wo 2023/079209 A1 | NI 0000 KA1 O 0 0

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

19) World Intellectual Propert N
B organisation > O O 0 00 R A A
International Bureau / (10) International Publication Number
(43) International Publication Date ===~ WO 2023/079209 A1
11 May 2023 (11.05.2023) WIPO I PCT
(51) International Patent Classification: (74) Agent: PAPULA OY; P.O. Box 981, 00101 Helsinki (FT).
zzgg 11;330(%(2)886031) l;‘;‘;l; Zgz gg(())zgg (81) Designated States (unless otherwise indicated, for every

(21) International Application Number:
PCT/FI2021/050751

(22) International Filing Date:
08 November 2021 (08.11.2021)

(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: KONE CORPORATION [FI/FI]; Kartanontie

1, 00330 Helsinki (FI). ®4)

(72) Inventors: VALJUS, Petteri; c/o KONE Corporation,
Kartanontie 1, 00330 Helsinki (FI). HELENIUS, Juha;
c/o KONE Corporation, Kartanontie 1, 00330 Helsinki
(FI). TALONEN, Tapani; c/o KONE Corporation, Kar-
tanontie 1, 00330 Helsinki (FI). KIVIAHO, Erkka; c/o
KONE Corporation, Kartanontie 1, 00330 Helsinki (FI).
VIITA-AHO, Tarvo; c/o KONE Corporation, Kartanontie
1, 00330 Helsinki (FI). KERE, Petri; c/o KONE Corpora-
tion, Kartanontie 1, 00330 Helsinki (FI).

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, DJ, DK, DM, DO,
Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW, KZ LA, LC,LK, LR, LS, 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,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, 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, FI, 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, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: ROPE AND ELEVATOR

Fig. 1

(57) Abstract: A rope (100) and an elevator (200). The rope comprises a core (1), an outer layer of strands (2), comprising at least four
outer strands (3), and an elastomeric coating (6) creating at least the outer surface (21) of the rope.

[Continued on next page]



WO 2023/079209 A | [I 1000000 00RO 0 0 20 0O

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

35

WO 2023/079209 PCT/FI12021/050751

ROPE AND ELEVATOR

BACKGROUND

The invention relates to a rope.

The invention further relates to an elevator.

Some traction elevator hoisting systems utilizes coated
ropes. Depending on hoisting function optimization, such
as cost, performance, durability, installability, main-
tainability, reliability, modularity, coatings have gsome

advantages, but also some disadvantages.

One of the disadvantages of the coated ropes is their sus-
ceptibility to twisting, especially when the coating has a
high friction, and/or in presence of small fleet angles
between the pulleys and traction sheave alignments togeth-
er with a high friction. The twisting has a remarkable ef-
fect to steel wire torsion stresses. While cumulative
movements of outer strands and wires are prevented by the
coating, torsional stresses are created more easily than
in conventional non-coated ropes. A combination of fatigue
bending and torsional stresses will exceed critical fa-

tigue limit of wire material.

BRIEF DESCRIPTION

Viewed from a first aspect, there can be provided a rope,
comprising a core, an outer layer of strands, comprising
at least four outer strands, and an elastomeric coating

creating at least the outer surface of the rope.

Thereby a coated rope not prone to twisting may be

achieved.

Viewed from a further aspect, there can be provided an el-
evator, comprising an elevator shaft, an elevator car ar-

ranged in the elevator shaft, and a roping system, wherein
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the roping system comprises the rope as disclosed in this

disclosure.

Thereby an elevator the reliability of which is good and

need of service low may be achieved.

The rope and the elevator are characterised by what is
stated in the independent claims. Some other embodiments
are characterised by what is stated in the other claims.
Inventive embodiments are also disclosed in the specifica-
tion and drawings of this patent application. The in-
ventive content of the patent application may also be de-
fined in other ways than defined in the following claims.
The inventive content may also be formed of several sepa-
rate inventions, especially if the invention is examined
in the light of expressed or implicit sub-tasks or in view
of obtained benefits or benefit groups. Some of the defi-
nitions contained in the following claims may then be un-
necessary 1in view of the separate inventive ideas. Fea-
tures of the different embodiments of the invention may,
within the scope of the basic inventive idea, be applied

to other embodiments.

In one embodiment, the core is constructed from a polymer

material.

An advantage is that a core that is highly flexible may be

achieved.

In one embodiment, the core further comprises a core

strand, such as a metallic core strand.

An advantage is that the load-carrying cross-sectional ar-
ea of the rope may be extended or maximized in terms of

diameter of spherical area of the rope.
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In one embodiment, the number of the outer strands is 4 -
9.

An advantage 1i1s that the twist sensitiveness of the rope

may be lessened.

In one embodiment, the outer strands has a regular lay.

An advantage is that the axial strength, Young's modulus,

and the bending stiffness of the rope may be optimized.

In one embodiment, the outer strands has a lang lay.

An advantage is that the axial strength, Young's modulus,

and the bending stiffness of the rope may be optimized.

In one embodiment, the relation of the diameter (do) of
the outer strand and the diameter (D) of the rope is se-
lected in range of do = 0,16 x D - 0,45 x D.

An advantage is that a round rope may be manufactured.

In one embodiment, the rope comprises an inner layer of
strands arranged between the core and the outer layer of
strands and comprising plurality of inner strands, and
that the outer strands have an opposite lay, i.e. right or
left lay, compared to the inner strands having left or

right lay, respectively.

An advantage 1i1s that the twist sensitiveness of the rope
may further be decreased, since there is always present a
strand lay direction turned to close direction, which op-
poses twisting, regardless the direction in which the rope

is twisting.
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In one embodiment, the inner strands have a regular lay.

An advantage is that the axial strength, Young's modulus,

and the bending stiffness of the rope may be optimized.

In one embodiment, the inner strands have a lang lay.

An advantage is that the axial strength, Young's modulus,

and the bending stiffness of the rope may be optimized.

In one embodiment, the core is of IWRC or WSC type, and
the 1inner strands has the same lay direction with the

core.

An advantage 1i1s that the twist sensitiveness of the rope
may be lessened, especially when using a high frictional
coating on surface of the rope, and/or when pulley system
causes some fleet angles due to improper orientation

thereof.

In one embodiment, the lay length of the strand is select-
ed in range of 3,0 x di - 20 x di, preferably in range of
3,5 x di - 7 x di.

An advantage is that a rope that can be bent on a typical
elevator pulley without significant additional bending

Stresses causing fatigue of the wires can be achieved.

In one embodiment, the relation of the lay length of the
inner strand and the lay length of the outer strand are
selected so that that all the outer and inner strands and
the wires thereof are loaded by a stress varying not more

than 10 % in an axial strain of the rope.

An advantage is that the load carrying performance of the

rope may be optimized to be suitable for elevator charac-
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teristics tension levels, alternating tensions due to var-

ying loads and bending over pulleys.

In one embodiment, the elastomeric coating has adhesion to

all the outer strands and/or to all the inner strands.

An advantage is that a better performance of the rope when
using non-rotating rope strand layers structures may be

achieved.

In one embodiment, the elastomeric coating has adhesion to
all wires in all the outer strands and/or to all wires in

all the inner strands.

An advantage is that the micromovements of the wires which

cause fretting may be minimized.

In one embodiment, the elastomeric coating has adhesion to

the core.

An advantage 1s that a rope less sensitive to twisting
caused by fleet angles, a high coating friction, reels and
tension variations, as well as by faulty installation, may

be achieved.

In one embodiment, the elastomeric coating i1s a single

layer coating.

An advantage is that the manufacturing of the rope is sim-

ple.

In one embodiment, the elastomeric coating is a multi-

layer coating.

An advantage is that the layers may be optimized according

to their desired function in the rope.
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In one embodiment, the multi-layer coating comprises an
outer layer and an inner layer, wherein the outer layer

has a higher Shore hardness than the inner layer.

An advantage 1s that a rope being highly abrasion re-
sistant but still having low twist sensitiveness may be
achieved, and on the other hand, softer inner material
having good yield and strain characteristics may maintain

its contact with the wires better.

In one embodiment, the multi-layer coating comprises an
outer layer and an inner layer, wherein the inner layer

has a higher Shore hardness than the outer layer.

An advantage is that a high friction coefficient on the

outer surface of the rope may be achieved.

In one embodiment, the outer layer has a Shore hardness
selected in range of Shore 70D - 92A, and the inner layer
in range of Shore 92A - 95A.

An advantage is that the abrasion resistance and low twist
sensitiveness of the rope may be optimized together with

the required level of friction coefficient.

In one embodiment, the elastomeric coating has a thickness
that is 7 - 15 % of the diameter (D) of the rope.

X

An advantage 1is that the non-twisting properties of the

rope may be enhanced.

In one embodiment, the elastomeric coating comprises ther-

moplastic elastomer.
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An advantage is that a coating having good thermal proper-
ties and material stability when exposed to a broad range

of temperatures may be achieved.

In one embodiment, the elastomeric coating comprises ther-

moplastic polyurethane.

An advantage is that a coating having high elasticity, re-

sistance to 0il, grease, and abrasion may be achieved.
In one embodiment, the rope comprises filler strands.
An advantage is that the load-carrying cross-sectional ar-

ea of the rope may be extended, and the minimum breaking

force of the rope increased.

BRIEF DESCRIPTION OF FIGURES

Some embodiments illustrating the present disclosure are
described in more detail in the attached drawings, in
which

Figure 1 is a schematic cross-sectional view of a rope, an

Figure 2 1is a schematic cross-sectional view of another

rope,

Figure 3 1s a schematic cross-sectional view of a third

rope,

Figure 4 is a schematic side view of an elevator, and

Figure 5 is a schematic side view of another elevator.

In the figures, some embodiments are shown simplified for

the sake of clarity. Similar parts are marked with the

same reference numbers in the figures.
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DETAILED DESCRIPTION

Figure 1 is a schematic cross-sectional view of a rope.
The rope 100 comprises a core 1, an outer layer of strands
2 comprising four outer strands 3, and an elastomeric
coating 6 creating at least the outer surface 21 of the

rope 100.

In one embodiment, the core 1 is constructed from an elas-
tomeric polymer material. The term “elastomeric” refers to
the rubber-like properties of a polymer, i.e., a material
being able to regain its original shape when a load is re-

moved from the material.

In one embodiment, the elastomeric polymer material of the
core 1 comprises thermoplastic elastomer(s), i.e. one or
more elastomer(s) having thermoplastic properties. The
thermoplastic elastomer may be, for example, selected from
styrenic block copolymers (TPE-s), thermoplastic polyole-
finelastomers (TPE-o0), thermoplastic Vulcanizates (TPE-v
or TPV), thermoplastic polyurethanes (TPU), thermoplastic
co-polyester, (TPE-E) and thermoplastic polyamides (TPE-
A) .

In one embodiment, the elastomeric polymer material com-

prises thermoplastic polyurethane.

In one embodiment, the elastomeric polymer material of the
core 1 comprises thermoset elastomer(s), such as natural
rubber (NR) or polyurethane (PUR).

The elastomeric polymer material may be filled or mixed
with fillers and functional additives, such as reinforcing

materials, fire retardant materials, etc.
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In one embodiment, such as shown in Figure 1, the elasto-
meric polymer material of the core has an outer shape that
fills substantially all space between the outer strands 3.
However, this is not always necessary, the shape of the

core 1 may be round or roundish, for instance.

In one embodiment, the core 1 comprises a core strand 19
that may be embedded in the core. In another embodiment,
the core 1 consists of the core strand 19. The core strand
19 may be e.g. of straight woven natural fiber, sisal,
polypropylene or steel. The core strand 19 type 1is, for
example, a wire strand core (WSC), an independent wire

rope core (IWCR) type, or a fibre core (FC) type.

In one embodiment where the core strand comprises wires,
the elastomeric polymer material of the core is adhered to

all the wires of the core strand.

In one embodiment, there may be two or even more core

strands 19 embedded in the core.

According to an aspect, the outer layer of strands 2 com-
prises 4 - 12 strands. In one embodiment, the outer
strands 3 are constructed from steel wires, i.e. they are

steel strands.

In one embodiment, the outer strand 3 comprises 7 - 36

wires, preferably 7 - 25 wires.

In one embodiment, the outer strand 3 has a two-layer
structure such that there is one central wire surrounded

by six outer wires, i.e. there is a structure of 1+6.

In one embodiment, the outer strand 3 has a three-layer

structure such that there is one central wire surrounded
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by nine first wires, and these first wires are surrounded

by nine outer wires, i.e. there is a structure of 1+9+9.

In one embodiment, the outer strand 3 has a four-layer
structure such that there is one central wire surrounded
by six first wires, and these first wires are surrounded
by six second wires, and these second wires are surrounded

by six outer wires, i.e. there is a structure of 1+6+6+6.

In one embodiment, the outer strands 3 have a regular lay.
In another embodiment, the outer strands 3 have a lang
lay. Said regular lay may have a right lay or a left lay.
According to an aspect, said lang lay may resist an inter-

nal twisting of the strand more than said regular lay.

In one embodiment, the relation of the diameter (do) of
the outer strand 3 and the diameter (D) of the rope 100 is
selected in range of do = 0,16 x D - 0,45 x D.

In one embodiment, the lay length of the outer strand 3 is
selected in range of 3,0 x do - 20 x do, preferably in

range of 3,5 x do - 5 x do.

In one embodiment, the elastomeric coating 6 has a thick-
ness that is 7 - 15 % of the diameter D of the rope 100.
Said thickness 1is the shortest distance from the outer

strand 3 to the outer surface 21 of the rope.

According to an embodiment, the elastomeric coating 6 has
adhesion to all the outer 3 strands over all length of the
rope. In one embodiment, an adhesion agent or a primer is
arranged on surfaces of the strand and/or wires for pro-

moting adhesion prior to applying the elastomeric coating.

In one embodiment, all gaps between the core 1 and the

outer strands 3 are filled with the coating 6.
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In one embodiment, the elastomeric coating 6 has adhesion
to all wires 7 in all the outer 3 strands. The penetration
of the coating material between all the strands and inside
thereof is ensured with high enough pressure in the manu-

facturing of the rope, e.g. in an extrusion process.

In one embodiment, the elastomeric coating 6 fills all
gaps and voids between the strands and the core, prefera-
bly also all gaps and voids inside the strands. This fea-
ture further adds twist-resistance properties of the rope

when the coating keeps wires and strands tightly together.

In one embodiment, the elastomeric coating 6 is a single
layer coating, i.e. the elastomeric coating comprises just
one-layer and one material or material composition. In an-
other embodiment, the elastomeric coating 6 is a multi-
layer coating, i.e. it has at least two layers of differ-
ent materials. The multi-layer coating may be manufactured

by a co-extrusion method, for instance.

In one embodiment of the multi-layer coating, the thick-
ness of the outer layer is selected in range of 0,4 mm -
2,5 mm. In one embodiment, said thickness is selected in
range of 0,75 mm - 1 mm. In one embodiment, said thickness

< <

is selected in range of 7 % - 15 % of the diameter D of

o\°

the rope 100. In one embodiment, said thickness is 11.5
of the diameter D of the rope 100.

In one embodiment of the multi-layer coating comprises an
outer layer 9 and an inner layer 10 (shown in Figure 3)
such that the outer layer 9 has a higher Shore hardness
than the inner layer 10. In one embodiment, the outer lay-
er 9 has a Shore hardness selected in range of Shore 70D -

92A, and the inner layer 10 in range of Shore 92A - 95A.
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The term “elastomeric” refers to the rubber-like proper-
ties of a polymer, i.e., a material being able to regain
its original shape when a load is removed from the materi-
al.

In one embodiment, the elastomeric coating 6 comprises
thermoplastic elastomer(s), i.e. one or more elastomer (s)
having thermoplastic properties. The thermoplastic elasto-
mer may be, for example, selected from styrenic block co-
polymers (TPE-s), thermoplastic polyolefinelastomers (TPE-
0), thermoplastic Vulcanizates (TPE-v or TPV), thermo-
plastic polyurethanes (TPU), thermoplastic co-polyester,
(TPE-E) and thermoplastic polyamides (TPE-A).

In one embodiment, the elastomeric coating 6 comprises

thermoplastic polyurethane.

In one embodiment, the elastomeric coating 6 comprises
thermoset elastomer(s), such as natural rubber (NR) or
polyurethane (PUR). The elastomeric coating 6 may be
filled or mixed with fillers and functional additives,
such as reinforcing materials, fire retardant materials,

etc.

In one embodiment, the elastomeric polymer material of the
core 1 comprises the same polymer as the inner part of the
elastomeric coating 6 being contact with the core 1. How-
ever, this is not always necessary, i.e. the polymer mate-
rial of the core may differ from the material of the inner

part of the coating.

Figure 2 is a schematic cross-sectional view of another
rope. In one embodiment, the rope 100 comprises filler
strands 11. The embodiment shown in Figure 2 has four
filler strands. The number of the filler strands may vary,

typically in range of 4 to the number of the outer strands
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3, and their diameter is substantially smaller compared

to the outer strands 3.

In one embodiment, the filler strand 11 is made of steel
wires. In one embodiment, the filler strand 11 has a WSC
(wire strand core) structure. In one embodiment, the fill-
er strand 11 has a IWSC (independent wire strand core)

structure.

In one embodiment, such as shown in Figure 2, the core 1
is without any core strands. In this kind of embodiment,
the core is completely made of the elastomeric polymer ma-
terial, optionally reinforced with reinforcing material,

described in this disclosure.

Figure 3 is a schematic cross-sectional view of a third
rope. In one embodiment, the rope 100 comprises an inner
layer of strands 4 that is arranged between the core 1 and
the outer layer of strands 2. The inner layer of strands
comprises plurality of inner strands 5. In one embodiment,
the number of the inner strands is 4 - 9. The embodiment

shown in Figure 3 comprises eight inner strands.

Number of the strands both in the inner and the outer lay-
er i1s chosen such way that the rope fill ratio is high and
optimum for coated ropes so that the minimum breaking
force is maximized and penetration of the coating to the
inner structure of the rope and between the wires is ena-
bled.

In one embodiment, the inner strands 5 are steel strands,

and they may have a regular lay or a lang lay.

In one embodiment, the inner strand 5 comprises 7 - 36

wires.
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In one embodiment, the core 1 comprises a core strand 19
of IWRC or WSC type, and the inner strands 5 has the same

lay direction with the core.

In one embodiment, the relation of the diameter (di) of
the inner strand 5 and the diameter D of the rope 100 is

selected in range of di = 0,16 x D - 0,45 x D.

In one embodiment, the lay length of the inner strand 5 is
selected in range of 3,0 x do - 20 x do, preferably in

range of 3,5 x do - 5 x do.

In one embodiment, the inner strand 5 has a two-layer
structure such that there is one central wire surrounded

by six outer wires, i.e. there is a structure of 1+6.

In one embodiment, the inner strand 5 has a three-lavyer
structure such that there is one central wire surrounded
by nine first wires, and these first wires are surrounded

by nine outer wires, i.e. there is a structure of 1+9+9.

In one embodiment, the inner strand 5 has a four-layer
structure such that there is one central wire surrounded
by six first wires, and these first wires are surrounded
by six second wires, and these second wires are surrounded

by six outer wires, i.e. there is a structure of 1+6+6+6.

In one embodiment, the inner strands 5 has an opposite lay
compared to the outer strands 3. Thanks to this, rotation
resistances of the strand layers 2, 4 may be balanced as
per distance from rope neutral axis, and the sum of layer

torgques may be arranged to be zero.

For instance, the inner strands 5 may have a right lay and
the outer strands 3 a left lay, or vice versa. Thus, in

embodiments where the core 1 comprises a core strand 19 of
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IWRC or WSC type, and the inner strands 5 has the same lay
direction with the core, the outer strands 3 may have an

opposite lay compared to the core strand 19.

According to an aspect, the relation of the lay length of
the inner strand 5 and the lay length of the outer strand
3 are selected so that that all the outer and inner
strands 3, 5 and the wires 7, 8 thereof are loaded by a
substantially same stress. In one embodiment, the concept
“substantially same stress” means that said stresses are

varying not more than 10 % , preferably not more than 5 %

in an axial strain of the rope.

As disclosed earlier in this disclosure, the elastomeric
coating 6 may have a single layer structure or a multi-
layer structure, and have adhesion to all the outer
strands 3, even to adhesion to all wires 7 in all the out-
er strands. In one embodiment, the elastomeric coating 6
has adhesion to all the inner strands 5, too, preferably

to all wires 8 1n all the inner strands.

In one embodiment, the elastomeric coating 6 has adhesion
to the core 1. Thus, 1in some embodiments, the elastomeric
coating 6 has an adhesion to all the strands 3, 5 and

wires 7, 8 as well as to the core 1.

In an embodiment, the core 1 is filling substantially all
the sgpace within encircling strands. One embodiment of
this is shown in Figures 1 and where the core 1 is in con-
tact with the outer strands 5. Similar structure is possi-
ble with the inner strands if they are present in the
rope, i.e. that the core 1 is filling substantially all
the space within encircling inner strands. In another em-
bodiment, the core 1 does not fill all said space. The
cross-section of the core 1 may be round or roundish, such

as shown in Figure 3.
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In an embodiment comprising the outer layer of strands 3
and the inner layer of strands 4, there may also be pre-
sent filler strands, the type of which has already de-
scribed in this disclosure. The filler strands may be ar-
ranged between the outer strands, between the inner stands

and/or between outer and inner layers of strands.

Figure 4 is a schematic side view of an elevator. Accord-
ing to an aspect, the rope 100 disclosed in this disclo-
sure is arranged in an elevator 200. The lifting height of
the elevator may be e.g. tens of meters, even to hundred
meter (s). The elevator comprises an elevator shaft 12, an
elevator car 13 arranged in the elevator shaft 12 for mov-
ing therein, and a roping system 14 that is arranged to
participate to the moving of the elevator car in the ele-
vator shaft. Said roping system 14 comprises at least one
rope 100 as disclosed herein. In one embodiment, the rop-
ing system comprises at least two parallelly arranged
ropes 100. In one embodiment, there are 3 - 11, preferably

3 - 6 parallelly arranged ropes 100 in the roping system.

The elevator 200 may be used e.g. for moving passengers

and/or cargo.

In one embodiment, the rope 100 is connected to the eleva-

tor car 13.

In one embodiment, the elevator 200 comprises a counter-

weight 15 that is connected to the rope 100.

In one embodiment, the roping system 14 comprises at least
one compensating rope 22 that is connected between the el-
evator car 13 and the counterweight 15. In one embodiment,
there are 3 - 11, preferably 3 - 6 parallelly arranged

compensating ropes 22 in the roping system.



10

15

20

25

30

35

WO 2023/079209 PCT/FI12021/050751

17

The compensating rope 22 serves as a safety appliance that
prevents or reduces abrupt movements of the elevator car
e.g. in stalling situations. One further advantage of hav-
ing coated compensating rope 22 is that lubrication or
greasing service of the compensating rope is not neces-

sary.

The elevator 200 comprises a machinery 16 for driving mov-
ing elevator components, e.g. the roping comprising at

least one rope 100.

In one embodiment, the machinery 16 is arranged in a ma-
chine room 20 separate from the elevator shaft 12. The ma-
chine room 20 can be arranged above or top the elevator
shaft (also known as a PT structure) as shown in Figure
4, below the elevator shaft (also known as a PU struc-
ture), on side of the elevator shaft (also known as a PS
structure), or inside the elevator shaft (also known as a

PW structure).

Figure 5 is a schematic side view of another elevator. In
one embodiment, the roping system 14 that comprises at
least one rope 100 provides a roping ratio of 1:1, i.e.
the machinery has to drive ten meters of rope 100 to 1lift
the elevator car 13 ten meters, for instance. One example

of this kind of embodiment is shown in Figure 4.

In another embodiment, the roping system 14 comprises a
reduction arrangement 18 that is arranged for providing a
reduced speed for the elevator car. In one embodiment,
said speed is reduced by a roping ratio of 2:1. This means
that, for example, the machinery has to drive 20 meters of
rope 100 to 1lift the elevator car 13 ten meters, while the
force needed to 1lift the elevator car 13 is halved. It is
to be noted that the reduced by a roping ratio may be se-

lected to be less than 2:1 or more than 2:1, such as 4:1.
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In one embodiment, the machinery 16 is arranged inside the
elevator shaft 12. This kind of machinery 16 can be at-
tached e.g. to an elevator car guide 17. The machinery 16
can be arranged in upper parts of the elevator shaft 12,

such as shown in Figure 5, but this is not necessary.

In Figures 4 and 5 the counterweight 15 is shown beside
the elevator car 13. However, 1in other embodiments, the
counterweight is situated back of the elevator car. This
kind of arrangement is realized by guiding the roping to
turn 90° (seen from above) from beside of the elevator car
to backside thereof.

The invention is not limited solely to the embodiments de-
scribed above, but instead many variations are possible
within the scope of the inventive concept defined by the
claims below. Within the scope of the inventive concept
the attributes of different embodiments and applications
can be used in conjunction with or replace the attributes

of another embodiment or application.

The drawings and the related description are only intended
to illustrate the idea of the invention. The invention may
vary in detail within the scope of the inventive idea de-

fined in the following claims.
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REFERENCE SYMBOLS

O ~I o U1 b w N

11
12
13
14
15
16
17
18
19
20
21
22

100
200

core
outer layer of strands
outer strand

inner layer of strands
inner strand
elastomeric coating
wire of outer strand
wire of inner strand
outer layer of coating
inner layer of coating
filler strand

elevator shaft
elevator car

roping system
counterweight
machinery

elevator car guide
reduction arrangement
core strand

machine room

outer surface

compensating rope

rope

elevator

PCT/FI12021/050751



10

15

20

25

30

35

WO 2023/079209 PCT/FI12021/050751

20

CLAIMS

1. A rope (100),comprising

- a core (1),

- an outer layer of strands (2), comprising at least four
outer strands (3), and

- an elastomeric coating (6) creating at least the outer

surface (21) of the rope.

2. The rope as claimed in claim 1, wherein

- the core (1) is constructed from a polymer material.

3. The rope as claimed in claim 2, wherein

- the core (1) further comprises a core strand (19).

4. The rope as claimed in claim 3, wherein
- the core strand (19) type is selected from a wire strand
core (WSC), independent wire rope core (IWCR) type, and

fibre core (FC) type.

5. The rope as claimed in any of the preceding claims,
wherein

- the outer strands (3) are steel strands.

6. The rope as claimed in any of the preceding claims,
wherein

- the number of the outer strands is 4 - 9.

7. The rope as claimed in any of the preceding claims,
wherein

- the outer strands (3) has a regular lay.

8. The rope as claimed in any of claims 1 - 6, wherein

- the outer strands (3) has a lang lay.

9. The rope as claimed in any of the preceding claims,

wherein
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- relation of the diameter (do) of the outer strand (3)
and the diameter (D) of the rope (100) is selected in
range of do = 0,16 x D - 0,45 x D.

10. The rope as claimed in any of the preceding claims,
comprising

- an inner layer of strands (4) arranged between the core
(1) and the outer layer of strands (2) and comprising plu-

rality of inner strands (5).
11. The rope as claimed in claim 10, wherein
- the outer strands (3) have an opposite lay compared to

the inner strands (5).

12. The rope as claimed in claim 10 or 11, wherein

- the inner strands (5) are steel strands.

13. The rope as claimed in any of the preceding claims,

wherein
- the number of the inner strands is 4 - 9.
14. The rope as claimed in any of claims 10 - 13, wherein

- the inner strands (5) have a regular lay.

15. The rope as claimed in any of claims 10 - 13, wherein

- the inner strands (5) have a lang lay.

16. The rope as claimed in any of claims 10 - 15, wherein
- relation of the diameter (di) of the inner strand (bH)
and the diameter (D) of the rope (100) is selected in
range of di = 0,16 x D - 0,45 x D.

17. The rope as claimed in any of claims 10 - 16, wherein
- the core (1) 1is of IWRC or W3C type, and the inner

strands (5) has the same lay direction with the core.
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18. The rope as claimed in any of claims 10 - 17, wherein
- lay length of the inner strand (5) is selected in range
of 3,0 x di - 20 x di.

19. The rope as claimed in any of claims 10 - 17, wherein
- lay length of the inner strand (5) is selected in range
of 3,5 x di - 7 x di.

20. The rope as claimed in any of the preceding claims,
wherein

- lay length of the outer strand (3) is selected in range
of 3,0 x do - 20 x do.

21. The rope as claimed in any of the preceding claims,
wherein

- lay length of the outer strand (3) is selected in range
of 3,5 x do - 7 x do.

22. The rope as claimed in any of the preceding claims,
wherein

- relation of the lay length of the inner strand (5) and
the lay length of the outer strand (3) are selected so
that that all the outer and inner strands (3, 5) and the
wires (7, 8) thereof are loaded by a stress varying not

more than 10 % in an axial strain of the rope.

23. The rope as claimed in any of the preceding claims,
wherein
- the elastomeric coating (6) has adhesion to all the out-

er (3) strands.

24. The rope as claimed in any of the preceding claims,
wherein

- the elastomeric coating (6) has adhesion to all wires
(7) in all the outer (3) strands.



10

15

20

25

30

35

WO 2023/079209 PCT/FI12021/050751

23

25. The rope as claimed in any of claims 10 - 24, wherein
- the elastomeric coating (6) has adhesion to all the in-

ner (5) strands.

26. The rope as claimed in any of claims 10 - 25, wherein
- the elastomeric coating (6) has adhesion to all wires

(8) in all the inner (5) strands.

27. The rope as claimed in any of the preceding claims,
wherein
- the elastomeric coating (6) has adhesion to the core

(1).

28. The rope as claimed in any of the preceding claims,
wherein

- the elastomeric coating (6) is a single layer coating.

29. The rope as claimed in any of the preceding claims,
wherein

- the elastomeric coating (6) is a multi-layer coating.

30. The rope as claimed in claim 29, wherein
- the multi-layer coating comprises an outer layer (9) and
an inner layer (10), wherein the outer layer has a higher

Shore hardness than the inner layer.

31. The rope as claimed in claim 30, wherein

- the outer layer (9) has a Shore hardness selected in
range of Shore 70D - 92A, and the inner layer (10) in
range of Shore 92A - 95A.

32. The rope as claimed in any of the preceding claims,
wherein

- the elastomeric coating (6) has a thickness that is 7 -
15 % of the diameter (D) of the rope (100).
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33. The rope as claimed in any of the preceding claims,
wherein
- the elastomeric <coating (6) comprises thermoplastic

elastomer.

34. The rope as claimed in any of the preceding claims,
wherein

- the elastomeric coating (6) comprises thermoplastic pol-
yurethane (TPU).

35. The rope as claimed in any of the preceding claims,
wherein
- the elastomeric polymer material of the core (1) com-

prises thermoplastic elastomer.

36. The rope as claimed in claims 35 wherein
- the thermoplastic elastomer comprises thermoplastic pol-
yurethane (TPU).

37. The rope as claimed in any of the preceding claims,
comprising

- at least one filler strand (11).

38. An elevator (200), comprising

- an elevator shaft (12),

- an elevator car (13) arranged in the elevator shaft
(12), and

- a roping system (14), wherein

- the roping system (14) comprises the rope (100) as

claimed in any of the preceding claims.

39. The elevator as claimed in claim 38, comprising

- a counterweight (15) connected to the rope (100).

40. The elevator as claimed in any of claims 38 - 39, com-

prising
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- a machinery (16) for driving moving elevator components,
said machinery (16) being attached to an elevator car
guide (17).

41. The elevator as claimed in any of claims 38 - 39, com-
prising
- a machinery (16) for driving moving elevator components,

said machinery (16) being arranged in a machine room (20).

42 . The elevator as claimed in claim 41, wherein
- the machine room (20) is arranged above the elevator
shaft (12).

43. The elevator as claimed in claim 41, wherein
- the machine room (20) is arranged below the elevator
shaft (12).

44, The elevator as claimed in any of claims 38 - 43,
wherein
- the roping system (14) comprises a reduction arrangement

(18) for providing a roping ratio of 1:1.

45. The elevator as claimed in any of claims 38 - 43,
wherein
- the reduction arrangement (18) is arranged for providing

a roping ratio of 2:1.
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