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ABSTRACT

A hoisting service rope, which has a width larger than 1its

thickness in a transverse direction of the rope, which com-

prises a load-bearing part made of a composite material,

said composite material comprising non-metallic reinforcing

fibers, which consist of carbon fiber ox glass fiber, 1n a

polymer matrix. An elevator, which comprises a drive

sheave, an elevator car and a rope system for moving the

F

elevator car by means of the drive sheave, sald rope system

comprising at least one rope whose width is larger than its

thickness in a transverse direction of the rope, and the

rope comprises a load-bearing part made of a composite ma-

terial, said composite material comprising reinforcing fi-

bers in a polymer matrix.
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ROPE FOR A HOISTING DEVICE, ELEVATOR AND USE

FIELD OF THE INVENTION

The present invention relates to a hoisting device rope, to an
elevator and to a use of the hoisting device rope as the

hoisting rope of an elevator.

BACKGROUND OF THE INVENTION

Elevator ropes are dgenerally made by braiding from metallic
wires or strands and have a substantially round cross-
sectiocnal shape. A problem with metallic ropes is, due to the
material properties of metal, that they have a high weight and
a large thickness 1n relation to theilr tensile strength and
tensile stiffness. There are also prior—art belt-like elevator

ropes which have a width larger than their thickness. Previ-

ously known are e.g. solutions i1n which the load-bearing part
of a belt-like elevator hoisting rope consists of metal wires
coated with a soft material that protects the wires and in-

creases the friction between the belt and the drive sheave.

Due to the metal wires, such a solution involves the problem
of high weight. On the other hand, a solution described in
specification EP1640307 AZ proposes the use of aramid braids
as the load-bearing part. A problem with aramid material 1is
mediocre tensile stiffness and tensile strength. Moreover, the

behavior of aramid at high temperatures i1is problematic and

- constitutes a safety hazard. A further problem with solutions

based on a braided construction 1s that the braiding reduces
the stiffness and strength of the rope. In addition, the sepa-
rate fibers of the braiding can undergo movement relative to
each other in connection with bending of the rope, the wear of
the fibers being thus increased. Tensile stiffness and thermal
stability are also a problem in the solution prbposed by
specification PCT/FI1I97/00823, in which the load-bearing part

used 1s an aramld fabric surrounded by polyurethane.

. wTatlon s e e R M e S — g
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SUMMARY OF THE INVENTION

An object of the present invention is, among others, to elimi-

nate the above-mentioned drawbacks of prior—-art solutions. A

specific object of the invention is to improve the roping of a

holsting device, particularly a passenger elevator.

The aim of the invention is to produce one or more the follow-

ing advantages,. among others:

—

A rope that 1s light in weight and has a high tensile
strength and tensile stiffness relative to its weight
1s achieved.

A rope having an improved thermal stability against

high temperatures is achieved.
A rope having a high thermal conductivity combined with

a high operating temperature is achieved.

A rope that has a simple belt-like construction and is
simple to manufacture is achieved.
A rope that comprises one straight load-bearing part or

a plurality of parallel straight load-bearing parts is-

achieved, an advantageous behavior at bending being
thus obtained.

An elevator having low-weight ropes is achieved.

The load-bearing capacity of the sling and counter-
welght can be reduced.

An elevator and an elevator rope are achieved in which
the masses and axle loads to be moved and accelerated
are reduced.

An elevator 1in which the hoisting ropes have a low
welght vs. rope tension is achieved.

An elevator and a rope are achieved wherein the ampli-

g

tude of transverse vibration of the rope is reduced and

its vibration frequency increased.
An elevator 1s achieved 1in which so-called reverse-
bending roping has a reduced effect towards shortening

service life.
An elevator and a rope with no discontinuity or cyclic
properties of the rope are achieved, the elevator rope
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3

being therefore nolseless and advantageous 1n respect
of vibration.

-~ A rope 1s achieved that has a good creep resistance,
because it has a straight construction and its geometry
remains substantially constant at bending.

- A rope having low internal wear is achieved.

- A rope having a good resistance to high temperature and
a good thermal conductivity is achieved.

- A rope having a good resistance to shear is achieved.

- An elevator having a safe roping is achieved.
- A high-rise elevator 1s achieved whose energy consump-

tion is lower than that of earlier elevators.

In elevator systems, the rope of the invention can be used as
a safe means of supporting and/or moving an elevator car, a

counterweight or both. The rope of the invention is applicable

for use both in elevators with counterweight and in elevators

without counterwelight. In addition, 1t can also be used in
conjunction with other hoisting devices, e.g. as a crane
holsting rope. The low weight of the rope provides an advan-
tage especilally in acceleratlion situations, because the energy
required by changes in the speed of the rope depends on its
mass. The low weight further provides an advantage in rope
systems requiring separate compensating ropes, because the
need for compensating ropes 1s reduced or eliminated alto-

gether. The 1low weight also allows easier handling of the

ropes.

Inventive embodiments of the present invention are presented in

—~

the description part and drawings of the present application.

The inventive content disclosed in the application can also be
defined in other ways than is done in the claims below. The in-

ventive content may also consist of several separate inven-
tions, especially if the invention is considered in the light
of explicit or implicit sub-tasks or with respect to advantages
or sets of advantages achieved. In this case, some of the at-
tributes contained in the claims below ﬁay be superfluous from
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the point of view of separate inventive concepts. The features

of different embodiments of the invention can be applied in

connection with other embodiments within the scope of the ba-

sic inventive concept.

According to the invention, the width of the hoisting rope for
a hoisting device is larger than its thickness in a transverse

direction of the rope. The rope comprises a load-bearing part

‘made of a composite material, which composite material com-

10 prises non-metallic reinforcing fibers in a polymer matrix,
sald reinforcing fibers consisting of carbon fiber or glass
fiber. The structure and choice of material make it possible
to achieve low-weight hoisting ropes having a thin construc-
tion in the bending direction, a good tensile stiffness and

15 tensile strength and an improved thermal stability. In addi-

tion, the rope structure remains substantially unchanged at

bending, which contributes towards a long service life.

In an embodiment of the invention, the aforesaid reinforcing

20 fibers are oriented in a longitudinal direction of the rope,

F.

i.e. 1n a direction parallel to the longitudinal direction of

the rope. Thus, forces are distributed on the fibers in the

g

direction of the tensile force, and additionally the straight

fibers behave at bending in a more advantageous manner than do

25 fibers arranged e.g. in a spiral or crosswise pattern. The
load-bearing part, consisting of straight fibers bound to-

gether by a polymer matrix to form an integral element, re-

tains its shape and structure well at bending.

30 In an embodiment of the invention, individual fibers are homo-
geneously distributed in the aforesaid matrix. In other words,
the relnforcing fibers are substantially uniformly distributed

in the said load-bearing part.

35 In an embodiment of the invention, said reinforcing fibers are
bound together as an integral load-bearing part by said poly-

mer matrix.
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In an embodiment of the invention, said reinforcing fibers are

continuous fibers oriented in the lengthwise direction of the

pr—n

rope and preferably extending throughout the length of the

rope.

In an embodiment of the invention, said load-bearing part con-
sists of straight reinforcing fibers parallel to the length-

wise direction of the rope and bound together by a polymer ma-

trix to form an integral element.

In an embodiment of the invention, substantially all of the
reinforcing fibers of said load-bearing part are oriented in

the lengthwise direction of the rope.

In an embodiment of the invention, said load-bearing part is

an integral elongated body. In other words, the structures

forming the load-bearing part are in mutual contact. The fi-

bers are bound i1n the matrix preferably by a chemical bond,

preferably by hydrogen bonding and/or covalent bonding.

In an embodiment of the invention, the structure of the rope
continues as a substantilially uniform structure throughout the

length of the rope.

In an embodiment of the invention, the structure of the load-
bearing part continues as a substantially uniform structure

P

throughout the length of the rope.

In an embodiment of the 1i1nvention, substantially all of the

reinforcing fibers of salid load-bearing part extend in the
lengthwise direction of the rope. Thus, the reinforcing fibers
extending in the longitudinal direction of the rope can be

adapted to carry most of the load.

In an embodiment of the i1nvention, the polymer matrix of the

rope consists of non-elastomeric material. Thus, a structure
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is achieved in which the matrix provides a substantial support

for the reinforcing fibers. The advantages 1include a longer

phui

service life and the possibility of employing smaller bending

radii.

In an embodiment of the invention, the polymer matrix com-

prises epoxy, polyester, phenolic plastic or wvinyl ester.

These hard materials together with aforesaid reinforcing fi-

bers lead to an advantageous material combination that pro-

vides ji.a. an advantageous behavior of the rope at bending.

. ]

In an embodiment of the invention, the load-bearing part 1s a

stiff, unitary coherent elongated bar-shaped body which re-

turns straight when free of external bending. For this reason

also the rope behaves in this manner.

In an embodiment of the invention, the coefficient of elastic-

i~

ity (E) of the polymer matrix 1is greater than 2 GPa, prefera-

F

bly greater than 2.5 GPa, more preferably 1n the range of 2.5-

10 GPa, and most preferably in the range of 2.5-3.5 GPa.

r—

In an embodiment of the invention, over 50% of the cross-

P r—
—

sectional square area of the load-bearing part consilsts of

said reinforcing fiber, preferably so that 50%-80% consists of

said reinforcing fiber, more preferably so that 55%-70% con-

sists of said reinforcing fiber, and most preferably so that

about 60% of said area consists of reinforcing fiber and about

40% of matrix material. This allows advantageous strength

pr—

properties to be achieved while the amount of matrix material

is still sufficient to adequately surround the fibers bound

together by it.

In an embodiment of the invention, the reinforcing fibers to-

g

gether with the matrix material form an integral load-bearing

part, 1inside which substantially no chafing relative motion

between fibers or between fibers and matrix takes place when
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the rope is being bent. The advantages include a long service

life of the rope and advantageous behavior at bending.

In an embodiment of the invention, the load-bearing part(s)

covers/cover a main proportion of the cross-section of the

o~

rope. Thus, a main proportion of the rope structure partici-

pates in supporting the load. The composite material can also

be easily molded into such a form.

In an embodiment of the invention, the width of the load-

bearing part of the rope is larger than its thickness 1in a

transverse direction of the rope. The rope can therefore with-

stand bending with a small radius. -

In an embodiment of the invention, the rope comprises a number

of aforesaid load-bearing parts side by side. In this way, the

liability to failure of the composite part can be reduced, be-

cause the width/thickness ratio of the rope can be increased

without increasing the width/thickness ratio of an individual

composite part too much.

In an embodiment of the invention, the reinforcing fibers con-

sist of carbon fiber. In this way, a light construction and a

good tensile stiffness and tensile strength as well as good

thermal properties are achieved.

F

In an embodiment of the invention, the rope additionally com-

prises outside the composite part at least one metallic ele-

ment, such as a wire, lath or metallic grid. This renders the

belt less liable to damage by shear.

In an embodiment of the invention, the aforesaid polymer ma-

trix conslists of epoxy.

In an embodiment of the invention, the load-bearing part 1s
surrounded by a polymer layer. The belt surface can thus be

protected against mechanical wear and humidity, among other
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things. This also allows the frictional coefficient of the

rope to be adjusted to a sufficient value. The polymer layer

preferably consists of elastomer, most preferably high-

~friction elastomer, such as e.g. polyurethane.

In an embodiment of the invention, the load-bearing part con-

sists of the aforesaid polymer matrix, of the reinforcing fi-

bers bound together by the polymer matrix, and of a coating

that may be provided around the fibers, and of auxiliary mate-

rials possibly comprised within the polymer matrix.

According to the invention, the elevator comprises a drive

sheave, an elevator car and a rope system for moving the ele-

p—

vator car by means of the drive sheave, sald rope system com-

prising at least one rope whose width 1is larger than 1its
thickness in a transverse direction of the rope. The rope com-
prises a load-bearing part made of a composite material com-

prising reinforcing fibers in a polymer matrix. The said rein-

forcing fibers consist of carbon fiber or glass fiber. This

provides the advantage that the elevator ropes are low-weight

ropes and advantageous in respect of heat resistance. An en-

ergy efficient elevator is also thus achieved. An elevator can

thus be implemented even without using any compensating ropes

at all. If desirable, the elevator can be i1mplemented using a

small—-diameter drive sheave. The elevator 1is also safe, reli-

able and simple and has a long service life.

In an embodiment of the invention, said elevator rope 1s a

hoisting device rope as descrilbed above.

In an embodiment of the invention, the elevator has been ar-

ranged to move the elevator car and counterweight by means of

said rope. The elevator rope 1is preferably connected to the

counterweight and elevator car with a 1l:1 hoisting ratio, but

could alternatively be connected with a 2:1 hoisting ratio.
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In an embodiment of the invention, the elevator comprises a

first belt-like rope or rope portion placed against a pulley,

preferably the drive sheave, and a second belt-like rope or

rope portion placed against the first rope or rope portion,

and that the said ropes or rope portions are fitted on the

circumference of the drive sheave one over the other as seen

from the direction of the bending radius. The ropes are thus

set compactly on the pulley, allowing a small pulley to be

used.

In an embodiment of the invention, the elevator comprises a

gy

number of ropes fitted side by side and one over the other

B

against the circumference of the drive sheave. The ropes are

thus set compactly on the pulley.

In an embodiment of the invention, the first rope or rope por-

tion is connected to the second rope or rope portion placed

against it by a chain, rope, belt or equivalent passed around

a diverting pulley mounted on the elevator car and/or counter-

g —

weight. This allows compensation of the speed difference be-

tween the hoisting ropes moving at different speeds.

In an embodiment of the invention, the belt-like rope passes

around a first diverting pulley, on which the rope is bent in

a first bending direction, after which the rope passes around
a second diverting pulley, on which the rope 1s bent in a sec-

ond bending direction, this second bending direction belng
substantially opposite to the first bending direction. The

rope sSpan 1s thus freely adjustable, because changes 1n bend-

ing direction are less detrimental to a belt whose structure

does not undergo any substantial change at bending. The prop-

gr—

erties of carbon fiber also contribute to the same effect.

In an embodiment of the invention, the elevator has been 1im-

plemented without compensating ropes. This 1s particularly ad-

vantageous in an elevator according to the inventlion in which

the rope used in the rope system 1s of a design as defined
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above. The advantages include enerqgy efficiency and a simple
elevator construction. In this case it 1is preferable to pro-

vide the counterweight with bounce-limiting means.

o

In an embodiment of the 1nvention, the elevator is an' elevator

with counterweight, having a hoisting height of over 30 me-
ters, preferably 30-80 meters, most preferably 40-80 meters,
sald elevator being implemented without compensating ropes.
The elevator thus implemented 1s simpler than earlier eleva-

tors and yet energy efficient.

In an embodiment of the i1nvention, the elevator has a hoisting

height of over 75 meters, preferably over 100 meters, more
preferably over 150 meters, most preferably over 250 meters.
The advantages of the 1i1invention are apparent especially in
elevators having a large hoisting height, because normally in
elevators with a large hoisting helght the mass of the hoist-

P

ing ropes . constitutes most of the total mass to be moved.

Therefore, when provided with a rope according to the present

invention, an elevator having a large hoisting height is con-
siderably more energy efficient than earlier elevators. An
elevator thus implemented is also technically simpler, more
material efficient and cheaper to manufacture, because e.d.
the masses to be braked have been reduced. The effects of this

F

are reflected on most of the structural components of the ele-

vator regarding dimensioning. The invention is well applicable

for use as a high-rise elevator or a mega high-rise elevator.

In the use according to the invention, a hoisting device rope
according to one of the above definitions 1s used as the
hoisting rope of an elevator, especially a passenger elevator.

—

One of the advantages 1is an i1mproved energy efficiency of the

elevator.

p—

In an embodiment of the invention, a hoilsting device rope ac-

cording to one of the above definitions is used as the hoist-

ing rope of an elevator according to one of the above defini-
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tions. The rope is particularly well applicable for use 1in
high-rise elevators and/or to reduce the need for a compensat-

ing rope.

5 In an embodiment of the present invention, there is provided a
rope for a hoisting device, the rope having a width that is

larger than a thickness thereof in a transverse direction of

the rope, comprising: a load-bearing part made of a composite

material, the composite material comprising synthetic rein-

10 forcing fibers in a polymer matrix.

In yet another embodiment of the present invention, there is
provided an elevator, comprising: a drive sheave; a power
source for rotating the drive sheave; an elevator car; and a

it

15 rope system for moving the elevator car by means of the drive

sheave, the rope system comprising: at least one rope having

a width that is larger than a thickness thereof in a trans-

verse direction of the rope, wherein the rope comprises a

load-bearing part made of a composite material, the composite

20 material comprising synthetic reinforcing fibers in a polymer

matrix.

Further scope of applicability of the present invention will

g——
p—

become apparent from the detailed description given hereinaf-
25 ter. However, 1t should be understood that the detailed de-

scription and specific examples, while 1ndicating preferred

embodiments of the invention, are given by way of illustration

only, since various changes and modifications within the

spirit and scope of the 1invention will become apparent to

30 those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in detail by
35 referring to embodiment examples and the attached drawings,

wherein
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Figs. la-1lm are diagrammatic illustrations of the rope of the

invention, each representing a different embodiment.

Fig. 2 1is a diagrammatic representation of an embodiment of

the elevator of the invention.

Fig. 3 represents a detail of the elevator in Fig. 2.

Fig. 4 1is a diagrammatic representation of an embodiment of
the elevator of the invention.

Fig. 5 1is a diagrammatic representation of an embodiment of

P

the elevator of the invention comprising a condition monitor-

ing arrangement.
Fig. ©6 1is a diagrammatic representation of an embodiment of
the elevator of the invention comprising a condition monitor-
ing arrangement.

Fig. 7 1s a diagrammatic representation of an embodiment of

the elevator of the invention.

Fig. 8 is a magnified diagrammatic representation of a detail

of the cross-section of the rope of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figs. la-lm present diagrams representing preferred cross-

sections of hoisting ropes, preferably for a passenger eleva-
tor, according to different embodiments of the invention as
seen from the lengthwlse direction of the ropes. The rope
(10,20,30,40,50,60, 70,80,90,100,110,120) represented by Figs.
la-11 has a belt-like structure, in other words, the rope has,
as measured in a first direction, which 1is perpendicular to
the lengthwise direction of the rope, thickness tl and, as
measured in a second direction, which is perpendicular to the
lengthwise direction of the rope and to the aforesaid first
direction, width t2, this width t2 being substantially larger
than the thickness tl. The width of the rope is thus substan-
tlally larger than its thickness. Moreover, the rope has pref-
erably but not necessarily at least one, preferably two broad
and substantially even surfaces, which broad surface can be

efficiently used as a force-transmitting surface utilizing
friction or a positive contact, because in this way a large
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contact surface is obtained. The broad surface need not be

completely even, but it may be provided with grooves or pro-

trusions or it may have a curved shape. The rope preferably
has a substantially uniform structure throughout its length,

but not necessarily, because, i1f desirable, the cross-section

can be arranged to be cyclically changing e.g. as a cogged
structure. The rope (10,20,30,40,50,60,70,80, 20,100,110,120)
comprises a load-bearing part (11, 21, 31, 41, 51, o1, 71, 81,
91, 101, 111, 121), which is made of a non-metallic fiber com-

posite comprising carbon fibers or glass fibers, preferably

carbon fibers, in a polymer matrix. The load-bearing part (or
possibly load-bearing parts) and its fibers are oriented in
the lengthwise direction of the rope, which is why the rope

retains 1ts structure at bending. Individual fibers are thus

substantially oriented in the longitudinal direction of the

rope. The fibers are thus oriented in the direction of the

force when a tensile force 1is acting on the rope. The afore-

sald reinforcing fibers are bound together by the aforesaid

polymer matrix to form an integral load-bearing part. Thus,
sald load-bearing part (11, 21, 31, 41, 51, 61, 71, 81, 91,
101, 111, 121) 1is a unitary coherent elongated bar-shaped

body. Said reinforcing fibers are long continuous fibers pref-
erably oriented in the lengthwise direction of the rope and
preferably extending throughout the length of the rope. Pref-

—

erably as many of the filbers, most preferably sﬁbstantially

all of the reinforcing fibers of said load-bearing part are

oriented in the lengthwise direction of the rope. In other

words, preferably the reinforcing fibers are substantially mu-
tually non-entangled. Thus, a load-bearing part 1is achieved
whose cross-sectional structure continues as unchanged as pos-
sible throughout the entire length of the rope. Said reinforc-
ing fibers are distributed as evenly as possible in the load-
bearing part to ensure that the load-bearing part is as homo-

geneous as possible in the transverse direction of the rope.

P

The bending direction of the ropes shown in figures la-1m

would be up or down in the figures.
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The rope 10 presented in Fig. la comprises a load-bearing com-
posite part 11 having a rectangular shape in cross-section and
surrounded by a polymer layer 1. Alternatively, the rope can
be formed without a polymer layer 1.

The rope 20 presented in Fig. 1lb comprises two load-bearing
composite parts 21 of rectangular cross-section placed side by
side and surrounded by a polymer layer 1. The polymer layer 1
comprises a protrusion 22 for guiding the rope, located half-

way between the edges of a broad side of the rope 10, at the

middle of the area between the parts 21. The rope may also
have more than two composite parts placed side by side in this

manner, as 1llustrated in Fig. lc.

The rope 40 presented in Fig. 1d comprises a number of load-
bearing composite parts 41 of rectangular cross-sectional
shape placed side by side 1in the widthwise direction of the
belt and surrounded by a polymer layer 1. The load-bearing
parts shown in the figure are somewhat larger in width than in

thickness. Alternatively, they could be implemented as having

a substantially square cross-sectional shape.

The rope 50 presented 1n Fig. le comprises a load-bearing com-
posite part 51 of rectangular cross-sectional shape, with a

F

wire 52 placed on either side of it, the composite part 51 and

the wire 52 being surrounded by a polymer layer 1. The wire 52

may be a rope or strand and 1s preferably made of shear-

resistant material, such as metal. The wire is preferably at

the same distance from the rope surface as the composite part
51 and preferably, but not necessarily spaced apart from the
composite part. However, the protective metallic part could

also be in a different form, e.g. a metallic lath or grid
which runs alongside the length of the composite part.

The rope 60 presented in Fig. 1f comprises a load-bearing com-
posite part 61 of rectangular cross-sectional shape surrounded

by a polymer layer 1. Formed on a surface of the rope 60 1s a
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wedging surface consisting of a plurality of wedge-shaped pro-
trusions 62, which preferably form a continuous part of the

polymer layer 1.

The rope 70 presented in Fig. 1lg compriées a load-bearing com-
posite part 71 of rectangular cross-sectional shape surrounded
by a polymer layer 1. The edges of the rope comprise swelled

portions 72, which preferably form part of the polymer layer
1. The swelled portions provide the advantage of guarding the

F

edges of the composite part e.g. against fravying.

The rope 80 presented in Fig. 1h comprises a number of load-
bearing composite parts 81 of round cross-section surrounded

by a polymer laver 1.

The rope 90 presented in Fig. 1li1 comprises two load-bearing
parts 91 of square cross-—-section placed side by side and sur-
rounded by a polymer layer 1. The polymer layer 1 comprises a
groove 92 1in the reglon between parts 91 to render the rope

more pliable, so that the rope will readily conform e.g. to

curved surfaces. Alternatively, the grooves can be used to
guide the rope. The rope may also have more than two composite

parts placed side by side in this manner as illustrated in
Fig. 1j.

The rope 110 presented in Fig. 1k comprises a load-bearing

composite part 111 having a substantially rectangular cross-
sectional shape. The width of the load-bearing part 111 is

larger than 1ts thickness in a transverse direction of the
rope. The rope 110 has been formed without at all using a
polymer layer like that described in the preceding embodi-
ments, so the load-bearing part 111 covers the entire cross-

section of the rope.

The rope 120 presented in Fig. 11 comprises a load-bearing
composite part 121 of substantially rectangular cross-
sectional shape having rounded corners. The load-bearing part
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121 has a width larger than its thickness in a transverse di-
rection of the rope and is covered by a thin polymer layer 1.
The load-bearing part 121 covers a main proportion of the
cross—-section of the rope 120. The polymer layer 1 1s very

thin as compared to the thickness of the load-bearing part in

the thickness-wise direction tl of the rope.

The rope 130 presented in Fig. 1lm comprises mutually adjacent
load-bearing composite parts 131 of substantially rectangular
cross—sectional shape having rounded corners. The load-bearing
part 131 has a width larger than its thickness in a transverse
direction of the rope and 1s covered by a thin polymer layer
1. The load-bearing part 131 covers a main proportion of the
cross—-section of the rope 130. The polymer layer 1 1s very
thin as compared to the thickness of the load-bearing part in -

Jr——ty

the thickness-wise direction tl of the répe. The polymer layer

1 is preferably less than 1.5 mm in thickness, most preferably

about 1 mm.

FEach one of the above-described ropes comprises at least one
integral load-bearing composite part (11, 21, 31, 41, 51, 61,
71, 81, 91, 101, 111, 121) containing synthetic reinforcing
fibers embedded in a polymer matrix. The reinforcing fibers
are most preferably continuous fibers. They are oriented sub-
stantially in the lengthwise direction of the rope, so that a
tensile stress is automatically applied to the fibers in their

lengthwise direction. The matrix surrounding the reinforcing
fibers keeps the fibers in substantially unchanging positions

relative to each other. Being slightly elastic, the matrix
serves as a means of equalizing the distribution of the force

applied to the fibers and reduces inter-fiber contacts and in-

P

ternal wear of the rope, thus increasing the service life of

the rope. Eventual longitudinal inter-fiber motion consists in
elastic shear exerted on the matrix, but the main effect oc-
curring at bending consists in stretching of all materials of

the composite part and not in relative motion between them.

The reinforcing fibers most preferably consist of carbon fi-
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ber, permitting characteristics such as good tensile stiff-

ness, low-weight structure and. good thermal properties to be
achieved. Alternatively, a reinforcement suited for some uses

is glass fiber reinforcement, which provides inter alia a bet-
ter electric insulation. In this case, the rope has a somewhat

lower tensile stiffness, so 1t -is possible to use small-
diameter drive sheaves. The composite matrix, in which indi-
vidual fibers are distributed as homogeneously as possible,

most preferably consists of epoxy, which has a good adhesion

to reinforcements and a good strength and behaves advanta-
geously 1n combination with glass and carbon fiber. Alterna-
tively, it 1s possible to use e.g. polyester or vinyl ester.
Most preferably the composite part
(10,20, 30,40,50,60,70,80,90, 100,110,120) comprises about 60%
carbon fiber and 40% epoxy. As stated above, the rope may com-—

prise a polymer layer 1. The polymer layer 1 preferably con-

sists of elastomer, most preferably high-friction elastomer,

such as e.g. polyurethane, so that the friction between the
drive sheave and the rope will be sufficient for moving the

rope.

The table below shows the advantageous properties of carbon

fiber and glass fiber. They have good strength and stiffness
properties while also having a good thermal resistance, which

1s 1mportant in elevators, because a poor thermal resistance

may result in damage to the hoisting ropes or even in the
ropes catching fire, which i1s a safety hazard. A good thermnal

conductivity contributes inter alia to the transmission of

frictional heat, thereby reducing excessive heating of the

drive sheave or accumulation of heat in the rope elements.

[ass fiber |Carbon fiber Aramid fiber

ka/m3 2540 1450
N/mm2 (3600 620
N/mm2 {75000 75000...120000

oftening temperatureideg/C 450...500, carbonizing
).05

trength

tiffness

~

hermal conductivit mK

-~ - "y -
- W -y .?';"%\ h .
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Fig. 2 represents an elevator according to an embodiment of

the invention in which a belt-like rope 1s utilized. The ropes

A and B are preferably, but not necessarily, 1mplemented ac-

cording to one of Figs. la-11l. A number of belt-like ropes A

and B passing around the drive sheave 2 are set one over the

other against each other. The ropes A and B are of belt-like

design and rope A 1s set against the drive sheave 2 and rope B

is set against rope A, so that the thickness of each belt-1like

po—

rope A and B in the direction of the center axis of the drive

sheave 2 is larger than in the radial direction of the drive

sheave 2. The ropes A and B moving at different radil have

different speeds. The ropes A and B passing around a divert-

ing pulley 4 mounted on the elevator car or counterweight 3

are connected together by a chain 5, which compensates the

yor— gore—
p—

ference between the ropes A and B moving at different

speed di:

speeds. The chain is passed around a freely rotating diverting

pulley 4, so that, 1f necessary, the rope can move around the

p—
p—

-:er_

diverting pulley at a speed corresponding to the speed di:

ence between the ropes A and B placed against the drive

sheave. This compensation can also be 1implemented in other

ways than by using a chain. Instead of a chain, it is possible

to use e.g. a belt or rope. Alternatively, 1t 1s possible to

omit the chain 5 and implement rope A and rope B depicted in

the figure as a single continuous rope, which can be passed

around the diverting pulley 4 and back up, so that a portion

of the rope leans agalinst another portion of the same rope

leaning against the drive sheave. Ropes set one over the other

can also be placed side by side on the drive sheave as illus-

trated in Fig. 3, thus allowing efficient space utilization.

In addition, it 1is also possible to pass around the drive

sheave more than two ropes one over the other.

FFig. 3 presents a detail of the elevator according to Fig. 2,

depicted in the direction of section A-A. Supported on the

drive sheave are a number of mutually superimposed ropes A and
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B disposed mutually adjacently, each set of said mutually su-
perimposed ropes comprising a number of belt-like ropes A and
B. In the figure, the mutually superimposed ropes are sepa-
rated from the adjacent mutually superimposed ropes by a pro-
trusion u provided on the surface of the drive sheave, said
protrusion u preferably protruding from the surface of the
dri\}e sheave along the whole length of the circumference, soO
that the protrusion u guides the ropes. The mutually parallel
protrusions u on the drive sheave 2 thus form between them
groove-shaped guide surfaces for the ropes A and B. The pro-
trusions u preferably have a height reaching at least up to
the level of the midline of the material thickness of the last
one B of the mutually superimposed ropes as seen 1n sequence
starting from the surface of the drive sheave 2. If desirable,
it is naturally also possible to implement the drive sheave 1in
Fig. 3 without protrusions or with protrusions shaped differ-
ently. Of course, 1f desirable, the elevator described can
also be implemented in such manner that there are no mutually

adjacent ropes but only mutually superimposed ropes A,B on the

drive sheave. Disposing the ropes in a mutually superimposed

manner enables a compact construction and permits the use of a

drive sheave having a shorter dimension as measured in the ax-

ial direction.

Fig. 4 represents the rope system of an elevator according to
an embodiment of the invention, wherein the rope 8 has been
arranged using a layout of reverse bending type, i.e. a layout
where the bending direction varies as the rope is moving from
pulley 2 to pulley 7 and further to pulley 9. In this case,
the rope span d is freely adjustable, because the variation in
bending direction is not detrimental when a rope according to

the invention 1is used, for the rope 1s non-braided, retains

its structure at bending and is thin 1in the bending direction.

At the same time, the distance through which the rope remains

in contact with the drive sheave may be over 180 degrees,

which 1s advantageous 1in respect of friction. The figure only

shows a view of the roping in the region of the diverting pul-
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1
to a known téchnology to the elevator car and/or counterweight

N

cys. From pulleys 2 and 9, the rope 8 may be passed according

and/or to an anchorage in the elevator shaft. This may be im-
plemented e.g. in such manner that the rope continues from

pulley 2 functioning as a drive sheave to the elevator car and

from pulley 9 to the counterweight, or the other way round. In

construction, the rope 8 is preferably one of those presented

in Figs. la-11.

Fig. 5 1is a diagrammatic representation of an embodiment of

the elevator of the invention provided with a condition moni-

toring arrangement for monitoring the condition of the rope

213, particularly for monitoring the condition of the polymer
coating surrounding the load-bearing part. The rope 1s pref-

erably of a type as illustrated above in one of Filgs. la-1l

and comprises an electrically conductive part, preferably a
part containing carbon fiber. The condition monitoring ar-
rangement comprises a condition monitoring device 210 con-

=

nected to the end of the rope 213, to the load-bearing part of

the rope 213 at a point near its anchorage 216, said part Dbe-

ing electrically conductive. The arrangement further comprises

a conductor 212 connected to an electrically conductlive, pref-

erably metallic diverting pulley 211 gulding the rope 213 and
also to the condition monitoring device 210. The condition
monitoring device 210 connects conductors 212 and 214 and has

been arranged to produce a voltage between the conductors. As

P

the electrically insulating polymer coating 1s wearing off,

its insulating capacity 1s reduced. Finally, the electrically

conductive parts inside the rope come 1into contact with the
pulley 211, the circuit between the conductors 214 and 212 be-

ing thus closed. The condition monitoring device 210 further
comprises means for observing an electric property of the cir-
cuit formed by the conductors 212 and 214, the rope 213 and
the pulley 211. These means may comprise e.g. a sensor and a
processor, which, upon detecting a change in the electric
property, activate an alarm about excessive rope wear. The

electric property to be observed may be e.g. a change in the
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electric current flowing through the aforesaid circuit or in

the resistance, or a change in the magnetic field or voltage.

Fig. 6 1s a diagrammatic representation of an embodiment of

——

the elevator of the invention provided with a condition moni-

toring arrangement for monitoring the condition of the rope

219, particularly for monitoring the condition of the load-

bearing part. The rope 219 1s preferably of one of the types
described above and comprises at least one electrically con-
ductive part 217, 218, 2206, 221, preferably a part containing
carbon fiber. The condition monlitoring arrangement comprises a
condition monitoring device 210 connected to the electrically
conductive part of the rope, which preferably is a load-
pbearing part. The condition monitoring device 210 comprises
means, such as e.g. a voltage or current source for transmit-

ting an excitation signal 1into the load-bearing part of the

rope 219 and means for detecting, from another point of the
load-bearing part or from a part connected to it, a response

signal responding to the transmitted signal. On the basis of

the response signal, preferably by comparing i1t to predeter-

mined limit wvalues by means of a processor, the condition

monitoring device has been arranged to infer the condition of
the load-bearing part in the area between the point of 1input
of the excitation signal and the point of measurement of the
response signal. The condition monitoring device has been ar-

F

ranged to activate an alarm if the response signal does not

fall within a desired range of values. The response signal

changes when a change occurs in an electric property dependent
on the condition of the load-bearing part of the rope, such as
resistance or capacitance. For example, resistance increasing

due to cracks will produce a change in the response signal,

from which change it can be deduced that the load-bearing part
1s 1n a weak condition. Preferably this is arranged as illus-

trated in Fig. 6 by having the condition monitoring device 210
placed at a first end of the rope 219 and connected to two

load-bearing parts 217 and 218, which are connected at the
second end of the rope 219 by conductors 222. With this ar-
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rangement, the condition of both parts 217, 218 can be moni-
tored simultaneously. When there are several objects to be

monitored, the disturbance caused by mutually adjacent load-

bearing parts to each other can be reduced by interconnecting

non-adjacent load-bearing parts with conductors 222, prefera-
bly connecting every second part to each other and to the con-

dition monitoring device Z210.

Fig. 7 presents an embodiment of the elevator of the invention
wherein the elevator rope system comprises one Or more ropes
10,20,30,40,50,60,70,80,90,100,110,120. The first end of the
rope 10,20,30,40,50,60,70,80,90,100,110,120,8 is secured to
the elevator car 3 and the second end to the counterweight 6.

The rope is moved by means of a drive sheave 2 supported on

the building, the drive sheave being connected to a power
source, such as e.g. an electric motor (not shown), imparting
rotation to the drive sheave. The rope is preferably of a con-

struction as 1llustrated in one of Figs. la-1l. The elevator
is preferably a passenger elevator, which has been installed
to travel 1n an elevator shaft S in the building. The elevator

presented in Fig. 7 can be utilized with certain modifications

for different hoisting heights.

An advantageous hoisting height range for the elevator pre-

-

150 me-

sented in Fig. 7 1s over 100 meters, preferably over

ters, and still more preferably over 250 meters. In elevators

of this order of hoisting heights, the rope masses already
have a very great importance regarding energy efficiency and

structures of the elevator. Consequently, the use of a rope

according to the invention for moving the elevator car 3 of a

high-rise elevator 1is particularly advantageous, because in

elevators designed for- large hoilsting heights the rope masses

have a particularly great effect. Thus, it 1is possible to
achieve, inter alia, a high-rise elevator having a reduced en-
ergy consumption. When the hoisting height range for the ele-
vator in Fig. 7 is over 100 meters, it is preferable, but not
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strictly necessary, to provide the elevator with a compensat-

ing rope.

The ropes described are also well applicable for use 1in coun-

terweighted elevators, e.g. passenger elevators in residential

—

buildings, that have a holsting height of over 30 m. In the

case of such hoisting heights, compensating ropes have tradi-
tionally been necessary. The present invention allows the mass
of compensating ropes to be reduced or even eliminated alto-
gether. In this respect, the ropes described here are even
better applicable for use 1in elevators having a hoistirig
height of 30-80 meters, because in these elevators the need
for a compensating rope can even be eliminated altogether.
However, the hoisting height is most preferably over 40 m, be-
cause in the case of such heights the need for a compensating
rope is most critical, and below 80 m, in which height range,
by using low-weight ropes, the elevator can, 1f desirable,

still be implemented even without using compensating ropes at

all. Fig. 7 depicts only one rope, but preferably the counter-
weight and elevator car are connected together by a number of

roOpes.

In the present application, ‘load-bearing part’ refers to a

rope element that carries a signlficant proportion of the load
imposed on the rope in its longitudinal direction, e.g. of the
load imposed on the rope by an elevator car and/or counter-
weight supported by the rope. The load produces in the load-
bearing part a tension 1in the longitudinal direction of the
rope, which tension 1s transmitted further in the longitudinal
direction of the rope 1inside the load-bearing part in ques-
tion. Thus, the load-bearing part can e.g. transmit the longi-
tudinal force imposed on the rope by the drive sheave to the
counterweight and/or elevator car in order to move them. For
example 1in Fig. 7, where the counterwelight 6 and elevator car

3 are supported by the rope
(10,20,30,40,50,60,70,80,90,100,110,120), more precisely
speaking by the load-bearing part 1in the rope, which load-
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bearing part extends from the elevator car 3 to the counter-
weight 6. The rope (20,30,40,50,60,70,80,90,100, 110,120) is
secured to the counterweight and to the elevator car. The ten-
sion produced by the weight of the counterweight/elevator car
is transmitted from the securing point via the load-bearing
part of the rope (10,20,30, 40,50,60,70,80,90,100,110,120) up-
wards from the counterweight/elevator car at least up to the

drive sheave 2.

As mentioned above, the reinforcing fibers of the load-bearing
part in the rope (10,20,30,40,50,60,70,80,90,100,
110,120,130,8,A,B) of the invention for a hoisting device, es-

pecially a rope for a passenger elevator, are preferably con-

tinuous fibers. Thus the fibers are preferably long fibers,

most preferably extending throughout the entire length of the

rope. Therefore, the rope can be produced by colling the relin-

forcing fibers from a continuous fiber tow, into which a poly-

mer matrix is absorbed. Substantially all of the reinforcing
fibers of the load-bearing part (11,21,31,41, 51,
61,71,81,91,101,121) are preferably made of one and the same

material.

As explained above, the reinforcing fibers in the load-bearing
part (11, 21, 31, 41, 51, el1l, 71, 81, 91, 101, 111, 121) are
contained in a polymer matrix. This means that, in the inven-
tion, individual reinforcing fibers are bound together by a
polymer matrix, e.g. by immersing them during manufacture into
polymer matrix material. Therefore, individual reinforcing fi-
bers bound together by the polymer matrix have between them
some polymer of the matrix. In the invention, a large quantity

g

of reinforcing fibers bound together and extendihg in the lon-

gitudinal direction of the rope are distributed in the polymer
matrix. The reinforcing fibers are preferably distributed sub-
stantially uniformly, 1i.e. homogeneously in the polymer ma-
trix, so that the load-bearing part i1s as homogeneous as pos-

sible as observed in the direction of the cross-section of the

rope. In other words, the fiber density in the cross-—section
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of the load-bearing part thus does not vary greatly. The rein-

forcing fibers together with the matrix constitute a load-
bearing part, inside which no chafing relative motion takes
place when the rope is being bent. In the invention, individ-
ual reinforcing fibers in the load-bearing part (11, 21, 31,
41, 51, i, 71, 81, 91, 101, 111, 121,131) are mainly sur-
rounded by the polymer matrix, but fiber-fiber contacts may
occur here and there because it is difficult to control the
positions of individual fibers relative to each other during

their simultaneous impregnation with polymer matrix, and, on

the other hand, complete elimination of incidental fiber-fiber
contacts 1s not an absolute necessity regarding the function-

ality of the invention. However, if their incidental occur-
rences are to be reduced, then 1t is possible to pre-coat in-
dividual reinforcing fibers so that they already have a poly-
mer coating around them before the individual reinforcing fi-

bers are bound together.

In the invention, individual reinforcing fibers of the load-
bearing part (11, 21, 31, 41, 51, 61, 71, 81, 91, 101, 111,
121, 131) comprise polymer matrix material around them. The
polymer matrix 1is thus placed immediately against the rein-
forcing fiber, although between them there may be a thin coat-
ing on the reinforcing fiber, e.g. a primer arranged on the

surface of the reinforcing fiber during production to improve
chemical adhesion to the matrix material. Individual reinforc-
ing fibers are uniformly distributed in the load-bearing part
(11, =21, 31, 41i, 51, ei, 71, 81, 91, 101, 111, 121, 131) so
that individual reinforcing fibers have some matrix polymer
between them. Preferably most of the spaces between individual
reinforcing fibers in the load-bearing part are filled with
matrix polymer. Most preferably substantially all of the
spaces between 1individual reinforcing fibers in the load-

"bearing part are filled with matrix polymer. In the inter-

fiber areas there may appear pores, but it is preferable to

minimize the number of these.
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The matrix of the load-bearing part (11, 21, 31, 41, 51, 6l,
71, 81, 91, 101, 111, 121, 131) most preferably has hard mate-
rial properties. A hard matrix helps support- the reinforcing
fibers especially when the rope 1is being bent. At bending, the
reinforcing fibers closest to the outer surfacé of the bent
rope are subjected to tension whereas the carbon fibers clos-
est to the inner surface are subjected to compression 1in their
lengthwise direction. Compressidon tends to cause the reinforc-
ing fibers to buckle. By selecting a hard material for the
polymer matrix, it is possible to prevent buckling of fibers,
because a hard material can provide support for the fibers and
thus prevent them from buckling and equalize tenslions within
the rope. Thus 1t 1s preferable, inter alia to permit reduc-

tion of the bending radius o~f the rope, to use a polymer ma-

trix consisting of a polymer that is hard, preferably other

than elastomer (an example of elastomer: rubber) or similar
elastically behaving or yielding material. The most preferable

materials are epoxy, polyester, phenolic plastic or vinyl es-

ter. The polymer matrix is preferably so hard that its coeffi-
cient of elasticity (E) is over 2 GPa, most preferably over

2.5 GPa. In this case, the .coefficient of elasticity is pref-
erably in the range of 2.5-10 GPa, most preferably in the
range of 2.5-3.5 GPa.

F'ig. 8 presents within a circle a partial cross-section of the

surface structure of the load-bearing part (as seen in the

P

lengthwise direction of the rope), this cross—-section showing

the manner in which the reinforcing fibers in the load-bearing
parts (11, 21, 31, 41, 51, 61, 71, 81, 91, 101, 111, 121, 131)
described elsewhere 1n the application are preferably arranged
in the polymer matrix. The figure shows how the reinforcing
fibers F are distributed substantially uniformly in the poly-
mer matrix M, which surrounds the fibers and adheres to the
fibers. The polymer matrix M fills the spaces between rein-
forcing fibers F and, consisting of coherent solid material,
binds substantially all reinforcing fibers F in the matrix to-

gether. This prevents mutual chafing between reinforcing fi-
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bers F and chafing between matrix M and reinforcing fibers F.
Between individual reinforcing fibers, preferably all the re-

inforcing fibers F and the matrix M there is a chemical bond,
which provides the advantage of structural coherence, among
other things. To strengthen the chemical bond, it is possible,
but not necessary, to provide a coating (not shown) between
the reinforcing fibers and the polymer matrix M. The polymer
matrix M 1s as described elsewhere in the application and may
comprise, besides a basic polymer, additives for fine adjust-
ment of the matrix properties. The polymer matrix M preferably

F

consists of a hard elastomer.

In the use according to the invention, a rope as described in

connection with one of Figs. la-lm is used as the hoisting
rope of an elevator, particularly a passenger elevator. One of
the advantages achieved is an improved energy efficiency of

the elevator. In the use according to the invention, at least

one rope, but preferably a number of ropes of a construction
such that the width of the rope is larger than .its thickness
in a transverse direction of the rope are fitted to support
and move an elevator car, said rope comprising a load-bearing
part (11, 21, 31, 41, 51, 61, 71, 81, 91, 101, 111, 121, 131)
made of a composite material, which composite material com-
prises reinforcing fibers, which consist of carbon fiber or
glass fiber, in a polymer matrix. The hoisting rope is most
preferably secured by one end to the elevator car and by the
other end to a counterweight in the manner described in con-
nection with Fig. 7, but it is applicable for use in elevators
without counterweight as well. Although the figures only show
elevators with a 1:1 hoisting ratio, the rope described is
also applicable for use as a hoisting rope in an elevator with
a 1l:2 hoisting ratio. The rope (10,20,30,40,50,60,70,80,90,
100,110, 120,130,8,A,B) 1s particularly well suited for use as
a hoisting rope in an elevator having a large hoisting height,

preferably an elevator having a hoisting height of over 100
meters. The rope defined can also be used to implement a new

elevator without a compensating rope, or to convert an old
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elevator into one without a compensating rope. The proposed
rope (10,20,30,40,50,60,70,80,90,100, 110,120,130,8,A,B) 1is
well applicable for use 1n an elevator having a hoisting
height of over 30 meters, preferably 30-80 meters, most pref-
erably 40-80 meters, and implemented without a compensating
rope. ‘Implemented without a compensating rope’ means that the
counterweight and elevator car are not connected by a compen-

satlng rope. Still, even thouéh there i1s no such specific com-

pensating rope, 1t 1s possible that a car cable attached to
the elevator car and especially arranged to be hanging between

the elevator shaft and elevator car may participate in the

gr—

compensation of the imbalance of the car rope masses. In the

case of an elevator without a compensating rope, it is advan-

tageous to provide the counterweight with means arranged to

engage the counterweight guide rails in a counterweight bounce

situation, which bounce situation can be detected by bounce

monitoring means, e.g. from a decrease in the tension of the

rope supporting the counterweight.

It 1s obvious that the cross-sections described in the present
application can also be utilized in ropes in which the compos-
ite has been replaced with some other material, such as e.g.
metal. It 1is likewise obvious that a rope comprising a
straight composite load-bearing part may have some other
cross—-sectional shape than those described, e.g. 'a round or

oval shape.

The advantages of the invention will be the more pronounced,
the greater the holsting height of the elevator. By utilizing
ropes according to the invention, it is possible to achieve a
mega-high-rise elevator having a hoisting height even as large
as about 500 meters. Implementing hoisting heights of this or-
der with prior-art ropes has been practically impossible or at
least economically unreasonable. For example, 1if prior-art
ropes 1n which the load-bearing part comprises metal braidings

were used, the hoisting ropes would weigh up to tens of thou-

- * . oiiiﬁ :.’ s N g = "
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sands of kilograms. Consequently, the mass of the hoisting
ropes would be considerably greater than the payload.

The invention has been described in the application from dif-
ferent points of view. Although substantially the same inven-
tion can be defined in different ways, entities defined by
definitions starting from different points of view may
slightly differ from each other and thus constitute separate

inventions independently of each other.

It is obvious to a person skilled in the art that the inven-
tion 1s not exclusively limited to the embodiments described
above, 1in which the invention has been described by way of ex-
ample, but that many variations and different embodiments of

the invention are possible within the scope of the inventive

concept defined in the claims presented below. Thus it is ob-

vious that the ropes described may be provided with a cogged

surface or some other type of patterned surface to produce a

positive contact with the drive sheave. It is also obvious

-

that the rectangular composite parts presented in Figs. la-11

may comprise edges more starkly rounded than those illustrated

- or edges not rounded at all. Similarly, the polymer layer 1 of

the ropes may comprise edges/corners more starkly rounded than
those illustrated or edges/corners not rounded at all. It is
likewise obvious that the load-bearing part/parts
(11,21,31,41,51,61,71,81,91) in the embodiments in Figs. la-17
can be arranged to cover most of the cross—-section of the

rope. In this case, the sheath-like polymer layer 1 surround-
ing the load-bearing part/parts is made thinner as compared to
the thickness of the load-bearing part in the thickness-wise

direction tl of the rope. It is likewise obvious that, in con-
junction with the solutions represented by Figs. 2, 3 and 4,
it 1s possible to use belts of other types than those pre-
sented. It 1s likewise obvious that both carborl fiber and

glass fiber can be used in the same composite part if neces-

sary. It is likewise obvious that the thickness of the pblymer
layer may be different from that described. It is likewise ob-
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vious that the shear-resistant part could be used as an addi-

tional component with any other rope structure showed in this

application. It 1is likewise obvious that the matrix polymer in

which the reinforcing fibers are distributed may comprise -
mixed in the basic matrix polymer, such as e.g. epoxy - auxil-
iary materials, such as e.g. reinforcements, fillers, colors,
fire retardants, stabilizers or corresponding agents. It is
likewise obvious that, although the polymer matrix preferably

does not consist of elastomer, the invention can also be util-

1zed using an elastomer matrix. It is also obvious that the
fibers need not necessarily be round in cross-section, but

they may have some other cross-sectional shape. It is further

obvious that auxiliary materials, such as e.g. reinforcements, -

fillers, colors, fire retardants, stabilizers or corresponding
agents, may be mixed in the basic polymer of the layer 1, e.q.
in polyurethane. It is likewise obvious that the invention can
also be applied in elevators designed for hoisting heights
other than those considered above.
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The embodiments of the present invention for which an

exclusive property or privilege 1s claimed are defined as

follows:
1. A rope for a hoisting device, said rope having a
width larger than 1ts thickness 1n a transverse
direction of the rope, comprising a load-bearing

sald composite

part made of a composite material,

material comprising reinforcing fibers 1n a polymer

matrix, the reinforcing fibers comprising carbon
fiber or glass filber, wherein said reinforcing
fibers are mutually non-entangled and parallel to

g

the lengthwilse direction of

the rope.

. The rope according to claim 1, wherein the hoisting

device 1s a passenger elevator.

. The rope according to claim 1 or 2,
whereiln individual reinforcing fibers are
homogeneously distributed in the aforesaid matrix.

. The rope according to any one of claims 1 to 3,

fibers are contlnuous

whereiln said reinforcing

fibers.

. The rope according to any one of claims 1 to /{4,
wWhereiln sald reinforcing fibers extend
throughout the entire length of the rope.

. The rope according to any one of claims 1 to b5,
whereailin sald reinforcing fibers are Dbound
together as an 1ntegral load-bearing part by said

polymer matrix.

salid
the

. The rope according to claim 6, whereailn

bound

integral load-bearing part by saild polymer matrix at

fibers are together as

reinforcing

the manufacturing stage by 1mmersing the reinforcing

fibers 1in a polymer matrix material.
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e

8. The rope according to any one of claims 1 to

Iy

wherein said load-bearing part 1is an 1integral

elongated body.

e

9. The rope according to any one of claims 1 to

W hereailin sald

coating to 1mprove

reln:

‘orcing fibers comprise

chemical adhesion between

reinforcing fibers and the matrix.

10. The rope according to any one of claims 1 to

Wwhereln the structure o:

substantially

g—

uniform

length of the rope.

P‘

structure throughout

—

11. The rope according to any one of claims 1 to

3,
d

the

=

- the rope continues as a

the

10,

whereilin the structure of the load-bearing part

contlnues as

d

throughout the length of the rope.

—

12. The rope according to any one of claims 1 to

substantially uniform structure

11,

wherelin the polymer matrix comprises non—elastomeric

material.

pr——

13. The rope according to any one of claims 1 to

whereln a coe

polymer matrix

P

“1clent

(M)

O

+

T 1
—

) of

elasticity (

1s over 2 GPa.

Pv

14. The rope according to any one of claims 1 to

whereln a coe:

polymer matrix

—
=

ficient

O

elasticaity (E) of

(M)1is over 2.5 GPa.

15. The rope according to any

wherelin a coes

polymer matrix

#

ficient

(M)

O

i

1S 1n the

16. The rope according to any

whereln a coe

polymer matrix

ﬁ

(M)

ficient

O

——

1s 1n the

pr—

one of claims 1 to

elasticity (E) of

range of 2.5-10 GPa.

gr—

one of claims 1 to

P
P

elasticity (E) of

pr—

range of 2.5-3.5 GPa.

12,
the

12,
the

12,
the

12,
the
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17. The rope according to any one of claims 1 to 160,

h

wherein the polymer matrix comprises one of

epoxy, polyester, phenolic plastic and vinyl ester.

——

18. The rope according to any one of claims 1 to 17,

pr——

wherein over 50% of the cross-sectional square

area of the load-bearing part comprises sald

reinforcing fiber.

y——

19. The rope according to any one of claims 1 to 17/,

el —
—

whereln 5b0%-80% of the cross-sectional area of

the load-bearing part comprises said reilnforcing

fi1ber.

20. The rope according to any one of claims 1 to 17,

— r—
—

wherein 55%-70% of the cross-—-sectional area of

the Jload-bearing part comprises said reinforcing

fi1ber.

o

21. The rope according to any one of claims 1 to 17,

— —

wherein about 60% of the cross-sectional area of

the load-bearing part comprises sald reinforcing

fiber and about 40% the matrix material.

P-

22. The rope according to any one of claims 1 to 5 and

8 to 21, whereilin the reinforcing fibers together

with the matrix material form an 1integral load-

bearing part, insilide which substantially no chafing

relative motion between fibers or between fibers and

matrix takes place.

—

23. The rope according to any one of claims 1 to 22,

pr——

wherein the width of the load-bearing part 1s

larger than 1i1its thickness 1n a transverse direction

—

of the rope.

pr—

24. The rope according to any one of claims 1 to 23,

pr—

Whereiln the rope comprises a number of aforesaid

load-bearing parts placed mutually adjacently.
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25. The rope according to any one O

whereilin the rope additionally

the composite part at least one met

20. The rope according to claim

metallic element 1s a wire, lath or

- claims 1 to 24,

comprises outside

allic element.

25, wherein the

metallic grid.

i

27. The rope according to any one O:
whereiln the load-bearing part

polymer laver.

- claims 1 to 26,

1s surrounded by a

—

28. The rope according to any one of claims 1 to 27/,

whereilin the polymer layer comp

29. The rope according to any one o:

rises elastomer.

p—

- claims 1 to 27,

whereailin the polymer laver

friction elastomer.

comprises high-

gr—

30. The rope according to any one O]

whereln the load-bearing part

malin proportion of the cross—-sectio

pr—

31. The rope according to any one of

10 to 30, wherelin the load-bearz

- claims 1 to 29,

(s) covers/cover a

n of the rope.

claims 1 to 8 and

ng part comprises

the polymer matrix, the reinforcing fibers bound

together by the polymer matrix, and a coating

provided around the fibers, and auxiliary materials

comprised within the polymer matrix

L 4

F‘

32. The rope according to any one o:

P‘

Whereln the structure of the r

substantially uniform structure

length of the rope and tThe rope

and at least substantially even s

- claims 1 to 3131,
ope continues as a

throughout the

comprises a broad

1de surface so as

to enable friction-based force-transmitting with the

broad surface.

33. The rope according to any one oO:

ﬁ

WwWhereiln the structure of the r

substantially uniform structure

- claims 1 to 31,
ope continues as a
throughout the
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ﬁ-—

length of the rope and the rope comprises a broad

and completely even side surface so as to enable

friction-based force-transmitting with the Dbroad

surface.

34. An elevator, which comprises a drive sheave, a

power source for rotating the drive sheave, an

ﬁ—-

elevator car and a rope system for moving the

elevator car by means of the drive sheave, said rope

system comprising at least one rope as defined 1in

pr——

any one of claims 1 to 33.

35. The elevator according to claim 34, whereiln

’-v

the elevator comprises a number of said ropes which

s
—

are fitted side by side against the circumference o:

e

the drive sheave.

36. The elevator according to claim 34, comprising a

first rope or rope portion (A) placed agalnst a

pulley and a second rope or rope portion (B) placed

against the first rope or rope portion, whereiln saild

first and second ropes or rope portions (A, B) are

pr—

fitted on the circumference of the pulley one over

gr—re

the other as seen from the direction of 1ts bending

radius.

37. The elevator according to c¢laim 36, whereiln

the pulley 1s the drive sheave.

38. The elevator according to claim 30 or 37,

wherein the first rope or rope portion (A) 1s

connected to the second rope or rope portion (B)

placed against 1t by a chain, connecting rope, belt
or eqgulivalent passed around a diverting pulley
mounted on at least one of the elevator car and a

counterweight.

39. The elevator according to any one of claims 34 to

38, wherein the rope passes around a first

diverting pulley, on which the rope 1s bent 1n a
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first bending direction, after which the rope passes

around a second diverting pulley, on which the rope
is bent in a second bending direction, this second

bending direction being substantially opposite to

the first bending direction.

ﬁ

40. The elevator according to any one of claims 34 to

39, whereiln the rope has been arranged to move

the elevator car and counterweight.

——

41. The elevator according to any one of claims 34 to

40, whereiln the elevator has been 1mplemented

without a compensating rope.

fr—

42 . The elevator according to any one of claims 34 to

41, wherein the elevator 1is a counterweilghted

fprem

elevator having a hoisting height of over 30 meters,

said elevator belng 1lmplemented without a

compensating rope.

—

43. The elevator according to any one of claims 34 to

41, wherein the elevator 1s a counterweighted

r'

elevator having a hoilisting height of 30-80 meters,

sald elevator belng ilmplemented without a

compensating rope.

o

44 . The elevator according to any one of claims 34 to

41, whereilin the elevator 1s a counterweighted

r-

elevator having a hoisting height of 40-80 meters,

said celevator beling implemented without a

compensating rope.

P-

45. The elevator according to any one of claims 34 to

41, wherein the elevator 1s a high-rise elevator.

416. The elevator according to claim 45, whereiln

F

the hoisting height of the elevator 1s over 75

meters.
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47. The elevator according to claim 45, whereln

the hoisting height of the elevator 1s over 100

melters.

48. The elevator according to claim 45, whereln

F—-

the hoisting height of the elevator 1s over 150

meters.

49. The elevator according to claim 45, where 1ln

r—-

che hoisting height of the elevator 1s over 250

meters.

50. Use of the rope for a hoisting device as defined 1n

g i~

any one of claims 1 to 33 as the hoisting rope of an

elevator.

51. Use of the rope for a hoisting device as defined 1in

'l

any one of claims 1 to 33 as the hoisting rope of a

passenger elevator.

52. The use according to c¢laim 50 or 51, wherein

g

the elevator 1s as defined 1n any one of claims 34

to 49,

ﬁ

53. The use according to any one of claims 50 to 52,

whereilin the rope i1is used to support and move the

elevator car.

pre=—

54. The use according to any one of claims 50 to 53,

whereiln the rope 1s used to support and move the

counterweight.

55. A rope for a holsting device, sald rope having a

g

width that 1s larger than a thickness thereof 1n a

transverse direction of the rope, comprising:

fr—

a load-bearing part made of a composite

material, sald composite materia. comprising

synthetic reinforcing fibers 1n a polymer matrix,

wherein said synthetic reinforcing fibers are
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mutually non-entangled and parallel to the

——

lengthwise direction of the rope.

56. An elevator, comprising:

a drive sheave; a power source for rotating the

drive sheave;

an elevator car; and

a rope system for moving the elevator car by

——

means of the drive  sheave, sald rope system

comprising:

at least one rope as defined in claim
55.
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