wo 20187109092 A2 | 0K 000 O 0O

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 June 2018 (21.06.2018)

(10) International Publication Number

WO 2018/109092 A2

WIPO I PCT

(51) International Patent Classification:
B66B 7/12 (2006.01)

(21) International Application Number:
PCT/EP2017/082835

(22) International Filing Date:
14 December 2017 (14.12.2017)

(72) Imventor: ANTIN, Kim; ¢/o KONE Corporation, Kar-
tanontie 1, 00330 Helsinki (FI).

(74) Agent: KOLSTER OY AB; (Salmisaarenaukio
P.O.Box 204, 00181 Helsinki (FI).

D,

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, 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, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

16204611.4 16 December 2016 (16.12.2016) EP

(71) Applicant: KONE CORPORATION [FI/FI]; Kartanontie
1, 00330 Helsinki (FI).

(54) Title: METHOD AND ARRANGEMENT FOR CONDITION MONITORING OF A HOISTING ROPE OF A HOISTING AP-
PARATUS

8 7 11 10 1 4 3 2 2 16
| — ////////// /f /////////////// 7ZZ. >14
| i O\ - N
| AnavzER [ 772 //////// /////////\//1:’/////’/// 777,

! UNIT , - ////////// ////////////// 7T 777 15
i FaE N

: —— /// ////// ‘ /// //// /j/////// 77

i '

| !

' | CONDITION | ! 1 B 5 6 2 2

| | MONITORING | |

| UNIT | e

a [ 9

Fig. 1

(57) Abstract: The invention relates to a method for condition monitoring of a hoisting rope of a hoisting apparatus, and to an arrange-
ment for condition monitoring of a hoisting rope of a hoisting apparatus, preferably of an elevator for transporting passengers and/or
goods. The arrangement for condition monitoring ot a hoisting rope (1), (22) of a hoisting apparatus according to the present invention,
in which the hoisting rope (1), (22) comprises a non-conductive coating (2), and a plurality of adjacent conductive load bearing mem-
bers (3-6) for bearing the load exerted on the hoisting rope (1), (22) in longitudinal direction thereof embedded in the coating (2) and
extending parallel to each other and to the longitudinal direction of the hoisting rope (1), (22), the coating (2) forming the surface of the
hoisting rope (1), (22) and extending between adjacent load bearing members (3-6) thereby isolating them from each other, comprises
a control system (7), said control system (7) comprising an analyzer unit (8) for generating and inserting propagating electromagnetic
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wave signals to an at least one parallel conductor transmission line (14-15) formed by said conductive load bearing members (3-6)
and for detecting and analyzing reflected electromagnetic wave signals from said an at least one parallel conductor transmission line
(14-15) formed by said conductive load bearing members (3-6).
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METHOD AND ARRANGEMENT FOR CONDITION MONITORING
OF A HOISTING ROPE OF A HOISTING APPARATUS

FIELD OF THE INVENTION

[0001] The invention relates to a method for condition monitoring of a
hoisting rope of a hoisting apparatus, and to an arrangement for condition
monitoring of a hoisting rope of a hoisting apparatus. Said hoisting apparatus

is preferably an elevator for transporting passengers and/or goods.

BACKGROUND OF THE INVENTION

[0002] Hoisting ropes typically include one or several load bearing
members that are elongated in the longitudinal direction of the rope, each load
bearing member forming a structure that continues unbroken throughout the
length of the rope. Load bearing members are the members of the rope which
are able to bear together the load exerted on the rope in its longitudinal
direction. The load, such as a weight suspended by the rope, causes tension
on the load bearing member in the longitudinal direction of the rope, which
tension can be transmitted by the load bearing member in question all the way
from one end of the rope to the other end of the rope. Ropes may further
comprise non-bearing components, such as an elastic coating, which cannot

transmit tension in the above described way.

[0003] In prior art, such hoisting ropes exist where the load bearing
members are embedded in non-conducting coating, such as polymer coating,
forming the surface of the hoisting rope and extending between adjacent load
bearing members thereby isolating them from each other both mechanically
and electrically.

[0004] For facilitating awareness of condition of the ropes, and thereby for
improving safety of the hoisting apparatus, monitoring of the condition of the
load bearing members has been proposed. The visual inspection of the
internal tensile elements is generally not possible and hence the need arises
for non-visual inspection. The condition monitoring has been proposed in prior



WO 2018/109092 PCT/EP2017/082835

10

15

20

25

art to be arranged by monitoring electrical parameters of the load bearing

members.

[0005] One known method for checking the condition of the tensile
elements is the resistance-based inspection, which is based on a measure of
the electrical resistance of the tensile elements. A change in the electrical
resistance or a deviation from an expected value is interpreted as a damage of
the tensile elements. There are some drawbacks to this method. It has been
found, however, that non negligible damages may nevertheless result in small
variations of the electrical resistance of common tensile elements such as steel
cords. Consequently, the sensitivity of the resistance- based inspection is not
satisfactory.

[0006] One prior art method for condition monitoring of a hoisting rope is to
place an electrically conductive member within the rope. The status of the
conductive member may be tested by applying an electrical current to the
member. If damage occurs to an extent great enough to break the conductive
member, the electrical circuit is broken. There are some drawbacks to this
method. In this method there is no qualitative information to indicate if the rope
is degrading during use as the first indication is provided by the broken
conductive member. Furthermore, the method provides no information on the

location of the damage along the length of the rope.

BRIEF DESCRIPTION OF THE INVENTION

[0007] The object of the invention is to introduce a method for condition
monitoring of a hoisting rope of a hoisting apparatus, as well as an
arrangement for condition monitoring of a hoisting rope of a hoisting apparatus,
wherein information is provided on the location of the damage along the length
of the hoisting rope of a hoisting apparatus. Advantageous embodiments are
furthermore presented, inter alia, wherein qualitative information about the

damage magnitude is provided.
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[0008] It is brought forward a new method for condition monitoring of a
hoisting rope of a hoisting apparatus, which hoisting rope comprises a non-
conductive coating, and a plurality of adjacent conductive load bearing
members for bearing the load exerted on the hoisting rope in longitudinal
direction thereof embedded in the coating and extending parallel to each other
and to the longitudinal direction of the hoisting rope, the coating forming the
surface of the hoisting rope and extending between adjacent load bearing
members thereby isolating them from each other, in which method a
propagating electromagnetic wave signal is generated and inserted to an at
least one parallel conductor transmission line formed by said conductive load
bearing members, a reflected electromagnetic wave signal from said an at
least one parallel conductor transmission line formed by said conductive load
bearing members is detected, said detected electromagnetic wave signal is
analyzed. Hereby, one or more of the above mentioned advantages and/or
objectives are achieved. These advantages and/or objectives are further
facilitated with the additional preferred features and/or steps described in the
following.

[0009] In a preferred embodiment of said method, said conductive load

bearing members are made of non-metal material.

[0010] In a preferred embodiment of said method, said conductive load
bearing members are made of composite material comprising electrically
conducting reinforcing fibers in polymer matrix, said reinforcing fibers

preferably being carbon fibers.

[0011] In a preferred embodiment, one or more parameters for determining
the condition of the hoisting rope is provided.

[0012] In a preferred embodiment, information about the location of
damage and/or about the magnitude of impedance mismatch is provided.

[0013] In a preferred embodiment, information for quantifying the severity
of the defect such as e.g. fiber damage is provided.
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[0014] In a preferred embodiment, after receiving said one or more
parameters for the determination of the condition of the hoisting rope condition

monitoring actions are performed.

[0015] In a preferred embodiment, said method further comprises the
following steps for improving an electrical contact between an analyzer unit
and the conductive load bearing members: cutting the end of the hoisting rope,
removing non-conductive materials around carbon fibers, coating exposed
fibers with metal, e.g. with copper or nickel, and soldering connections
interfaces of an analyzer unit to the coated exposed fibers of the hoisting rope
end.

[0016] In a preferred embodiment, said method further comprises the
following steps for improving an electrical contact between an analyzer unit
and the conductive load bearing members: cutting the end of the hoisting rope,
removing non-conductive materials around carbon fibers, and clamping
connection interfaces of an analyzer unit to the exposed fibers of the hoisting

rope end.

[0017] In a preferred embodiment, said method further comprises the
following steps for improving an electrical contact between an analyzer unit
and the conductive load bearing members: cutting the end of the hoisting rope,
removing non-conductive materials around carbon fibers, coating exposed
fibers with metal, e.g. with copper or nickel, clamping connection interfaces of
an analyzer unit to the coated exposed fibers of the hoisting rope end.

[0018] It is also brought forward a new arrangement for condition
monitoring of a hoisting rope of a hoisting apparatus, which hoisting rope
comprises a non-conductive coating, and a plurality of adjacent conductive
load bearing members for bearing the load exerted on the hoisting rope in
longitudinal direction thereof embedded in the coating and extending parallel to
each other and to the longitudinal direction of the hoisting rope, the coating
forming the surface of the hoisting rope and extending between adjacent load
bearing members thereby isolating them from each other, which arrangement
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comprises a control system, said control system comprising an analyzer unit
for generating and inserting propagating electromagnetic wave signals to an at
least one parallel conductor transmission line formed by said conductive load
bearing members and for detecting and analyzing reflected electromagnetic
wave signals from said an at least one parallel conductor transmission line

formed by said conductive load bearing members.

[0019] In a preferred embodiment of said arrangement, said conductive

load bearing members are made of non-metal material.

[0020] In a preferred embodiment of said arrangement, said conductive
load bearing members are made of composite material comprising electrically
conducting reinforcing fiber in polymer matrix, said reinforcing fibers preferably
being carbon fibers.

[0021] In a preferred embodiment, said analyzer unit provides one or more
parameters for determining the condition of the hoisting rope.

[0022] In a preferred embodiment, said analyzer unit according to the
present invention is a signal generator/analyzer unit, a network analyzer unit, a

scalar network analyzer unit or a vector network analyzer unit.

[0023] In a preferred embodiment, said control system comprises a
condition monitoring unit for monitoring one or more parameters provided by

the analyzer unit so as to determine condition of the hoisting rope.

[0024] In a preferred embodiment, said arrangement comprises
connections interfaces for coupling the analyzer unit to the conductive load
bearing members at the first end of the hoisting rope.

[0025] In a preferred embodiment, said arrangement comprises one or
more additional conductors extending unbroken throughout the length of the
hoisting rope.
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[0026] In a preferred embodiment, said one or more additional conductors
are of the same material as the conductive load bearing members.

[0027] In a preferred embodiment, said arrangement comprises additional
connections interfaces for coupling the analyzer unit to the conductive load
bearing members at the other end of the hoisting rope.

[0028] In a preferred embodiment, said arrangement comprises an at least
one impedance matching element arranged at the other end of the hoisting
rope connected between the ends of said load bearing members for matching
the impedance of said an at least one parallel conductor transmission line.

[0029] In a preferred embodiment, upon detecting of a reflected
electromagnetic wave signal having stable amplitude except for the repeated
peaks the analyzer unit provides one or more parameters for the determination

that the condition of the hoisting rope is faultless.

[0030] In a preferred embodiment, upon detecting of a reflected
electromagnetic wave signal having a defect indicating peaks the analyzer unit
provides one or more parameters for the determination that the condition of the
hoisting rope is has a fault and for the determination of the types of the defects
and condition of the hoisting rope.

[0031] In a preferred embodiment, said analyzer unit provides information
about the location of damage and/or about the magnitude of impedance

mismatch.

[0032] In a preferred embodiment, said analyzer unit provides information
for quantifying the severity of the defect such as e.g. fiber damage.

[0033] In a preferred embodiment, said hoisting rope is belt-shaped, i.e.
larger in width direction than thickness direction.



WO 2018/109092 PCT/EP2017/082835

10

15

20

25

[0034] In a preferred embodiment, said upon receiving said one or more
parameters for the determination of the condition of the hoisting rope, said

monitoring unit performs condition monitoring actions.

[0035] In a preferred embodiment, said analyzer carries out multiple
measurements by changing signal form, signal amplitude and/or signal

frequency.

[0036] In a preferred embodiment, said analyzer carries out measurements

for counter-acting distortion and attenuation effects.

[0037] In a preferred embodiment, said analyzer carries out measurements
for matching the impedance of the parallel conductor transmission lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] In the following, the present invention will be described in more
detail by way of example and with reference to the attached drawings, in
which:

Figure 1 illustrates an arrangement for condition monitoring of a hoisting rope
of a hoisting apparatus according to one embodiment of the present invention.

Figure 2 illustrates one example of a reflected electromagnetic wave signal
according to one embodiment of the present invention.

Figure 3 illustrates a preferred inner structure of the load bearing member
according to the present invention.

Figure 4 illustrates a three dimensional view of a section of the load bearing
member according to the present invention.

Figure 5A illustrates another arrangement for condition monitoring of a hoisting
rope of a hoisting apparatus according to one embodiment of the present
invention.

Figure 5B illustrates a third arrangement for condition monitoring of a hoisting
rope of a hoisting apparatus according to one embodiment of the present

invention.
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Figure 5C illustrates a fourth arrangement for condition monitoring of a hoisting
rope of a hoisting apparatus according to one embodiment of the present
invention.

Figure 6 illustrates an arrangement for condition monitoring of a hoisting rope
of a hoisting apparatus according to a fifth embodiment of the present
invention having a defect in the hoisting rope.

Figure 7 illustrates another example of a reflected electromagnetic wave signal
according to a fifth embodiment of the present invention having a defect in the
hoisting rope.

Figure 8 illustrates a method for condition monitoring of a hoisting rope of a
hoisting apparatus according to one embodiment of the present invention.
Figure 9 illustrates one example of a method for improving an electrical contact
arrangement between an analyzer unit and conductive load bearing members
of an arrangement for condition monitoring of a hoisting rope of a hoisting
apparatus according to one embodiment of the present invention.

Figure 10 illustrates another example of a method for improving an electrical
contact arrangement between an analyzer unit and conductive load bearing
members of an arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to one embodiment of the present invention.
Figure 11 illustrates a third example of a method for improving an electrical
contact arrangement between an analyzer unit and conductive load bearing
members of an arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to one embodiment of the present invention.

The foregoing aspects, features and advantages of the invention will be
apparent from the drawings and the detailed description related thereto.

DETAILED DESCRIPTION

[0039] Figure 1 illustrates an arrangement for condition monitoring of a
hoisting rope of a hoisting apparatus according to one embodiment of the
present invention. The hoisting rope 1 is belt-shaped, i.e. larger in width
direction than thickness direction and has a first end and other end 16. The
hoisting rope 1 comprises a non-conductive coating 2, and a plurality of
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conductive load bearing members 3-6 for bearing the load exerted on the
hoisting rope 1 in longitudinal direction thereof, which are adjacent in width
direction of the hoisting rope 1. The load bearing members 3-6 are embedded
in the non-conductive coating 2 and extend parallel to each other as well as to
the longitudinal direction of the hoisting rope 1 unbroken throughout the length
of the hoisting rope 1. The coating 2 forms the surface of the hoisting rope 1
and extends between adjacent load bearing members 3-6, thereby isolating
them from each other both mechanically and electrically. The said conductive
load bearing members 3-6 may be made of non-metal material. The said
conductive load bearing members 3-6 may be made of composite material
comprising electrically conducting reinforcing fibers in polymer matrix, said

reinforcing fibers preferably being carbon fibers.

[0040] The arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to the embodiment of the present invention
presented in Figure 1 also comprises a control system 7 for controlling the
hoisting apparatus. The control system 7 according to the presented
arrangement also comprises an analyzer unit 8 capable of generating and
inserting propagating electromagnetic wave signals to said conductive load
bearing members 3-6 and capable of detecting and analyzing reflected
electromagnetic wave signals from said conductive load bearing members 3-6.
The analyzer unit 8 according to the present invention may be a signal
generator/analyzer unit 8 or a network analyzer unit 8, such as e.g. a scalar
network analyzer unit 8 or a vector network analyzer unit 8. In an alternative
embodiment, the measurements can also be made in time-domain directly
using a signal generator, a power splitter, a directional coupler and an
oscilloscope. In the alternative embodiment the generated signal is split
between the oscilloscope for reference and the rope under testing; the
directional coupler is used for sensing only the reflected backwards travelling
wave and feeding it to the oscilloscope for analysis. The control system 7
according to the presented arrangement may also comprise a condition
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monitoring unit 9 for monitoring one or more parameters provided by the

analyzer unit 8 so as to determine condition of the hoisting rope 1.

[0041] The presented arrangement has connections interfaces 10-13 for
coupling the analyzer unit 8 to the conductive load bearing members 3-6 at the
other end 16 of the hoisting rope 1. In the arrangement for condition monitoring
of a hoisting rope of a hoisting apparatus according to the presented
embodiment of the present invention there is created a first parallel conductor
transmission line 14 using two individual conductive load bearing members 3,
4. Respectively, a second parallel conductor transmission line 15 is created
using two individual conductive load bearing members 5, 6. Consequently, two
transmission lines 14, 15 next to each other in the same hoisting rope 1 are

created.

[0042] In an alternative embodiment of the present invention, each
transmission line comprises of one conductive load bearing members 3-6 of a
plurality of conductive load bearing members 3-6 and an at least one additional
metallic or non-metallic conductor either embedded in the dielectric protective
coating or outside it in free air separated using standoffs. An additional
conductor of the same material as the load bearing conductor (preferably
carbon fiber), may be beneficial to make thermal effects symmetric, such as
thermal expansion or temperature dependency of electrical properties. The
said transmission line could be coaxial with a conductive shield around the
carbon fiber element. This would reduce interference from outside sources.
The said transmission line could be a microstrip line, with a plate of conductive
material, e.g. copper running in parallel with the carbon fiber element. This way
individual carbon fiber elements can be inspected one by one without relying
on a possibly broken adjacent carbon fiber element. The said transmission line
could be a stripline, with two ground plates on either side of the carbon fiber
element for better isolation compared to the microstrip line. The said
transmission line could also be a cage line with multiple parallel conductors
surrounding the center conductor, but not being in contact with each other like
the shielding of a coaxial line. Furthermore, the transmission line can
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experience losses due to dispersion caused by frequency-dependent phase
velocity. The said transmission line could also be a loaded transmission line so
as to increase inductance and to meet the Heaviside condition of a distortion-
free line. The said loading can be continuous or patched, e.g. by having the
conductor wrapped with a material with high magnetic permeability.

[0043] In the arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to the embodiment of the present invention a
propagating electromagnetic wave signal, e.g. an alternating voltage/current
signal is generated and inserted by the analyzer unit 8 which said alternating
voltage/current signals are inserted to said conductive load bearing members
3-6 for propagating in positive z-direction according well-established one-
directional wave equations. As the electromagnetic wave signal, e.g. the
alternating voltage/current signal propagating along the first parallel conductor
transmission line 14 or along the second parallel conductor transmission line
15 reaches the other end 16 of the hoisting rope 1 a portion of the said signal

will reflect back as a reflected electromagnetic wave signal.

[0044] The reflected electromagnetic wave signal reflecting from the
other end 16 of the hoisting rope 1 propagates back along the first parallel
conductor transmission line 14 or along the second parallel conductor
transmission line 15 and is detected and analyzed by the analyzer unit 8. After
the analysis the analyzer unit 8 provides one or more parameters for
monitoring by the condition monitoring unit 9. After the condition monitoring
unit 9 has received one or more parameters for the determination of the types
of the defects and condition of the hoisting rope 1 the condition monitoring unit

9 performs condition monitoring actions.

[0045] In another alternative embodiment of the present invention, there
are additional connection interfaces coupled to the conductive load bearing
members 3-6 at the other end 16 of the hoisting rope 1 also to the analyzer
unit 8. The benefit of making a connection at both ends is that the signal
direction can be reversed and the observed signal should look the same if no



WO 2018/109092 PCT/EP2017/082835

10

15

20

25

30

12

faults are present. This can be used to measure a transmission coefficient and
to find systematic errors in the setup. Having both the first end and the other
end 16 connected to the analyzer unit 8, e.g. a network analyzer 8 is beneficial
also if the fault is located close to either end because the travelled distance of

the wave is minimized and hence the power transfer losses also.

[0046] Figure 2 illustrates one example of a reflected electromagnetic
wave signal according to one embodiment of the present invention. In the
example shown in Figure 2 a reflected electromagnetic wave signal 17 is
reflected back from the other end 16 of the hoisting rope 1. In the reflected
electromagnetic wave signal 17 according to the presented embodiment there
can be detected repeated peaks 18, 19 reflected back from the other end 16 of
the hoisting rope 1. As the amplitude of the detected reflected electromagnetic
wave signal 17 is stable except for the repeated peaks 18, 19 reflected back
from the other end 16 of the hoisting rope 1 the analyzer unit 8 may provide
one or more parameters to the condition monitoring unit 9 for the determination

that the condition of the hoisting rope 1 is faultless.

[0047] Figure 3 illustrates a preferred inner structure of the load bearing
member according to the present invention. In Figure 3 the width direction w
and the thickness direction t of a load bearing member 3 is shown. In Figure 3
the cross section of the load bearing member 3 as viewed in the longitudinal
direction | of the load bearing member 3 is shown in particular. The rope could
alternatively have some other number of load bearing members 3, either more

or less than what is disclosed in the Figures.

[00438] The load bearing members 3-6 are made of composite material
comprising reinforcing fibers F embedded in polymer matrix m. The reinforcing
fibers F are more specifically distributed in polymer matrix m and bound
together by the polymer matrix, particularly such that an elongated rod-like
piece is formed. Thus, each load bearing member 3-6 is one solid elongated
rod-like piece. The reinforcing fibers F are distributed preferably substantially
evenly in the polymer matrix m. Thereby a load bearing member with
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homogeneous properties and structure is achieved throughout its cross
section. In this way, it can be also ensured that each of the fibers can be in
contact and bonded with the matrix m. Said reinforcing fibers F are most
preferably carbon fibers as they are electrically conducting and have excellent
properties in terms of load bearing capacity, weight and tensile stiffness, which
makes them particularly well suitable for use in elevator hoisting ropes.
Alternatively, said reinforcing fibers F can be of any other fiber material which
is electrically conducting. The matrix m comprises preferably of epoxy, but
alternative materials could be used depending on the preferred properties.
Preferably, substantially all the reinforcing fibers F of each load bearing
member 3-6 are parallel with the longitudinal direction of the load bearing
member 3-6. Thereby the fibers are also parallel with the longitudinal direction
of the hoisting rope 1 as each load bearing member is oriented parallel with the
longitudinal direction of the hoisting rope 1. Thereby, the fibers in the final
hoisting rope 1 will be aligned with the force when the hoisting rope 1 is pulled,
which ensures that the structure provides high tensile stiffness. This is also
advantageous for achieving unproblematic behavior of the internal structure,
particularly internal movement, when the hoisting rope 1 is bent.

[0049] The fibers F used in the preferred embodiments are substantially
untwisted in relation to each other, which provides them said orientation
parallel with the longitudinal direction of the hoisting rope 1. This is in contrast
to the conventionally twisted elevator ropes, where the wires or fibers are
strongly twisted and have normally a twisting angle from 15 up to 30 degrees,
the fiber/wire bundles of these conventionally twisted elevator ropes thereby
having the potential for transforming towards a straighter configuration under
tension, which provides these ropes a high elongation under tension as well as

leads to an unintegral structure.

[0050] The reinforcing fibers F are preferably long continuous fibers in
the longitudinal direction of the load bearing member, the fibers F preferably
continuing for the whole length of the load bearing member 3-6 as well as the
hoisting rope 1. Thus, the load bearing ability, good conductivity as well as
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manufacturing of the load bearing member 3-6 are facilitated. The fibers F
being oriented parallel with longitudinal direction of the hoisting rope 1, as far
as possible, the cross section of the load bearing member 3-6 can be made to
continue substantially the same in terms of its cross-section for the whole
length of the hoisting rope 1. Thus, no substantial relative movement can occur
inside the load bearing member 3-6 when it is bent.

[0051] As mentioned, the reinforcing fibers F are preferably distributed in
the aforementioned load bearing member 3-6 substantially evenly, in particular
as evenly as possible, so that the load bearing member 3-6 would be as
homogeneous as possible in the transverse direction thereof. An advantage of
the structure presented is that the matrix m surrounding the reinforcing fibers F
keeps the interpositioning of the reinforcing fibers F substantially unchanged. It
equalizes with its slight elasticity the distribution of a force exerted on the
fibers, reduces fiber-fiber contacts and internal wear of the hoisting rope, thus
improving the service life of the hoisting rope 1. The composite matrix m, into
which the individual fibers F are distributed as evenly as possible, is most
preferably made of epoxy, which has good adhesion to the reinforcement
fibers F and which is known to behave advantageously with carbon fiber.
Alternatively, e.g. polyester or vinyl ester can be used, but alternatively any
other suitable alternative materials can be used. Figure 3 presents inside the
circle a partial cross-section of the load bearing member 3-6 close to the
surface thereof as viewed in the longitudinal direction of the hoisting rope 1.
The reinforcing fibers F of the load bearing member 3-6 are preferably
organized in the polymer matrix m according to this cross-section. The rest
(parts not showed) of the load bearing member 3-6 have a similar structure.

[0052] Figure 4 illustrates a three dimensional view of a section of the
load bearing member according to the present invention. From the presented
Figure 3 and Figure 4 it can also be seen how the individual reinforcing fibers F
of a load bearing member 3 are substantially evenly distributed in the polymer
matrix m, which surrounds the reinforcing fibers F. The polymer matrix m fills

the areas between individual reinforcing fibers F and binds substantially all the
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reinforcing fibers F that are inside the matrix m to each other as a uniform solid
substance. A chemical bond exists between, the individual reinforcing fibers F
(preferably each of them) and the matrix m, one advantage of which is
uniformity of the structure. To improve the chemical adhesion of the reinforcing
fiber to the matrix m, in particular to strengthen the chemical bond between the
reinforcing fiber F and the matrix m, each fiber can have a thin coating, e.g. a
primer (not presented) on the actual fiber structure between the reinforcing
fiber structure and the polymer matrix m. However, this kind of thin coating is
not necessary. The properties of the polymer matrix m can also be optimized
as it is common in polymer technology. For example, the matrix m can
comprise a base polymer material (e.g. epoxy) as well as additives, which fine-
tune the properties of the base polymer such that the properties of the matrix
are optimized. The polymer matrix m is preferably of a hard non-elastomer as
in this case a risk of buckling can be reduced for instance. However, the
polymer matrix need not be non-elastomer necessarily, e.g. if the downsides of
this kind of material are deemed acceptable or irrelevant for the intended use.
In that case, the polymer matrix m can be made of elastomer material such as
polyurethane or rubber for instance. The reinforcing fibers F being in the
polymer matrix means here that the individual reinforcing fibers F are bound to
each other with a polymer matrix m, e.g. in the manufacturing phase by
immersing them together in the fluid material of the polymer matrix which is
thereafter solidified. In this case the gaps of individual reinforcing fibers bound
to each other with the polymer matrix comprise the polymer of the matrix. In
this way a great number of reinforcing fibers bound to each other in the
longitudinal direction of the hoisting rope are distributed in the polymer matrix.
As mentioned, the reinforcing fibers are preferably distributed substantially
evenly in the polymer matrix m, whereby the load bearing member is as
homogeneous as possible when viewed in the direction of the cross-section of
the hoisting rope. In other words, the fiber density in the cross-section of the
load bearing member 3-6 does not therefore vary substantially. The individual
reinforcing fibers of the load bearing member 3-6 are mainly surrounded with

polymer matrix m, but random fiber-fiber contacts can occur because
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controlling the position of the fibers in relation to each other in their
simultaneous impregnation with polymer is difficult, and on the other hand,
perfect elimination of random fiber-fiber contacts is not necessary from the
viewpoint of the functioning of the solution. If, however, it is desired to reduce
their random occurrence, the individual reinforcing fibers F can be pre-coated
with material of the matrix m such that a coating of polymer material of said
matrix is around each of them already before they are brought and bound
together with the matrix material, e.g. before they are immersed in the fluid

matrix material.

[0053] As above mentioned, the matrix m of the load bearing member 3-
6 is most preferably hard in its material properties. A hard matrix m helps to
support the reinforcing fibers F, especially when the hoisting rope bends,
preventing buckling of the reinforcing fibers F of the bent rope, because the
hard material supports the fibers F efficiently. To reduce the buckling and to
facilitate a small bending radius of the load bearing member 3-6, among other
things, it is therefore preferred that the polymer matrix m is hard, and in
particular non-elastomeric. The most preferred materials for the matrix are
epoxy resin, polyester, phenolic plastic or vinyl ester. The polymer matrix m is
preferably so hard that its module of elasticity E is over 2 GPa, most preferably
over 2.5 GPa. In this case the module of elasticity E is preferably in the range
2.5-10 GPa, most preferably in the range 2.5-3.5 GPa. There are commercially
available various material alternatives for the matrix m which can provide these

material properties.

[0054] Preferably over 50% of the surface area of the cross-section of
the load bearing member 3-6 is of the aforementioned electrically conducting
reinforcing fiber. Thereby, good conductivity can be ensured. Fibers F will be in
contact with each other randomly along their length whereby electromagnetic
wave signal inserted into the load bearing member will propagate within
substantially the whole cross section of the load bearing member. To be more
precise preferably 50%-80% of the surface area of the cross-section of the
load bearing member 3-6 is of the aforementioned reinforcing fiber, most
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preferably such that 55%-70% is of the aforementioned reinforcing fiber, and
substantially all the remaining surface area is of polymer matrix. In this way
conductivity and longitudinal stiffness of the load bearing member 3-6 are
facilitated yet there is enough matrix material to bind the fibers F effectively to
each other. Most preferably, this is carried out such that approx. 60% of the
surface area is of reinforcing fiber and approx. 40% is of matrix material.

[0055] Figure 5A llustrates another arrangement for condition
monitoring of a hoisting rope of a hoisting apparatus according to one
embodiment of the present invention. The hoisting rope 1 is belt-shaped, i.e.
larger in width direction than thickness direction and has a first end and other
end 16. The hoisting rope 1 comprises a non-conductive coating 2, and a
plurality of conductive load bearing members 3-6 for bearing the load exerted
on the hoisting rope 1 in longitudinal direction thereof, which are adjacent in
width direction of the hoisting rope 1. The load bearing members 3-6 are
embedded in the non-conductive coating 2 and extend parallel to each other
as well as to the longitudinal direction of the hoisting rope 1 unbroken
throughout the length of the hoisting rope 1. The coating 2 forms the surface of
the hoisting rope 1 and extends between adjacent load bearing members 3-6,
thereby isolating them from each other both mechanically and electrically. The
said conductive load bearing members 3-6 may be made of non-metal
material. The said conductive load bearing members 3-6 may be made of
composite material comprising electrically conducting reinforcing fibers (F) in
polymer matrix (m), said reinforcing fibers (F) preferably being carbon fibers.

[0056] The presented another arrangement for condition monitoring of a
hoisting rope of a hoisting apparatus according to the embodiment of the
present invention also comprises a control system 7 for controlling the hoisting
apparatus said control system 7 having an analyzer unit 8 and a condition
monitoring unit 9. The analyzer unit 8 is capable of generating and inserting
propagating electromagnetic wave signals to said conductive load bearing
members 3-6 and capable of detecting and analyzing reflected electromagnetic
wave signals from said conductive load bearing members 3-6. The condition
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monitoring unit 9 is capable of monitoring one or more parameters provided by

the analyzer unit 8 so as to determine condition of the hoisting rope 1.

[0057] The analyzer unit 8 according to the presented arrangement has
connections interfaces 10-13 coupled to the conductive load bearing members
3-6 of the hoisting rope 1. In the arrangement for condition monitoring of a
hoisting rope of a hoisting apparatus according to the embodiment of the
present invention there is created a first parallel conductor transmission line 14
using two individual conductive load bearing members 3, 4. Respectively, a
second parallel conductor transmission line 15 is created using two individual
conductive load bearing members 5, 6. Consequently, two transmission lines

14, 15 next to each other in the same hoisting rope 1 are created.

[0058] In the arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to the presented another embodiment of the
present invention also comprises an at least one impedance matching element
200, 205 arranged at the other end 16 of the hoisting rope 1. Of said at least
one impedance matching elements 200. 205 one element 200 is connected
between the ends of the load bearing members 3 and 4 for matching the
impedance of the first parallel conductor transmission line 14. Respectively of
said at least one impedance matching elements 200. 205 one element 205 is
connected between the ends of the load bearing members 5 and, 6, for
matching the impedance of the second parallel conductor transmission line 15.

[0059] In the arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to the presented another embodiment of the
present invention a propagating electromagnetic wave signal, e.g. an
alternating voltage/current signal is generated and inserted by the analyzer unit
8 which said alternating voltage/current signals are inserted to said conductive
load bearing members 3-6 for propagating in positive z-direction according
well-established one-directional wave equations. As the electromagnetic wave
signal, e.g. the alternating voltage/current signal propagating along the first
parallel conductor transmission line 14 or along the second parallel conductor
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transmission line 15 reaches the other end 16 of the hoisting rope 1 and said
at least one impedance matching element 200, 205 a portion of the said signal
will reflect back as a reflected electromagnetic wave signal. The reflected
electromagnetic wave signal reflecting from the other end 16 of the hoisting
rope 1 propagates back along the first parallel conductor transmission line 14
or along the second parallel conductor transmission line 15 and is detected
and analyzed by the analyzer unit 8.

[0060] The measured parameters can be scattering parameters which
describe the fraction of reflected/transmitted wave in relation to the incident
wave. If the input impedance is not matched with the characteristic impedance
of the rope, a reflection and transmission will occur already at the interface
between the input cable and rope. If the transmission line consisting of two
conductors is shorted or left open at the end, a reflection coefficient will be -1
or +1 respectively, i.e. full reflection will occur with or without a reversal of
phase. Also If the termination using said at least one impedance matching
element 200, 205is made to a load matching the characteristic impedance,
there is no mismatch and no reflection will occur. After the analysis the
analyzer unit 8 provides one or more parameters for monitoring by the
condition monitoring unit 9. After the condition monitoring unit 9 has received
one or more parameters for the determination of the types of the defects and
condition of the hoisting rope 1, the condition monitoring unit 9 performs

condition monitoring actions.

[0061] Figure 5B illustrates a third arrangement for condition monitoring
of a hoisting rope of a hoisting apparatus according to one embodiment of the
present invention. The arrangement for condition monitoring of a hoisting rope
of a hoisting apparatus presented in Figure 5B is similar to that of presented in
Figure 1 with the exception of that is provided one additional conductor 210
extending unbroken throughout the length of the hoisting rope 1. The analyzer
unit 8 according to the presented arrangement has an connection interface
coupled to the additional conductor 210.
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[0062] Figure 5C illustrates a fourth arrangement for condition
monitoring of a hoisting rope of a hoisting apparatus according to one
embodiment of the present invention. In the arrangement for condition
monitoring of a hoisting rope of a hoisting apparatus presented in Figure 5C
there is provided one additional conductor 211-214 running next to each of the
said conductive load bearing members 3-6 and extending unbroken throughout
the length of the hoisting rope 1. The analyzer unit 8 according to the
presented arrangement has connections interfaces coupled to the additional
conductors 211-214.

[0063] In the fourth arrangement for condition monitoring of a hoisting
rope of a hoisting apparatus according to the embodiment of the present
invention there is created parallel conductor transmission lines 151-154 of
which each using one individual conductive load bearing member 3-6 and one
additional conductor 211-214.

[0064] The additional conductors 210-214 presented in Figure 5B-5C
may be metallic or non-metallic conductors. The additional conductors 210-214
may be either embedded in the dielectric protective coating or outside it in free
air separated using standoffs. The additional conductors 210-214 may be of
the same material as the conductive load bearing member 3-6. The additional
conductors 210-214 may be made of non-metal material. The additional
conductors 210-214 may be made of composite material comprising
electrically conducting reinforcing fibers (F) in polymer matrix (m), said
reinforcing fibers (F) preferably being carbon fibers.

[0065] Figure 6 illustrates an arrangement for condition monitoring of a
hoisting rope of a hoisting apparatus according to a fifth embodiment of the
present invention having a defect in the hoisting rope. The arrangement for
condition monitoring of a hoisting rope of a hoisting apparatus presented in
Figure 6 is similar to that of presented in Figure 1 with the exception of that
there is a defect 23 in the first parallel conductor transmission line 14 of the
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defected hoisting rope 22 of Figure 6. The defected hoisting rope 22 is partially
broken from a defect 23 in the middle part of the defected hoisting rope 22.

[0066] In the arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to the presented fifth embodiment of the present
invention having defect in the hoisting rope a propagating electromagnetic
wave signal, e.g. an alternating voltage/current signal is generated and
inserted by the analyzer unit 8 which said alternating voltage/current signals
are inserted to said conductive load bearing members 3-6 for propagating in
positive z-direction according well-established one-directional wave equations.
As the electromagnetic wave signal, e.g. the alternating voltage/current signal
propagating along the defected first parallel conductor transmission line 14
reaches the defect 23 in the middle part of the conductive load bearing
member 3 of the first parallel conductor transmission line 14 a part of the said
signal will reflect back as a first portion of the reflected electromagnetic wave
signal and rest of the said signal will continue towards the end 24 of the

defected hoisting rope 22.

[0067] After this the rest of the electromagnetic wave signal propagates
from said defect 23 further along the defected first parallel conductor
transmission line 14 and the end 24 of the defected hoisting rope 22. At the
end 24 of the defected hoisting rope 22 of the rest of the electromagnetic wave
signal will reflect back as a second portion of the reflected electromagnetic
wave signal from the end 24 of the defected hoisting rope 22. The first and
second portions of the reflected electromagnetic wave signal reflecting from
the defected hoisting rope 22 propagate back along the first parallel conductor
transmission line 14 and is detected as a reflected electromagnetic wave
signal and analyzed by the analyzer unit 8. Furthermore, in the arrangement
for condition monitoring of a hoisting rope of a hoisting apparatus according to
the present invention, low-pass frequency sweep mode of the analyzer unit 8,
e.g. of a network analyzer 8, may be used. This gives not only information of
an impedance mismatch but also whether the discontinuity is capacitive or
inductive thus giving indication of the damage type.
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[0068] After the analysis the analyzer unit 8 provides one or more
parameters for monitoring by the condition monitoring unit 9. After the
condition monitoring unit 9 has received one or more parameters for the
determination that the condition of the hoisting rope 22 has a fault and for the
determination of the types of the defects and condition of the hoisting rope 1,
22 the condition monitoring unit 9 performs condition monitoring actions.

[0069] The arrangement for condition monitoring of a hoisting rope of a
hoisting apparatus according to the present invention may be used monitoring
a multiple different kinds of defects in the hoisting rope 1, 22 said multiple
different kinds of defects including porosity, dry fibers, improper curing, fiber
waviness/misalignment, matrix cracking, delamination, microbuckling, kinking,

fiber-matrix debonding, fiber failure, fatigue evolution and damage evolution.

[0070] Any time there is a discontinuity in the electrical properties of the
parallel conductor transmission line 14, 15, the -currently propagating
electromagnetic wave signal will split into a reflected electromagnetic wave
and a further propagating electromagnetic wave. Consequently, the reflected
electromagnetic wave signal detected and analyzed by the analyzer unit 8 may
comprise several reflected electromagnetic wave signal portions reflected from

different transmission line discontinuities.

[0071] Analyzing the reflected electromagnetic wave signal by the
analyzer unit 8 gives information about damages affecting electro-magnetic
properties, about the location of damage and also about the magnitude of
impedance mismatch. With the help of the present invention the severity of the

defect such as e.g. fiber damage can be quantified.

[0072] The analyzer unit 8 may be instructed to or may be automated to
carry out multiple measurements. Even thousands of measurements can be
carried out. While measuring, sources of electromagnetic noise (e.g. electric
motor) can be shut down for the duration of the measurements without
interfering with the operation of the elevator too much. In said multiple
measurements the analyzer unit 8 may change the generated propagating
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electromagnetic wave signal by changing e.g. signal form, signal amplitude
and/or signal frequency. Furthermore, the analyzer unit 8 may be instructed to
analyze the multiple measurements in the frequency-domain for counter-act
distortion and attenuation effects. Furthermore, the changing of the generated
propagating electromagnetic wave signal the analyzer unit 8 may carry out
changes for matching the impedance of the parallel conductor transmission
lines 14, 15.

[0073] Figure 7 illustrates another example of a reflected
electromagnetic wave signal according to a fifth embodiment of the present
invention having a defect in the hoisting rope. The defected hoisting rope 22
according to the presented embodiment is partially broken from a first defect
23 in the middle part of the defected hoisting rope 22. In the example shown in
Figure 7 a first portion of the reflected electromagnetic wave signal is reflected
back from the defect 23 in the middle part of the conductive load bearing
member 3 of the first parallel conductor transmission line 14, a second portion
of the reflected electromagnetic wave signal is reflected back from the end 24
of the defected hoisting rope 22. The first and second portions of the reflected
electromagnetic wave signal reflecting from the defected hoisting rope 22
propagate back along the first parallel conductor transmission line 14 and is
detected as a reflected electromagnetic wave signal and analyzed by the

analyzer unit 8.

[0074] In the reflected electromagnetic wave signal 25 according to the
presented fifth embodiment there can be detected unusual repeated peaks 26-
30 indicating a defect 23 in the middle part of the defected hoisting rope 22.
Furthermore, said defect 23 can be detected from the detected unusual
repeated peaks 26-30 reflected back from the defect 23 in the middle part of
the defected hoisting rope 22.

[0075] As from the detected reflected electromagnetic wave signal 25
the defect indicating peaks 26-30 can be detected and analyzed by the

analyzer unit 8, the analyzer unit 8 provides one or more parameters to the
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condition monitoring unit 9 for the determination of the types of the defects and
condition of the defected hoisting rope 22.

[0076] Figure 8 illustrates a method for condition monitoring of a hoisting
rope of a hoisting apparatus according to one embodiment of the present
invention. In the method for condition monitoring according to one embodiment
of the present invention an analyzer unit 8 first generates and transmits 31 a
propagating electromagnetic wave signal to plurality of conductive load bearing
members 3-6 for bearing the load exerted on the hoisting rope 1, 22 in
longitudinal direction thereof, said conductive load bearing members 3-6
forming parallel conductor transmission lines 14, 15. Thereafter, the analyzer
unit 8 detects 32 a reflected electromagnetic wave signal 17, 25 reflected back
along said parallel conductor transmission lines 14, 15. After detecting, the
said analyzer unit 8 analyzes 33 the detected reflected electromagnetic wave
signals 17, 25.

[0077] After carrying out the steps of inserting 31, detecting 32 and
analyzing 33 the analyzer unit 8 may or may not continue 34 with another
measurement and repeat steps 31-33. The analyzer unit 8 may be instructed
to or may be automated to carry out multiple measurements. In said multiple
measurements the analyzer unit 8 may change the generated propagating
electromagnetic wave signal by changing e.g. signal form, signal amplitude
and/or signal frequency. Furthermore, the changing of the generated
propagating electromagnetic wave signal the analyzer unit 8 may carry out
changes for matching the impedance of the parallel conductor transmission
lines 14, 15.

[0078] After carrying out enough measurements by repeating the steps
31-33 the analyzer unit 8 provides 35 one or more parameters to the condition
monitoring unit 9 for the determination of the types of the defects and condition
of the hoisting rope 1, 22. After receiving one or more parameters for the
determination of the types of the defects and condition of the hoisting rope 1,
22 the condition monitoring unit 9 performs 36 condition monitoring actions.
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[0079] Figure 9 illustrates one example of a method for improving an
electrical contact arrangement between an analyzer unit and conductive load
bearing members of an arrangement for condition monitoring of a hoisting rope
of a hoisting apparatus according to one embodiment of the present invention.
In the method for improving an electrical contact arrangement between an
analyzer unit and conductive load bearing members according to one
embodiment of the present invention the end of the hoisting rope 1, 22 is first
cut 37 without delaminating the hoisting rope 1, 22. The cutting 37 of the
hoisting rope 1, 22 end may be done e.g. with a high-speed abrasive disc. In
the cutting 37 process water or ethanol may be used as a coolant to prevent
the clogging of the said high-speed abrasive disc and to prevent the heating of

the polymer matrix of the hoisting rope 1, 22.

[0080] After the cutting 37 of the hoisting rope 1, 22 end non-conductive
materials such as thermoplastic polyurethane or other thermoplastic
elastomers and polymer matrix are removed 38 around the carbon fibers. The
removing 38 may e.g. be carried out using repeated rapid heating cycles for

example with oxy-acetylene or similar flame or with induction coils.

[0081] After the cutting 37 of the hoisting rope 1, 22 end and removing
38 non-conductive materials around the carbon fibers the exposed fibers are
coated 39 with metal such as e.g. copper or nickel for example using
electrodeposition.

[0082] In one example of a process for coating 39 said exposed fibers
the electrolyte may consist of an aqueous solution of copper sulfate (200
g/Liter CuSO4-5H20) and sulfuric acid (50 g/Liter H2SO4). In said coating
process high-purity copper anode may be used and a conductive load bearing
member of a hoisting rope may be used as a cathode to feed the current fed
through from the other end. Aluminum foil can be used to improve the electrical
connection of the cathode. A current density of 2-20 A/dm?, an electrode
potential difference of 0,2-6 V and a deposition time of one hour may be used.
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[0083] After the cutting 37 of the hoisting rope 1, 22 end, removing 38
non-conductive materials around the carbon fibers and coating 39 the exposed
fibers the connections interfaces 10-13 of the an analyzer unit 8 are soldered

40 directly to the coated exposed fibers of the hoisting rope 1, 22 end.

[0084] Figure 10 illustrates another example of a method for improving
an electrical contact arrangement between an analyzer unit and conductive
load bearing members of an arrangement for condition monitoring of a hoisting
rope of a hoisting apparatus according to one embodiment of the present
invention. In the method for improving an electrical contact arrangement
between an analyzer unit and conductive load bearing members according to
one embodiment of the present invention the end of the hoisting rope 1, 22 is
first cut 37 without delaminating the hoisting rope 1, 22. The cutting 37 of the
hoisting rope 1, 22 end may be done e.g. with a high-speed abrasive disc. In
the cutting 37 process water or ethanol may be used as a coolant to prevent
the clogging of the said high-speed abrasive disc and to prevent the heating of

the polymer matrix of the hoisting rope 1, 22.

[0085] After the cutting 37 of the hoisting rope 1, 22 end non-conductive
materials such as such as thermoplastic polyurethane or other thermoplastic
elastomers and polymer matrix are removed 38 around the carbon fibers. The
removing 38 may e.g. be carried out using repeated rapid heating cycles for

example with oxy-acetylene or similar flame or with induction coils.

[0086] After the cutting 37 of the hoisting rope 1, 22 end and removing
38 non-conductive materials around the carbon fibers the connections
interfaces 10-13 of the an analyzer unit 8 are clamped 41 directly e.g. by using
threaded screws to the exposed fibers of the hoisting rope 1, 22 end. In the
said connection interfaces 10-13 soft copper or aluminum foil may be used to

improve the connection.

[0087] Figure 11 illustrates a third example of a method for improving an
electrical contact arrangement between an analyzer unit and conductive load

bearing members of an arrangement for condition monitoring of a hoisting rope
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of a hoisting apparatus according to one embodiment of the present invention.
In the method for improving an electrical contact arrangement between an
analyzer unit and conductive load bearing members according to one
embodiment of the present invention the end of the hoisting rope 1, 22 is first
cut 37 without delaminating the hoisting rope 1, 22. The cutting 37 of the
hoisting rope 1, 22 end may be done e.g. with a high-speed abrasive disc. In
the cutting 37 process water or ethanol may be used as a coolant to prevent
the clogging of the said high-speed abrasive disc and to prevent the heating of
the polymer matrix of the hoisting rope 1, 22.

[0088] After the cutting 37 of the hoisting rope 1, 22 end non-conductive
materials such as thermoplastic polyurethane or other thermoplastic
elastomers and polymer matrix are removed 38 around the carbon fibers. The
removing 38 may e.g. be carried out using repeated rapid heating cycles for

example with oxy-acetylene or similar flame or with induction coils.

[0089] After the cutting 37 of the hoisting rope 1, 22 end and removing
38 non-conductive materials around the carbon fibers the exposed fibers are
coated 39 with metal such as e.g. copper or nickel for example using
electrodeposition.

[0090] After the cutting 37 of the hoisting rope 1, 22 end, removing 38
non-conductive materials around the carbon fibers and coating 39 the exposed
fibers the connections interfaces 10-13 of the an analyzer unit 8 are clamped
41 directly e.g. by using threaded screws to the coated exposed fibers of the
hoisting rope 1, 22 end. In the said connection interfaces 10-13 soft copper or

aluminum foil may be used to improve the connection.

[0091] the illustrated embodiments, the load bearing members 3-6 are
substantially rectangular. However, this is not necessary as alternative shapes
could be used. Said composite members 3-6 can be manufactured for example

in any known way, such as in the manner presented in WO2009090299A1.
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[0092] In the illustrated embodiments, the rope 1 comprises four load
bearing members 3-6. Of course, alternative configurations are possible,
where the arrangement is implemented with a rope provided with some other

number of load bearing members 3-6.

[0093] When referring to conductivity, in this application it is meant

electrical conductivity.

[0094] It is to be understood that the above description and the
accompanying Figures are only intended to teach the best way known to the
inventors to make and use the invention. It will be apparent to a person skilled
in the art that the inventive concept can be implemented in various ways. The
above-described embodiments of the invention may thus be modified or varied,
without departing from the invention, as appreciated by those skilled in the art
in light of the above teachings. It is therefore to be understood that the
invention and its embodiments are not limited to the examples described
above but may vary within the scope of the claims and their equivalents.
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CLAIMS

1. A method for condition monitoring of a hoisting rope (1), (22) of a
hoisting apparatus, which hoisting rope (1), (22) comprises a non-
conductive coating (2), and a plurality of adjacent conductive load
bearing members (3-6) for bearing the load exerted on the hoisting rope
(1), (22) in longitudinal direction thereof embedded in the coating (2)
and extending parallel to each other and to the longitudinal direction of
the hoisting rope (1), (22), the coating (2) forming the surface of the
hoisting rope (1), (22) and extending between adjacent load bearing
members (3-6) thereby isolating them from each other, in which method
- a propagating electromagnetic wave signal is generated and
inserted (31) to an at least one parallel conductor transmission line (14-
15) formed by said conductive load bearing members (3-6),

- a reflected electromagnetic wave signal (17), (25) from said an at
least one parallel conductor transmission line (14-15) formed by said
conductive load bearing members (3-6) is detected (32),

- said detected electromagnetic wave signal (17), (25) is analyzed
(33).

2. A method according to claim 1, wherein said conductive load

bearing members (3-6) are made of non-metal material.

3. A method according to claim 1, wherein said conductive load
bearing members (3-6) are made of composite material comprising
electrically conducting reinforcing fibers (F) in polymer matrix (m), said
reinforcing fibers (F) preferably being carbon fibers.

4. A method according to any of the preceding claims 1-3, wherein
one or more parameters for determining the condition of the hoisting
rope (1), (22) is provided (35).
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5. A method according to claim 4, wherein information about the
location of damage and/or about the magnitude of impedance mismatch
is provided (35).

6. A method according to claim 5, wherein information for
quantifying the severity of the defect such as e.g. fiber damage is
provided (35).

7. A method according to any of the preceding claims 4-6, wherein
after receiving said one or more parameters for the determination of the
condition of the hoisting rope (1), (22) condition monitoring actions are

performed.

8. A method according to any of the preceding claims 1-7, wherein
said method further comprises the following steps for improving an
electrical contact between an analyzer unit (8) and the conductive load
bearing members (3-6):

- cutting (37) the end of the hoisting rope (1), (22),

- removing (38) non-conductive materials around carbon fibers
(32),

- coating (39) exposed fibers with metal, e.g. with copper or nickel,
and

- soldering (40) connections interfaces (10-13) of an analyzer unit
(8) to the coated exposed fibers of the hoisting rope (1), (22) end.

9. A method according to any of the preceding claims 1-7, wherein
said method further comprises the following steps for improving an
electrical contact between an analyzer unit (8) and the conductive load
bearing members (3-6):

- cutting (37) the end of the hoisting rope (1), (22),

- removing (38) non-conductive materials around carbon fibers
(32), and
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- clamping connection interfaces (10-13) of an analyzer unit (8) to
the exposed fibers of the hoisting rope (1), (22) end.

10. A method according to any of the preceding claims 1-7, wherein
said method further comprises the following steps for improving an
electrical contact between an analyzer unit (8) and the conductive load
bearing members (3-6):

- cutting (37) the end of the hoisting rope (1), (22),

- removing (38) non-conductive materials around carbon fibers
(32),

- coating (39) exposed fibers with metal, e.g. with copper or nickel,
- clamping connection interfaces (10-13) of an analyzer unit (8) to
the coated exposed fibers of the hoisting rope (1), (22) end.

11.  An arrangement for condition monitoring of a hoisting rope (1),
(22) of a hoisting apparatus, which hoisting rope (1), (22) comprises a
non-conductive coating (2), and a plurality of adjacent conductive load
bearing members (3-6) for bearing the load exerted on the hoisting rope
(1), (22) in longitudinal direction thereof embedded in the coating (2)
and extending parallel to each other and to the longitudinal direction of
the hoisting rope (1), (22), the coating (2) forming the surface of the
hoisting rope (1), (22) and extending between adjacent load bearing
members (3-6) thereby isolating them from each other, which
arrangement comprises a control system (7), said control system (7)
comprising an analyzer unit (8) for generating and inserting propagating
electromagnetic wave signals to an at least one parallel conductor
transmission line (14-15) formed by said conductive load bearing
members (3-6) and for detecting and analyzing reflected
electromagnetic wave signals from said an at least one parallel
conductor transmission line (14-15) formed by said conductive load

bearing members (3-6).
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12. A condition monitoring arrangement according to claim 11,
wherein said conductive load bearing members (3-6) are made of non-

metal material.

13. A condition monitoring arrangement according to claim 11,
wherein said conductive load bearing members (3-6) are made of
composite material comprising electrically conducting reinforcing fibers
(F) in polymer matrix (m), said reinforcing fibers (F) preferably being

carbon fibers.

14. A condition monitoring arrangement according to any of the
preceding claims 11-13, wherein said analyzer unit (8) provides one or
more parameters for determining the condition of the hoisting rope (1),
(22).

15. A condition monitoring arrangement according to any of the
preceding claims 11-14, wherein said analyzer unit (8) according to the
present invention is a signal generator/analyzer unit (8), a network
analyzer unit (8), a scalar network analyzer unit (8) or a vector network

analyzer unit (8).

16. A condition monitoring arrangement according to claim 14 or
claim 15, wherein said control system (7) comprises a condition
monitoring unit (9) for monitoring one or more parameters provided by

the analyzer unit (8) so as to determine condition of the hoisting rope

(1), (22).

17. A condition monitoring arrangement according to any of the
preceding claims 11-16, wherein said arrangement comprises
connections interfaces (10-13) for coupling the analyzer unit (8) to the
conductive load bearing members (3-6) at the first end of the hoisting
rope (1), (22).
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18. A condition monitoring arrangement according to any of the
preceding claims 11-17, wherein said arrangement comprises one or
more additional conductors (210-214) extending unbroken throughout
the length of the hoisting rope (1), (22).

19. A condition monitoring arrangement according to any of the
preceding claims 11-17, wherein said one or more additional conductors
(210-214) are of the same material as the conductive load bearing

members (3-6).

20. A condition monitoring arrangement according to claim 17,
wherein said arrangement comprises additional connections interfaces
for coupling the analyzer unit (8) to the conductive load bearing
members at the other end (16) of the hoisting rope (1), (22).

21. A condition monitoring arrangement according to any of the
preceding claims 11-18, wherein said arrangement comprises an at
least one impedance matching element (200), (205) arranged at the
other end (16) of the hoisting rope (1), (22) connected between the ends
of said load bearing members (3-6) for matching the impedance of said
an at least one parallel conductor transmission line (14-15).

22. A condition monitoring arrangement according to any of the
preceding claims 11-19, wherein upon detecting of a reflected
electromagnetic wave signal (17) having a stable amplitude except for
the repeated peaks (18), (19) the analyzer unit (8) provides one or more
parameters for the determination that the condition of the hoisting rope

(1) is faultless.

23. A condition monitoring arrangement according to any of the
preceding claims 11-19, wherein upon detecting of a reflected
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electromagnetic wave signal (25) having a defect indicating peaks (26-
30) the analyzer unit (8) provides one or more parameters for the
determination that the condition of the hoisting rope (22) is has a fault
and for the determination of the types of the defects and condition of the
hoisting rope (22).

24. A condition monitoring arrangement according to any of the
preceding claims 11-21, wherein the said analyzer unit (8) provides
information about the location of damage and/or about the magnitude of

impedance mismatch.

25. A condition monitoring arrangement according to claim 22,
wherein said analyzer unit (8) provides information for quantifying the
severity of the defect such as e.g. fiber damage.

26. A condition monitoring arrangement according to any of the
preceding claims 11-23, wherein said hoisting rope (1), (22) is belt-
shaped, i.e. larger in width direction than thickness direction.

27. A condition monitoring arrangement according to any of the
preceding claims 11-24, wherein upon receiving said one or more
parameters for the determination of the condition of the hoisting rope
(1), (22), said monitoring unit (9) performs condition monitoring actions.

28. A condition monitoring arrangement according to any of the
preceding claims 11-25, wherein said analyzer (8) carries out multiple
measurements by changing signal form, signal amplitude and/or signal

frequency.

29. A condition monitoring arrangement according to claim 26,
wherein said analyzer (8) carries out measurements for counter-acting

distortion and attenuation effects.
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30. A condition monitoring arrangement according to claim 26 or
claim 27, wherein said analyzer (8) carries out measurements for
matching the impedance of the parallel conductor transmission lines
5 (14), (15).
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Fig. 3
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