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POWER TRANSMISSION BELT

DESCRIPTION

5 Field of the invention

The present invention discloses a load-bearing belt. Said belt is adapted, in
particular, for use in the drive system of an elevator. The invention also relates

to a belt drive system and an elevator including said drive system.
Prior art

10 A known embodiment for a load-bearing belt comprises a plurality of tensile
elements encapsulated in a case. Such load-bearing belts are widely used, for

example, to suspend the cabin of an elevator.

Known load bearing members for elevators include conventional ropes and
belts reinforced by internal tensile members. In modern elevators, a reinforced
15 load-bearing belt is generally preferred to ropes because of a number of
advantages including, for example, reduced diameter of the sheaves. GB-A-
1362514 discloses a traction member for elevators having a number of steel
cords encapsulated in a plastic medium. WO 2011/032787 discloses a traction
member comprising a plurality of tensile ropes encapsulated in a case, said
20 case having a flat non-working surface and a concave working surface, for
contact with a sheave of the drive assembly of an elevator, and where the

tensile ropes lie in a plane which is parallel to said non-working surface.
More in detail, prior-art belts for elevators include flat belts and toothed belts.

A flat belt has a substantially flat surface for contact with the sheave. This kind
25 of beltis simple and has a low cost; however it suffers some drawbacks. With
a flat contact surface with the sheave, the transmissible torque depends purely

on the friction between the sheave and the belt. It has been observed that a
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flat belt is highly sensitive to the environment and can easily slip if
contaminated with oil or water. Another drawback is that a flat belt can be
deviate from a centered position relative to the sheave; such deviation may
induce a stress other than pure traction, which is detrimental for the life of the
belt.

A toothed belt overcomes the disadvantage of slipping because the teeth of
the belt engage recesses on a ftraction sheave and, hence, slipping is
prevented. However the conventional toothed belts has proven to produce a
significant noise. In this respect, a disadvantage of a toothed belt is that
deflection (idle) sheaves must also have the same recesses of a traction
sheave, for a proper engagement with the belt, despite the fact that they need
not transmit torque. Hence a deflection sheaves produce more contact noise
than necessary. Moreover, a conventional toothed belt does not solve the

problem of centering since the teeth may slip in the transverse direction.

Summary of the invention

The present invention aims to overcome the above drawbacks. This aim is
reached with a load-bearing belt comprising a plurality of tensile elements
encapsulated in a case, and a working side for contact with sheaves, said

working side comprising:

- at least one row of tooth members projecting from the surface of said
working side, thus forming at least one toothed band portion of said working

side, and

- at least one non-toothed band portion with a flat surface for contact with at

least one sheave.

The term of longitudinal band is used to denote a stripe extended lengthwise

on the working side of the belt.

The number of row or rows of tooth members may vary. In a first embodiment,

for example, the working side of the belt comprises two lateral rows of tooth
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members leaving a non-toothed band in the middle of the belt; in a second
embodiment which could be seen as specular to said first embodiment, the
belt has one central row of tooth members leaving two lateral non-toothed

bands.

The tooth members are designed to transmit the full torque or at least a
fraction thereof. In some embodiments also the non-toothed flat band(s) may
contribute to torque transmission. In a preferred embodiment, the radial load is
substantially born by the flat portion(s) of the belt, whilst the traction is born by
the toothed portion(s).

The cross section of the tooth members can be, for example, rectangular or, in
some preferred embodiments, tapered from base to tip with front and rear

surfaces inclined relative to the surface of the working side.

In some embodiments the tooth members are inclined. An inclination of tooth
members can be defined as the angle formed by a direction perpendicular to
front or rear surfaces of the tooth members, when projected on the plane of the
working side of the belt, and the longitudinal direction of the belt. Said angle is
null in straight (non-inclined) embodiments. In a preferred embodiment with
inclined tooth members, said angle is 30 to 60 degrees and more preferably

around 45 degrees.

According to an embodiment, the belt comprises a left row and a right row of
toothed members with opposite angle of inclination, leading to tooth members

appearing in a “chevron” or “fish bone” arrangement.

A ftraction sheave designed for operation with the inventive belt has an
appropriate distribution of recesses for engagement with the tooth members,

and a flat surface for contact with the flat (non-toothed) part of the belt.

A deflection sheave may have one or more grooves for accommodation of the
row or rows of tooth members on the belt. More preferably, only the flat part of

the belt is in contact with the surface of a deflection sheave. To this purpose, a
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deflection sheave may have a groove or a plurality of grooves in
correspondence of the row or rows of tooth members, and the depth of said
groove(s) is greater than the projection of the tooth members in such a way
that the top surface of the tooth members does not come into contact with the

bottom surface of said groove(s).

The invention provides a hybrid load-bearing belt including features of a flat
belt and of a toothed belt. Said belt is preferably used for an elevator and more

preferably for an elevator without counterweight.

A first advantage is that the tooth members avoid the slipping drawback of
conventional fully flat belts and at the same time they ensure a proper traction.
Another advantage is that the tooth members provide a self-centering feature
upon engagement with corresponding recesses of a sheave. Another
advantage is that the contact area with idle sheaves can be reduced and
hence the operation is less noisy. A further advantage of the “fishbone”
embodiment is a progressive, smooth engagement between the toothed
members and the respective recesses of a traction sheave, thus allowing a
further reduction of noise.

The tensile elements may have a circular cross section (wires) or any non-
circular cross section. According to preferred embodiments, the tensile
elements are metal wires but non-metal tensile elements could also be

adopted. The case may be made of a suitable plastic material.

An object of the invention is also a belt drive system comprising said belt. In
preferred embodiments, the belt drive system includes at least one toothed
sheave and at least one non-toothed sheave. Preferably, a toothed sheave
acts as traction sheave and a non-toothed sheave acts as deflection sheave.

More preferably a belt drive system according to the invention comprises:
- at least one toothed sheave;

- at least one non-toothed sheave;

PCT/EP2011/071007
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- a belt wherein a plurality of tensile elements are encapsulated in a case
and the belt has a working side for contact with sheaves, said working side

comprising:

- at least one row of tooth members projecting from the surface of said
working side, thus forming at least one toothed band portion of said

working side, and

- at least one non-toothed band portion with a flat surface for contact with
a non-toothed sheave.

A preferred and important field for application of the present invention is the
field of elevators and more preferably of elevators without counterweight.
Hence the belt drive system of the invention is preferably a drive system of an
elevator and more preferably of an elevator without counterweight. Small
elevators without a counterweight (homelifts) are suitable in particular for
serving a small number of people and a small number of floors; they are
attractive in particular for new buildings under construction as well as
renovation of old buildings where installation of a conventional elevator with

counterweight is impossible or too expensive.

These and other advantages of the invention will be elucidated hereinbelow

with reference to preferred and non-limiting embodiments.

Description of the figures

Figs. 1-2 are a perspective view and a top view of a belt according to a first

embodiment of the invention.

Figs. 3-4 are a perspective view and a top view of a belt according to a second

embodiment of the invention

Figs. 5, 6 show a belt according to Figs. 1-2 when engaged with specifically

designed pulleys.

Fig. 7 is a detail of Fig. 6.

PCT/EP2011/071007
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Figs. 8-9 show a belt according to Figs. 3-4 when engaged with specifically

designed pulleys.
Fig. 10 is a perspective view of a belt according to another embodiment.
Fig. 11 is a cross section of the belt of Fig. 10.

Detailed description of preferred embodiments

Figs. 1 and 2 depict a first embodiment of a load-bearing belt 1 comprising a
plurality of tensile ropes 2 encapsulated in a case 3, and a working side 4 for
contact with sheaves. The working side 4 carry two rows 5 of tooth members 6,
projecting from the surface of said working side 4. The two rows 5 of tooth

members 6 leave a longitudinal flat band 7 on the belt 1.

The tooth members 6 can be integrally made with the case 3. A tooth member
6 comprises front/rear faces 6a, a top face 6b and side faces 6c¢. Preferably
said tooth members 6 have an elongated shape of a prism; more preferably
said members 6 have a tapered section from a base to a tip, which means that
front and rear faces 6a are inclined relative to a plane perpendicular to the

surface of the working side 4.

Figs. 1 and 2 relate to an embodiment where the said tooth members 6 are
straight, i.e. they are transversal with respect to the longitudinal direction of the
belt 1.

Figs. 3-4 show an embodiment where inclined tooth members 6 are arranged
in two rows 5 and with a “fishbone” arrangement. The left tooth members 6
form a first inclination angle a1 with the longitudinal direction of the belt. Said
angle of inclination can be seen as the angle formed by a projection on the
surface of side 4 of a vector 8 perpendicular to a front face 6a (Fig. 4). The
right tooth members 6 have an inclination by a second angle a2 equal and
opposite to said first angle a1, i.e. a2 = —al. Hence, a tangential force

transmitted to the rows 5 is compensated.
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The height h of a tooth member 6 and the thickness s of the belt are also
shown in Fig. 1. In preferred embodiments of the invention, the ratio h/s ranges
from 0.5 to 5. For example in a belt 2 mm thick, the height of tooth members 6
may range from 1 to 10 mm. The width of a non-toothed band portion of the
belt is preferably at least 1/5 of the width of the belt; more preferably the rows
5 and the band 7 in Figs. 1-4 have a width around 1/3 (one third) of the overall
width.

Fig. 5 shows the load-bearing belt 1 according to the embodiment of Figs. 1-2
when engaged with a traction sheave 10. Said sheave 10 has recesses 11 for
engagement with the tooth members 6; in this example the recesses 11 are
distributed in accordance with the embodiment of the belt 1, namely at the
sides of the contact face of the pulley 10 for engagement with the two rows 5

of tooth members 6, leaving a flat section 12 in the middle of the pulley.

Fig. 6 show the belt 1 in contact with a deflection sheave 20. A deflection
sheave is not powered and need not deliver torque to the belt. Hence said
sheave 20 need no recesses for singular, torque-transmitting engagement with
the tooth members 6. In a preferred embodiment, said sheave 20 has
continuous grooves 21 for accommodation of the rows 5 of tooth members 6.
More preferably, the depth of said grooves 21 is greater than the projection
distance (height) of the tooth members 6, in such a way that the top surface 6b
of the tooth members 6 does not come into contact with the bottom surface 22
of said grooves 21. The sheave 20 is contacted on flat surface 23 by the
surface of flat portion 7 of the belt 1 (Fig. 7).

It can be appreciated from both Figs. 5 and 6 the self-centering feature of the
belt 1, thanks to side faces 6¢ of the tooth members 6 resting again flanks 13
of recess 11 in the traction sheave 10 or, respectively, flanks 24 of the grooves

21 in deflection sheave 20.

Figs. 8 and 9 show another embodiment of a belt 1 and a corresponding

embodiment of sheaves 10, 20. In this case, the belt 1 has one central row 5 of

PCT/EP2011/071007
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tooth members 6, and two lateral flat bands 7. Correspondingly, a traction
sheave 10 has one set of recesses 11 and a deflection sheave 20 has one

central groove 21 for accommodation of the tooth members 6.

Figs. 10 and 11 relate to another embodiment where the inner side face 6¢ of
tooth members 6 is inclined by an angle B. Said angle  is preferably in the
range 5° - 45 ° and more preferably around 10°. Said angled inner face allows
a smooth engagement with the recesses 11 of a traction sheave and reduces
belt stress and noise. Said embodiment is applicable also to belts with inclined

tooth members as in Figs. 3-4.

Preferably, the traction is transmitted by the engagement of tooth members 6
with recesses 11 of one (or more) traction sheave(s) 10, whilst radial forces
are borne by the flat portion(s) 7 of the working belt side 4 in contact with the

corresponding flat sections 12, 23 of the sheaves.

PCT/EP2011/071007
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CLAIMS

1.

A load-bearing belt (1) comprising a plurality of tensile elements (2)
encapsulated in a case (3), and a working side (4) for contact with

sheaves, said working side comprising:

- atleast one row (5) of tooth members (6) projecting from the surface of
said working side, thus forming at least one toothed band portion of

said working side, and

- at least one non-toothed band portion (7) with a flat surface for contact

with at least one sheave.

A belt according to claim 1, said working side comprising two lateral rows
(5) of tooth members (6) and a central non-toothed flat portion (7), or a

central row of tooth members leaving two lateral non-toothed flat portions.

A belt according to any of the preceding claims, each of said tooth
members having a shape of an elongated prism stemming from said
working side of the belt, with front and rear surfaces (6a), a top face (6b)

and side faces (6¢).

A belt according to claim 3, the tooth members (6) having a rectangular
cross section with front and rear surfaces (6a) perpendicular to the surface
of the working side, or said tooth members (6) having a tapered cross
section from base to tip, with front and rear surfaces (6a) inclined relative

to the surface of the working side.

A belt according to claim 3 or 4, where a direction perpendicular to said
front or rear surfaces (6a), when projected on the plane of the working side
of the belt, forms an angle of inclination (a1) with the longitudinal direction

of the belt, said angle being preferably 30 to 60 degrees.

A belt according to claim 5, comprising two lateral rows (5) of toothed

members, and where tooth members of one row have a first angle of
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10.

11.

12.

-10 -

inclination (a1) and tooth members of the other row have a second angle

of inclination (a2) equal and opposite to said first angle.

A belt according to any of the preceding claims, said tooth members (6)

being integrally with the encapsulation case (3) of the belt.

A belt according to any of the preceding claims for an elevator, in particular

for an elevator without counterweight.
A belt drive system, comprising

- atleast one toothed sheave,

- at least one non-toothed sheave,

- a belt wherein a plurality of tensile elements (2) are encapsulated in a
case (3), and said belt having a working side (4) for contact with

sheaves, said working side comprising:

- atleast one row (5) of tooth members (6) projecting from the surface of
said working side, thus forming at least one toothed band portion of

said working side, and

- at least one non-toothed band portion (7) with a flat surface for contact

with a non-toothed sheave.

A belt drive system according to claim 9 for an elevator, in particular for an

elevator without counterweight.

A belt drive system comprising a load-bearing belt (1) according to any of

the claims 1 to 8.

A belt drive system according to any of claims 9 to 11, said drive system
comprising at least one traction sheave (10) and at least one deflection
sheave (20), said traction sheave having recesses (11) for singular

engagement with the tooth members (6), and said deflection sheave
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having one or more grooves (21) for accommodation of the row or rows of

tooth members on the belt.

13. A belt drive system according to claim 12, the depth of said groove or
grooves (21) of said deflection sheave (20) being greater than the

5 projection of the tooth members (6) of the belt (1), in such a way that the
top surface (6b) of the tooth members does not come into contact with the

bottom surface of said groove or grooves.

14. An elevator, preferably an elevator without counterweight, comprising a

belt drive system according to any of claims 9 to 13.
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