wo 20137128372 A1 [N N0F 0000 O 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/128372 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Filing Date:
26 February 2013 (26.02.2013)

Filing Language: Italian
Publication Language: English
Priority Data:

VR2012A000033 28 February 2012 (28.02.2012) IT

Applicant: HORVATH, Ildiko [—/IT]; Via Valle dei
Molini, 1/A, 1I-37010 Costermano (IT).

Inventor: BERTI, Roberto; Via Valle dei Molini, 1/A, I-
37010 Costermano (IT).

Agent: BORTOLUZZI, Daniele; Con Lor Spa, Via A.
Sciesa, 9, [-37122 Verona (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

6 September 2013 (06.09.2013) WIPO I PCT
International Patent Classification:
F16H 25/22 (2006.01)
International Application Number:
PCT/IB2013/051533

(84)

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: SCREW-NUT ASSEMBLY WITH ROLLING ELEMENTS

10
; 25 4

\ 12 |

4

|
as;i‘i;

3 %
RS

12

Fig. 1

(57) Abstract: The present invention refers to a screw - nut screw coupling

(10; 110) adapted to couple a screw (14; 114) to a nut screw (12; 112), said

3 screw (14; 114) being adapted to be rotated about a first axis of rotation (15;

£ 115) oriented in a first direction, and said nut screw (12; 112) being ar-

32 ranged to surround, at least partially, the screw (14; 114), and said screw -

nut screw coupling (10; 110) comprises at least a coupling element (24, 32;
124, 132) which couples the screw (14; 114) to the nut screw (12; 112).
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TITLE

SCREW-NUT ASSEMBLY WITH ROLLING ELEMENTS

DESCRIPTION

The present invention refers in'general to a screw — nut screw coupling.
More particularly, it refers to a screw — nut screw coupling that improves the
performance through its particular configuration.

The screw — nut screw couplings of the prior art, commonly referred to as
re-circulating ball screws, consist of a threaded shaft surrounded by a nut with
integrated balls and a re-circulating ball mechanism.

The re-circulating ball screws are the most commonly used types of control
for industrial machines and precision instruments.

In fact, a re-circulating ball screw allows to transform a rotary motion into a
linear motion and vice versa, in applications requiring high precision levels, motion
reversibility and efficiency.

Unlike the trapezoidal screws operating with sliding friction, the re-
circulating ball screws operate with rolling friction as a result of the presence of
balls, each ball being free to rotate about an axis parallel to the screw and each
ball being interposed between screw and nut screw.

To prevent said balls from escaping out of the coupling, re-circulating ball
systems are carried out to obtain a rolling path that deviates, at least for a portion,
from the grooves formed on the screw and nut screw.

Several typologies of re-circulating ball screws are known. Said screws are
obtained with particular constructions of the nut surrounding the screw. For
instance, the recirculation may be obtained through one or more circuits with an

external recirculation tube or one or more circuits with internal deflector.
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The typology adopted to obtain the recirculation of the balls affects the
maximum speed of rotation of the screw or nut screw, the load capacity of the
system and the rigidity of the nut screw.

The re-circulating ball screws are not adapted to support an axial load, for
instance in case of a screw which rotates about an axis of rotation which is not
perfectly horizontal to the ground.

Besides, the presence of the recirculation complicates the construction and
the realization of the coupling. In addition, the assembly is laborious and requires
skilled labor.

Another known typology of screw — nut screw coupling is commonly
referred to as planetary roller screw in which the coupling elements between
screw and nut screw are threaded rollers interposed between screw and nut
screw. The features of the coupling depend on the typology of thread formed on
the rollers and consequently on the screw.

It is possible to use threads with thinner pitch than the threads formed on
the re-circulating ball screws so that a greater number of contact points is obtained
and heavier loads and higher speeds are possible.

The planetary rollers rotate about an axis of rotation parallel to the axis of
rotation of the screw and their construction is complex.

The construction of the planetary roller screws is complex and the
manufacturing costs are high. Besides, their working must take place with an axis
of rotation parallel to the ground otherwise the performance gets worse.

An aim of the invention is to obviate the above mentioned drawbacks and
further ones through a screw — nut screw coupling whose use is more flexible as

this coupling may support also axial loads.
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Another aim of the invention is to carry out a screw — nut screw coupling
offering a good performance on avoiding the presence of a recirculation of balls or
planetary rollers.

All the above aims and further ones are achieved according to the invention
through a screw - nut screw coupling adapted to couple a screw with a nut screw,
said screw being adapted to be rotated about a first axis of rotation oriented in a
first direction, and said nut screw being arranged to surround, at least partially, the
screw. The screw - nut screw coupling comprises one or more coupling elements
which couple the screw to the nut screw. The screw — nut screw coupling is
characterized by the fact that the one or more coupling elements rotate about a
second axis of rotation, oriented in a second direction which is different from the
first direction.

Since the coupling element rotates about an axis of rotation oriented in a
direction different from that of the axis of rotation of the screw, the coupling
element may rest and/or roll on surfaces different from those on which a ball in a
re-circulating ball coupling or in a planetary roller coupling rests and/or rolls so that
it is possible to obtain coupling elements which may support loads oriented in
directions different from the radial directions to the screw, for instance loads
oriented in axial directions to the screw.

Advantageously, said second axis of rotation is substantially perpendicular
to the first axis of rotation about which the screw rotates. The axis of rotation,
substantially perpendicular to the axis of rotation about which the screw rotates,
allows to obtain coupling elements which are able to best support loads oriented in
directions substantially axial to the screw.

In addition, said second axis of rotation may be integral with the screw or
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alternatively, said second axis of rotation may be integral with the nut screw. The
so-described construction allows to make the axis of rotation of the coupling
element integral with the screw or with the nut screw, which allows to select the
most comfortable construction or the construction that meets certain criteria for the
planning of the screw — nut screw coupling.

Advantageously, the one or more coupling elements may be pivoted to the
nut screw and the screw may comprise guiding means on which the one or more
coupling elements roll or alternatively in which the one or more coupling elements
may be pivoted to the screw and the nut screw may comprise guiding means on
which the one or more coupling elements roll. In this way, the one or more
coupling elements are pivoted to the screw or nut screw and are not free to move
in respect to the screw or nut screw so as to avoid the presence of a recirculation
or planetary rollers. Besides, it is possible to choose once again to pivot the one or
more coupling elements fo the screw or nut screw by selecting the more
comfortable construction or the construction meeting certain planning criteria of
the screw — nut screw coupling.

Advantageously, the screw - nut screw coupling may comprise a first helix
and a second helix, of which the first helix has the same pitch as the second helix
and a shorter radius than the second helix, and the one or more coupling elements
may be pivoted at a first end to the first helix and at a second end to the second
helix. The presence of the first helix and second helix allows to pivot the coupling
elements to elements that may be carried out regardless of the screw or nut screw
and in some cases, it is poséible to obtain a more solid and stable connection for
the coupling elements.

Advantageously, the first helix may be bound to the screw or alternatively,
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the second helix may be bound to the nut screw. In binding the first helix to the
screw, a substantially cylindrical shaft is usable and the first helix may be bound to
the outer surface of said shaft on simplifying the construction of the screw.
Alternatively, in binding the second helix to the nut screw, it is possible to use a
nut screw without internal thread, the second helix being bound to the internal
walls.

Advantageously, a first coupling element is pivoted by means of a first pin
and a second coupling element is pivoted by means of a second pin. In case a
thread having a rectangular profile is obtained on the nut screw, into which thread
the screw can be screwed, a first groove is obtained on a first side of the thread of
the nut screw and the first coupling element rolls on said first groove, and a
second groove is obtained on a second side of the thread of thé nut screw and the
second coupling element rolls on said second groove, respectively while in case a
thread having'a rectangular profile is obtained on the screw, a first groove is
obtained on a first side of the thread of the screw and the first coupling element
rolls on said first groove, and a second groove is obtained on a second side of the
thread of the screw and the second coupling element rolls on said second groove,
respectively.

Advantageously, said coupling element has an oblong shape in the
direction of its axis of rotation. In addition, said coupling element may be shaped
like an ellipsoid.

Further features and details of the invention will be better understood from
the following specification which is provided as a non-limiting example as well as
from the accompanying drawing, wherein:

Figure 1 is a schematic view, in section, of a screw — nut screw coupling
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according to a first embodiment of the invention;

Figure 2 is a schematic view, in section, of a screw — nut screw coupling
according to a second embodiment of the invention.

With reference to the accompanying figures, number 10 denotes a screw —
nut screw coupling on the whole.

The screw — nut screw coupling 10 comprises a first nut screw 12 which
surrounds a first screw 14 partially. The first screw 14 comprises a shaft 16 to
which a first narrow helix 18 is constrained by means of a key. Obviously, different
fixing methods equivalent to the key 22 may be utilized.

A first coupling element 24 showing an ellipsoidal shape is pivoted to the
first narrow helix 18 by means of a first pin 26. The first pin 26 passes through the
first coupling element 24 and is pivoted on a first large helix 20.

The first narrow helix 18 surrounds the shaft 16 and forms a spiral having a
certain pitch and is at a constant distance from the axis of rotation 15 of the shaft
16. Likewise, the first Iérge helix 20 forms a spiral having the same pitch as the
first narrow helix 18 but it is at a greater distance from the axis of rotation 15 than
the first narrow helix 18.

Figure 1 shows only a portion of the first narrow helix 18 and a portion of
the second large helix 20 which portions correspond to a winding but it is to be
intended that on applying a screw — nut screw coupling according to the invention,
the shaft 16 may be wrapped by a high number of windings.

A thread with a rectangular cross-section is obtained on the first nut screw
12. The first screw 14 may be screwed into said thread.

A first groove 30 is obtained on a first side 28 of the thread of the first nut

screw 12 and is shaped like an arc of a circle. The first coupling element 24 is in
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contact in at least one point of the first groove 30 so as to rotate about the first pin
26 on maintaining the first narrow helix 18 and the first large helix 20 spaced from
the first side 28.

A second coupling element 32 is hinged to the first narrow helix 18 and to
the first large helix 20 by means of a second pin 34. The second coupling element
32 rolls on a second groove 38 obtained on a second side 36 of the thread of the
nut screw 12. |

Besides, the second cou'pling element 32 keeps the first narrow helix 18
and the first large helix 20 spaced from the second side 36.

The first coupling element 24 and the second coupling element 32 are
sp_aced from each other so that it is not possible for them to come into contact with
each other. In fact, the first pin 26 and second pin 34 are pivoted at a
predeterminéd distance along the main direction of the axis of rotation 15 of the
shaft 16. Each respective axis of rotation of the first coupling element 24 and
second coupling element 32 intersects the axis of rotation 15 and has a radial
development from said axis of rotation.

A series of coupling elements corresponding to the first and second
coupling element 24 and 32 are pivoted to the first narrow helix 18 and first large
helix 20 so as to rotate on the first groove 30 and second groove 38 alternately.

The first nut screw 12 may be obtained, for instance, on a flange nut
adapted to be bound to a carriage of a machine tool, and the first screw 14 may be
coupled, for instance, to a motor which rotates said screw so that a rotation of the
screw 14 involves a translation of the nut and a consequent displacement of the
carriage.

According to a variant of the invention as it appears from Figure 2, a screw
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— nut screw coupling 110 comprises a nut screw 112 surrounding a screw’114
partially. The screw 114 comprises a shaft 116 on which a thread showing a
rectangular profile is obtained.

A large helix 120 is bound to the nut screw 112 so as to form a single body.
Obviously, different fixing methods may be utilized, which are to be considered as
equivalent to the one-body binding.

A first ellipsoid-shaped coupling element 124 is pivoted to the large helix
120 by means of a third pin 126. The first pin 126 passes through the first coupling
element 124 on pivoting thus on a narrow helix 118.

The narrow helix 118 surrounds the shaft 116 at a distance without contact
on forming a helix having a predetermined pitch and is at a constant distance from
the axis of rotation 115 of the shaft 116. Likewise, the large helix 120 forms a helix
having the same pitch as the second narrow helix 18 but at a greater distance
from the axis ofvrotation 156 than the second narrow helix.

Figufe 2 shows only a portion of the narrow helix 118 and a portion of the
large helix 120 which portions correspond to a winding but it is to be intended that
in the application of a screw ~ nut screw coupling according to the invention, the
shaft 116 may be wrapped by a greater number of windings.

A first groove 130 shaped like an arc of a circle is obtained on a first side
128 of the thread of the screw 114. The first coupling element 124 is in contact in
at least one boint of the third groove 130 so as to rotate about the first pin 126 on
keeping the narrow helix 118 and the large helix 120 spaced from the first side.

A second coupling element 132 is pivoted to the narrow helix 118 and large
helix 120 by means of a second pin 34. The second coupling element 132 rolls on

a second groove 138 obtained on a second side 136 of the thread of the screw
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114.

Besides, the second coupling element 132 keeps the narrow helix 118 and
the large helix 120 spaced from the second side 136.

The first coupling element 124 and the second coupling element 132 are
spaced from each other so that they do not come into contact with each other. In
fact, the first pin 126 and the second pin 134 are pivoted at a predetermined
diétance along the main direction of the axis of rotation 115 of the shaft 116. Each
respective axis of rotation of the first coupling element 124 and second coupling
element 132 intersects the axis of rotation 115 and has a radial development from
said axis of rotation.

As is described in relatioh to the coupling 10, the nut screw 112 may be
obtained, for instance, also on a flange nut adapted to be constrained to a carriage
of a machine tool, and the screw 114 may be coupled, for instance, to a motor
which rotates said screw.

According to another variant of the invention, a screw — nut screw coupling
may be provided with a removable narrow or large helix so that said helix may be
removed and it is possible to have access to the coupling elements to replace
them or to attend to a general maintenance.

The particular configuration of the coupling elements and grooves obtained
on a side of the threads in the nut screw and/or screw according to the invention
allows to obtain a screw — nut screw coupling which works without utilizing a
complex recirculation of balls or planetary rollers as in the couplings of the prior
art.

In addition, the screw — nut screw coupling according to the invention may

be used also in case of axial load or mixed load so that a higher flexibility of
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utilization is obtained.

The particular conformation of the rolling surfaces of the screw — nut screw
coupling according to the invention allows to operate also with axes of rotation of
the screw which are not parallel to the ground, for instance axes of rotation of the
screw which are perpendicular to the ground, contrary to the couplings of the prior
art.

A technician of the sector can make further changes or variants which are
to be considered as included in the scope of protection of the present invention.
For instance, grooves and profiles showing shapes different from a thread with a
rectangular profile may be obtained on the screw and/or nut screw, or the coupling
elements may have shapes different from the ellipsoid shape such as a spherical
shape or a cylindrical shape. In addition, one or more coupling elements may be
pivoted to the screw and/or the nut screw directly so that it is possible to avoid a

use of a large helix and/or a narrow helix.
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CLAIMS
1)Screw-nut screw coupling (10; 110) adapted to couple a screw (14; 114) with a
nut screw (12; 112), said screw (14; 114) is adapted to be rotated about a first axis
of rotation (15; 115) oriented in a first direction, and said nut screw (12; 112) is
arranged to surround, at least partially, the screw (14; 114), and said screw-nut
screw coupling (10; 110) comprises at least a coupling element (24, 32; 124, 132)
which couples the screw (14; 114) with the nut screw (12; 112);
characterized by the fact that the at least a coupling element (24, 32; 124, 132)
rotates about a second axis of rotation (26, 34; 126, 134), oriented in a second
direction which is different from the first direction.
2) Screw-nut screw coupling (10; 110) according to claim 1, wherein said second
axis of rotation (26, 34, 126, 134) is substantially perpendicular to the first axis of
rotation about which the screw rotates.
3) Screw-nut screw coupling (10; 110) according to any of the preceding claims,
wherein said second axis of rotation (26, 34; 126, 134) is integral with the screw
(14; 114) or alternatively, wherein the second axis of rotation (26, 34; 126, 134) is
integral with the nut screw (12; 112).
4) Screw-nut screw coupling (10; 110) according to any of the preceding claims,
wherein the at least a coupling element (124, 132) is pivoted on the nut screw
(112) and the screw (114) comprises guiding means (130, 138) on which the at
least a coupling element (124, 132) rolls or alternately wherein the at least a
coupling element (24, 32) is pivoted on the screw (14) and the nut screw (12)
comprises guiding means (30, 38) on which the at least a coupling element (24,
32) rolis.

5) Screw-nut screw coupling (10; 110) according to any of the preceding claims,
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wherein the screw-nut screw coupling (10; 110) comprises a first helix (18; 118)
and a second helix (20; 120), of which the first helix (18, 118) has the same pitch
as the second helix (20; 120) and a shorter radius than the second helix (20; 120),
and wherein the at least a cou;lpling element (24, 32; 124, 132) is pivoted at a first
end on the first helix (18; 118) and at a second end on the second helix (20; 120).
6) Screw-nut screw coupling (10) according to claim 5, wherein the first helix (18)
is bound to the screw (14).

7) Screw-nut screw coupling (10; 110) according to claim 6, wherein a first
coupling element (24; 124) is pivoted by means of a first pin (26; 126) and a
second coupling element (32; 132) is pivoted by means of a second pin (34; 134),
and a thread having a rectangular profile is obtained on the nut screw (12), into
which thread the screw (14) can be screwed, and wherein a first groove (30) is
obtained on a first side (28) of the thread of the nut screw (12) and the first
coupling element (24) rolls on said first groove (30), and a second groove (38) is
obtained on a second side (36) of the thread of the nut screw (12) and the second
coupling element (32) rolls on said second groove (38), respectively.

8) Screw-nut screw coupling (110) according to claim 5, wherein the second helix
(118) is bound to the nut screw (114).

9) Screw-nut screw coupling (10; 110) according to claim 8, wherein a first
coupling element (24; 124) is pivoted by means of a first pin (26; 126) and a
second coupling element (32; 132) is pivoted by means of a second pin (34; 134),
and a thread having a rectangular profile is obtained on the nut screw (12), and
wherein a first groove (130) is obtained on a first side (128) of the thread of the
screw (114) on which first groove (130) the first coupling element (124) rolls, and a

second groove (138) is obtained on a second side (136) of the thread of the screw
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(114) -on which second groove (138) the second coupling element (132) rolls,
respectively.

10) Screw-nut screw coupling (10; 110) according to any of the preceding claims,
wherein said coupling element (24, 32; 124, 132) has an oblong shape in the

direction of its axis of rotation (26, 34; 126, 134).
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