f the circumference centered with the

t5 The set of such prismatic inserts 42 ca

a configuration with minimum radius adapted to

prevent the pulley 2 from collapsing under the rope

1 load. In such configuration with minimum

-

a front wal

20 ccurately abuts agalinst a rear wall 426

1 425 of each prismatic insert 42

following prismatic insert 42, thereby creating a

mechanical safety iimit switch with loads
than the foreseen ones.
In particular, such front wall 425 is

25 by a groove 427 adapted to contain therein a

higher

)

crossed

S

bumper
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43 made of elastomeric material.

Fach peripheral support 4 is tangentially
connected to twoe of saild adjacent supports through
such elastic elements 43 in order to form an

5 elastic chain.

Such bumpers 4

between the prismatic inserts 42, both in the free

section of the pulley 2, after its detachment from

w2z, and allow gradually modifying, without

vibrations or impacts, the configuration of the
pulley 2 during such detachment from the rope 1.

Under the no-lcad condition, such bumpers 43

allow contrasting the pre-lecading action o¢f s=such

I3 harmonic wires 41, slightly separating the

prismatic inserts 42 and aveiding to reach such

-

configuration with minimum radius.

3

[$xN
2

Undery the lcaded condition, such bumpers

-

enable the away movement and the radial movement
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200 the prismatic inser i

The pre-load of the harmonic wires 41 1is
obtained through a misalignment of about 2° between
the groove 423 in the prismatic insert 42 and the

rectilinear section of the groove 254 in the flange

Z25.
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Such prismatic insert 42 can be coated, in 1its
dorsal surface 424 in contact with the rope 1, with

elastomeric material or be integrally composed of

such material, allowing to 1increase the friction

s  coefficient between the prismatic insert 42 and the
rope 1. Thereby, the adherence status is guaranteed
and, through 1its own distortion, the minimum
elongation which the rope 1 anyway develops on an
individual prismatic insert 4Z, 1s recovered.

10 A third embodiment of the present invention is

described below.
With reference to Figures 17 to 20, it 1is

pcssibile to note that the disk 21 (not shown)
supports a section of rope 1 (not shown) by means
15 of a plurality of peripheral supports 5 uniformly

arranged along a circumference of the disk 21.

The disk 21 comprises a peripheral ring

composed ©f a cylindrical band 26 surmounted by

js%)

sy

flange 27 crossed by a series of cylindrical holes

20 271 uniformly arranged on a circumference centered

with respect to the rotation axis of the pulley Z.

Each side wall 272, 273, of such flange 27

)
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forml
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rrange grooves

[

comprises a un
N

274 adapted to delimit the angular stroke of each

25 of such peripheral supports & by means of an

£
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abutment by a certain angle with

respect to the radius passing by the center of the
pulley 2 {as shown, for example, in Figure 17).
BEach of such peripheral supports 5 comprises:

- a structure 51 composed of an inclined palr of
connecting rods adapted to be radially aligned
by rotating with respect to their own hinged
end in such hole 71 through a pin 511 and

53

pressed against such abutment 275 through an

elastic spring 512 operating aiong the axis of

(@21
NS
[

<

- a prismatic insert 52  having a pin

connected to a free end of such connecting

[
O
Q.
O]
W
ot

Such prismatic inserts 52 behave in the same

way as the prismatic inserts 42 allowing to have

the same elongation of the section of rope 1 wound

,\
9
—
-

-+
N

to the pulley 2.

Such connecting rods 51, slanted with respect
to the radial direction, can rotate with respect to
thelr own fulcrum aleng such pin 511 under the
action of the rope tensicn, allowing the prismatic
insert 52 to move, increasing the distance from the

rulley center, thereby following the rope

PCT/IT2014/000081
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The rotation axis of such pin 521 is located

above the contact point of the rope 1 with respec

W

to a dorsal surface 524 of such prismatic inser
52. Due to this, a rotation of the prismatic insert

52 under the pressure of the rope 1 occurs by

N

-

keeping constant the length of the section of rope

1 in contact with such dorsal surface 524.

93}

onstrasting action of the rvope i
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given to the stiffiness of such pre-licaded elastic

With sference to Figures 21 and 22, it is
15 possible te note that a wvariation of such
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embodiment of the present invention consi

peripheral suppoert 6 comprising a pre-loaded

elastic spring ©12 operating along the axis of a

20 connecting rods 61, giving the chance of having an
elastic response which is not linear, but
increasing during the rotation of such connecting
rod 61 with respect to a pin 611.

rismatic insert 62 comprises a strongly

surface 624 equipped with holes
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adh

ering catch with the
rope 1.
A bumper 63 made of elastomeric material 1is
fastened to such prismatic insert 62 through a
5 screw.

The plurality of peripheral supports 3, 4, 5,
¢ make a discontinuous contact between rope 1 and
pulley 2 able to make tension gradient discrete
along the secticn of reope 1 included between the

10 ends 11 and 12.

The pulley 2, coupled with the plurality of
peripheral supperts 3, 4, 5, 6, reaches the object
of the invention, having made discrete the tension
gradient of the rope wound onto the periphery of

15 the pulley 2.
In particular, the adopted soluticns allow
nullifying the tension

of rope lackin

g contact

w2

~

gradient along each section

with the peripheral support

radlial profile of each peripheral support
3, 4, &5, 6, measured in a plane X-Z {(as shown, for
example, in Figure 5, 18 subjected To an
exponential function to be adapted to the tension
gradient variable along the rope 1.
25 Each peripheral support 3, 4, 5, ¢©

can be
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coupled with a lcead <=l that measures the
distortion status and computes its load line

induced by the rope 1.

The elastic behaviour, induced by the
5 peripheral supports 3, 4, 5, & on the pulley 2, is

exploited in a winch comprising a device (not

-

shown) capable of stering and gulckly releasing,
during its tensioning, a certain amount of the rope
1 from the part 11 with high tension, or the part

10 12 with low tension.
Such slastic behavicur 1s exploited in a winch
comprising a device (not shown) capable  of

regulating and limiting the tension of the rope

from the part 11 with high tension, or the part 12

15 with low tension.

A winch, composed of at least one pulley 2
aguipped with peripheral supports 3, 4, 5, 6,
supports and guides a rope 1 wound by a revolution,
such rope 1 being stored in a low tenslion status.

20 A winch is composed of n pulleys 2 equipped
with peripheral suppocrts 3, 4, %, &, at least two
of which pulleys are motored.

A winch is composed of four motored pullevs 2,
aguipped with peripheral supports 3, 4, 5, 6, said

25 pulleys 2 being arranged on the vertexes of an
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ideal rectangle (as shown, for example,
10).

A winch 1is composed of four motored

equipped with peripheral supports 3, 4,

5 pulleys 2 beiong arranged along rotation

are not mutually parallel.

PCT/IT2014/000081

in Figure

pulleys 2,
5, 6, said

axes which
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i. Improved pulley (2) for a winch, in contact

Y
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with at least one section of rope incliuds

between an inlet section (113 connected to a

wh

working load and an cutlet section {12} connected
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characterized in that each of said peripheral
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e
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wn
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support comprises at least one
structure (31, 41, 51, ©1) adapted to support at

least one prismatic insert {32, 42, 52, 62}

I35 adhering to said section of rope (1).

3. Improved puilley {2} accerding to the previous
claim, characterized in that each of said
structures {31, 4%, 51, 61) is shaped s  to

20 move according to a combination of & tangential
directicon and a radial direction.
4. Improved pulley (2) according to any one of

the revious c¢laims, characterized in that each of

o)

(1

said peripheral supports (3) comprises at least one

(3%
(&)

tapered tip in order to be slim and flexible with
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respect to a first inertial axis thereof, fat and
rigid with ©respect to a second 1inertial axis

Improved pulley (2} according to the previous

(@7

s claim, characterized in that said tip of each of

said peripheral ports (3} has a first inertial

G}
o
[®}

axis thereof parallel to a rotation axis of said

6. Improved pulley (Z) according to the previous
10 claim, characterized in that a section of saild rope

—
[y
~—

is radially connected to said tip through at
least one of said prismatic insserts (32).
7. Improved pulley (2} according to any one of

the previous claims, characterized in that a dorsal

323) of each of saild prismatic inserts

15 surface
{32) is equipped with at least one circumferential
groove (327) for guiding said rope (1).
8. Improved pulley (2Z) according to claim 2,
characterized in that said structure (31 is

20 composed of at least one slanted tip adapted to be
radially aligned Dby elastically deforming with
respect to an engaged end thereof.

9. Improved pulley (2) according to claim 2,

characterized 1in that sald structure (41) is

25  composed o©f at least one inclined pair of U-bent
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harmonic wires adapted to be radially aligned by
elastically deforming with respect to an engaged
end thereof.
10. Improved pulley (Z2) according to claim 2,
5 characterized 1n that sald structure {51) is
composed of at  least one inclined ©pair of
connecting rods adapted to be radially aligned by
rotating with respect to an elastically hinged end
thereof
i 11. Improved pulley (2} according to claim 3,
haracterized in that said structure (1)
composed of at least one
connecting

o)

: air
rods adapted to be radially

aligned by
ect to a hinged end thereof, said
connecting rods being elastically contrastesd in an
intermediate point.

12. Improved pulley (2) according to any one of
the previous claims, characterized in that each of
said peripheral support (3, 4, 5, &) 1is connected

2 to two of said adjacent ripheral through bumpers
(35, 3¢, 43, 53, €63) in order to form a elastic
chain.
13. Improved pulley (2} according to the previous
claim, characterized in that sald elastic elements
(35, 36) are cylindrical helical s
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14. Improved pulley (2) according to any one of
the previous claims, characterized in that & radial
profile of each of said peripheral supports (3, 4,
5, 6), measured in a plane X-Z parallel to said
5 rotation axis of said pulley (Z2), is subjected to
an exponential function to be adapted to a tension
gradient variable along said rope (1).
15. Improved pulley (2} according to any one of
the previous c¢laims, characterized in that each of
10 said peripheral suppcerts (3, 4, 5, 6) 1is coupled
with a load cell that measures a distortion status
and computes 1ts load line induced by said rope

(1.



