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FIBRE ROPE AND HOISTING SYSTEM 
INCLUDING SUCH A FIBRE ROPE 

inside fibre ropes have been shown to influence premature 
failure of the ropes and thus the need for an even higher 
safety factor . Also , thermocouples repeatedly passing over 
sheaves in heave compensation mode have been shown to 
fail prematurely . 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

SUMMARY OF THE DISCLOSURE [ 0001 ] This application is a 35 U.S.C. S 371 national stage 
application of PCT / NO2017 / 050246 filed Sep. 26 , 2017 and 
entitled “ Fibre Rope and Hoisting System Including Such a 
Fibre Rope ” , which claims priority to European Patent 
Application No. 16190590.6 filed Sep. 26 , 2016 , each of 
which is incorporated herein by reference in their entirety 
for all purposes . 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[ 0002 ] Not applicable . 

FIELD OF THE INVENTION 

[ 0003 ] The present disclosure relates to a fibre rope . More 
particularly the present disclosure relates to a fibre rope 
particularly suitable for lifting operations , such as offshore 
hoisting operations . The disclosure also relates to a hoisting 
system for such lifting operations as well as to a method for 
operating such a hoisting system . 

BACKGROUND 

[ 0004 ] Offshore lifting cranes and their related equipment 
are getting increasingly larger and heavier in order to keep 
up with the requirements for lifting continually heavier 
loads , often in increasingly deep waters . Lifting cranes for 
deep water operations need winch drums suitable for storing 
several thousand meters of wire rope , often in the order of 
3000 meters or more , thus requiring large , heavy winch 
drums with equally large footprints . For hoisting loads in 
deep water operations it is often desirable to use fibre ropes 
due to their reduced weight compared to traditional steel 

[ 0007 ] The disclosure is directed to providing a remedy or 
to reduce at least one of the drawbacks of the prior art , or at 
least provide a useful alternative to prior art . 
[ 0008 ] In a first aspect , the disclosure relates to a fibre rope 
for lifting operations , such as offshore lifting operations , 
wherein said fibre rope comprises a plurality of magnets 
embedded within the fibre rope with an axial distance 
therebetween along the fibre rope . The distance between the 
axially - spaced magnets will preferably be predefined . 
[ 0009 ] The use of axially distributed magnets may be 
beneficial for measuring the distance between the magnets , 
where an increased distance indicates elastic or permanent 
elongation / creep of the rope . In order to obtain the desired 
distance data , the magnetic measurements may typically be 
combined with data about the rope hoisting speed as will be 
discussed below , though embodiments with a plurality of 
magnetic sensors provided with a fixed or variable distance 
therebetween are also envisioned which do not necessarily 
depend on the rope hoisting speed as input . 
[ 0010 ] In at least one embodiment , said magnets may be 
permanent magnets with a temperature - dependent magnetic 
field strength . This may be particularly useful to monitor 
both information about the rope elongation as well as 
indirect information about the temperature of the fibre rope 
through the magnetic field strength . Any magnet with tem 
perature - dependent magnetic field strength may be used , 
though neodymium - based magnets ( also known as NdFeB , 
NIB or Neo magnets ) , may be preferable due to their 
superior magnetic properties and well documented tempera 
ture dependence . Neodymium magnets , which are the most 
widely used type of rare - earth magnet , are permanent mag 
nets made from an alloy of neodymium , iron and boron to 
form the el4B tetragonal crystalline structure . Neo 
dymium magnets are usually graded according to their 
maximum energy product , which relates to the magnetic flux 
output per unit volume . Higher values indicate stronger 
magnets and range from N35 up to N52 . As embedded 
within a fibre rope according to the first aspect of the 
disclosure , it has been found that magnets of N42 and higher 
may be preferable due to their field strength , and thus better 
reliability as source for temperature and length measure 
ments . 
[ 0011 ] In one embodiment , said permanent magnets may 
be embedded in the core of said fibre rope , which may be 
useful to get an indirect measure of the core temperature of 
the fibre rope which would typically not be available from 
surface measurements . In particular , it may be beneficial to 
combine the indirectly measured core temperature with 
surface temperature measurements of the fibre rope as will 
be explained below . It may be a thermocouple or some other 
temperature sensor in contact with the fibre rope . However , 
preferably a non - contact temperature sensor , such as an IR 
sensor , may be used . By combining data about the core 
temperature of the fibre rope with data about the surface 
temperature , a radial gradient may easily be calculated as an 
indication of heat dissipation in the radial direction . Other 
locations for the embedded magnets are also envisioned , 

wire ropes . 
[ 0005 ] A challenge related to the use of fibre ropes is the 
difficulty of measuring the wear of the fibre ropes , and in 
particular to predict the lifetime of the fibre ropes . In 
practice , the difficulty of the predicting the wear has led to 
requirements of higher safety factors compared to when 
working with wire ropes made from steel . Currently , the 
industry standard requires a safety factor between 5 and 6 
when working with fibre ropes , implying the need for large 
diameter ropes and correspondingly large and heavy equip 
ment for handling the fibre ropes . One of the reasons why it 
is hard to predict the lifetime of fibre ropes is their very 
sensitive dependency on temperature , resulting from internal 
friction between the rope fibres , friction between the rope 
and the sheaves that it runs over during hoisting operations 
as well as the ambient temperature . In particular when used 
in heave compensation mode , where the same portion of the 
fibre rope undergoes numerous bending cycles under load 
during a period of time that can endure a few days , the wear 
might become excessive . In contrast to steel , the fibres may 
undergo an irreversible recrystallization process already at 
temperatures in the order of 60 ° C. 
[ 0006 ] Hoisting systems are known that use thermo 
couples to measure the temperature of wire ropes . The 
thermocouples have been shown to be difficult to install and 
hold in operation , including to pass over sheaves in the 
hoisting system . In addition , thermocouples embedded 
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such as near the rope's outer surface , or mid - way between 
the rope's outer surface and the core . A temperature gradient 
along the fibre rope is already available from the magnetic 
temperature measurements and / or infrared temperature mea 
surements along the rope . 
[ 0012 ] In one embodiment , said fibre rope may further be 
provided with a plurality of fibre rope position identifiers , 
such as RFID tags , along the fibre rope . This may be useful 
for uniquely identifying different length portions of the wire 
rope . If combined with magnetic , and potentially other , 
length measurements , this may be particularly useful for 
localizing wear such as any excess temperature exposure 
and potential creep and twist of the fibre rope . Other position 
identifiers , such as uniquely optically identifiable marks may 
also be used 
[ 0013 ] In one embodiment , it may also be useful if the 
fibre rope is provided with a plurality of optically detectable 
marks provided with an axial distance therebetween along 
the fibre rope . The optical marks may serve as a back - up 
and / or redundancy for the distributed magnets for length 
measurements and may as such make the fibre rope more 
versatile and robust in terms of length measurements . It may 
be advantageous if positions of the optical marks substan 
tially coincide with the positions of the embedded magnets 
along the fibre rope , which may simplify measurements and 
comparisons . The distance between the embedded magnets 
and potentially the optical marks may be in the order of 1 
meter , though a variety of different distances may be used . 
[ 0014 ] In one embodiment , the fibre rope may be provided 
with a continuous and optically detectable mark that extends 
along at least a portion of said fibre rope . This axial and 
optically detectable mark line may be used as an indicator 
for rope twist as will be explained below . " Optically detect 
able , ” as used herein , means that it is possible to distinguish 
it from the rest of the fibre rope by means of an optical 
sensor , such as by means of a camera , which does not 
necessarily have to operate in the part of the spectrum that 
is visible to a human eye . 
[ 0015 ] In a second aspect , the disclosure relates to a 
hoisting system for lifting applications , including offshore 
applications , said hoisting system comprising a fibre rope 
according to the first aspect of the disclosure described 
above . The hoisting system further comprises : 

[ 0016 ] a fibre rope hoisting speed sensor ; and 
[ 0017 ] a magnetic sensor configured to sense the pres 

ence of said magnets embedded in the fibre rope . 
[ 0018 ] Preferably the magnetic field strength and direction 
may also be sensed by said magnetic sensor . In the latter case 
a so - called 3D magnetic sensor may be used . One example 
of such a sensor is the three - dimensional hall effect sensor 
commercially available from Infineon Technologies AG . 
The 3 - dimensional mapping may show to be particularly 
useful if the rope can be measured and codified at defined 
lengths using different magnetic orientations and numbers . 
The small magnetic temperature variations may thus be 
detected also by the 3 - dimensional magnetic field variation , 
not only in one axis , but in three axes . 
[ 0019 ] The magnetic sensor may in the simplest form be 
any device capable of sensing the presence of a magnetic 
field , which may then , together with the speed sensor , 
provide a simple , robust and non - contact , non - intrusive 
distance measurement between the embedded magnets in the 
fibre rope . This may be useful for indicating creep , perma 
nent elongation or elastic elongation . Still , in a one embodi 

ment , the magnetic sensor should also be adapted to sense 
the magnetic field strength , while at the same time the 
embedded magnets should have a temperature - dependent 
magnetic field strength , which may then give an indirect 
indication of the temperature of the magnets . A hall effect 
sensor may be used for such measurements , and as described 
above hall effect sensors are also known that may measure 
the spatial variation of the magnetic field . The indirect 
temperature measurements may typically require a simple 
calibration in order to uniquely determine the temperature 
based on magnetic field strength data , however for several 
known magnetic materials such data may already be avail 
able from look - up tables . 
[ 0020 ] In one embodiment , the hoisting system may fur 
ther be provided with a fibre rope position sensor for sensing 
different fibre rope positon identifiers to uniquely identifying 
different length portions of said fibre rope . The fibre rope 
position identifier may typically be a RFID reader adapted to 
uniquely identify passive RFID tags in the fibre rope , but 
also position sensors in the form an optical and position 
identifiers in the form of unique optical marks , such as 
number codes , may be used . 
[ 0021 ] In a one embodiment , said hoisting system may 
further include an optical sensor configures to optically 
sense detectable marks on said fibre rope . The marks may be 
provided with an axial distance therebetween , as described 
above , and / or a continuous mark axially along the fibre rope . 
The marks with axial distance between them may be used for 
measuring elongation , while the axial continuous mark may 
be used to measure twist of the fibre rope . In certain 
embodiments , there may be provided a plurality of optical 
sensors distributed circumferentially around and / or axially 
along the fibre rope . A plurality of cameras may be beneficial 
for receiving an increased amount of data . Since the distance 
between each camera and the fibre rope will be predeter 
mined during use , one or more of the cameras may also be 
used to record the shape of the fibre rope , wherein any 
ovality and shape change may be detected . In addition or as 
an alternative the optical sensor may include one or more 
lasers . The optically detectable marks may , but need not , be 
visually detectable . 
[ 0022 ] In one embodiment said magnetic sensors , said 
fibre rope position sensors and said optical sensors may be 
provided within a common housing adapted for the passing 
of the fibre rope therethrough . The common housing may 
simply be provided as a box with holes for the passing of the 
fibre rope at two opposite ends and with different sensors , 
such cameras and sensors distributed axially along and 
circumferentially around the pathway of the fibre rope inside 
the housing . The housing may be beneficial for protecting 
the various sensing means , cameras and sensors , but the 
housing may also be useful for providing a pre - installed 
tool - kit with known characteristics and positions of the 
sensing means , including cameras and other sensors . It is 
therefore claimed that the housing with the various sensing 
means may even be useful with other types of wire ropes , i.e. 
other than fibre ropes , such as for steel ropes and composite 
( typically steel and fibre ) ropes . The housing with different 
sensing means configurations as described in the following 
is therefore included as one embodiment of a hoisting 
system according to the second aspect of the disclosure as 
used together with a fibre rope according to the first aspect 
of the disclosure . However , the housing with different sens 
ing means configurations as described herein may also be 
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regarded as a separate disclosure independent of the fibre 
rope and useful for any kind of wire rope , also outside the 
offshore environment . 
[ 0023 ] In one embodiment , the hoisting system may fur 
ther comprise an infrared sensor configured to sense the 
surface temperature of said fibre rope . Said infrared sensor 
may also be provided inside said housing if present . The 
infrared sensor , where employed , will give an indication of 
the temperature in the outer radial portion of the fibre rope , 
and the temperature distribution along length direction of the 
rope when the rope is moving . In addition , if used together 
with magnetic field data as indirect temperature measure 
ment , a temperature gradient in the radial direction of the 
fibre rope may also be easily calculated , which may be 
particularly useful for monitoring heat dissipation and the 
wear of the fibre rope . If the distributed magnets with a 
temperature - dependent magnetic field strength are embed 
ded at or near the core of the fibre rope , the temperature 
gradient across the full radius of the fibre rope may be 
calculated . 
[ 0024 ] In one embodiment , the hoisting system may be a 
knuckle - boom crane . Knuckle - boom cranes are known to be 
particularly useful in offshore environments , both because 
they occupy little deck space and because of their low centre 
of gravity compared to other cranes known to be used 
offshore . On a knuckle - boom crane , the main boom is 
hinged at the middle , thus creating a knuckle - boom . The 
luffing motion of both the main boom and the knuckle - boom 
is usually controlled with hydraulic cylinders . This way , 
movements of the load can be limited as the boom tip can be 
kept at a limited height above deck . This feature makes the 
crane both safe and efficient . The ability to knuckle in 
combination with the vessel's movement due to environ 
mental conditions , imply that loads imposed to the crane 
structure will vary both in magnitude and direction . In one 
particular embodiment , the winch drum may supported and 
integrated substantially vertically in a support structure , 
such as the king , of the knuckle - boom crane as disclosed in 
PCT / NO2016 / 050047 , the disclosure of which being incor 
porated herein by this reference . In an alternative embodi 
ment , the system may be a stand - alone winch system 
adapted to be used with any kind of crane or hoisting system . 
[ 0025 ] All sensors and sensing means , including cameras , 
mentioned herein as part of the hoisting system according to 
the second aspect of the disclosure may be connected to one 
or more control units for processing of recorded data . The 
one or more control units , which typically may include one 
or more programmable logic controls and / or microcon 
trollers , may be provided within said common housing if 
present , or the control unit may be external to the housing 
and connected to the cameras and sensors wirelessly or with 
via various wires . The control unit may also be connected to 
or provided with a storage unit for storing measured data . 
[ 0026 ] In particular , the hoisting system may include a 
control unit adapted to receive the measured magnetic field 
strength from the magnetic sensors and to calculate the 
temperature of the magnet , and thereby also the temperature 
at the core of the fibre rope , based on the measured magnetic 
field strength . 
[ 0027 ] It should also be noted that the hoisting system may 
be provided with cooling means for cooling at least a portion 
of the hoisting system and / or for keeping at least a portion 
of the hoisting system at a controlled atmosphere . Cooling 
may be constant or it may be triggered when sensed tem 

perature exceeds a predefined limit . In one embodiment , the 
whole winch and winch drum may be provided in a housing 
with a controlled , cooled atmosphere . Alternatively or in 
addition , the hoisting system may also be provided with 
means for cooling sheaves over which the fibre rope runs in 
heave compensation mode , where the friction - based tem 
perature increase may become particularly emphasized . 
Cooling may be done by means of water- or electrolyte 
based liquids , air jets or other cooling fluids . 
[ 0028 ] In a third aspect the disclosure relates to a method 
for operating a hoisting system according to the second 
aspect of the disclosure , the method comprising the steps of : 

[ 0029 ] measuring the hoisting speed of said fibre rope 
by means of said fibre rope hoisting speed sensor ; 

[ 0030 ] measuring the time between the passing of con 
secutive magnets by means of said magnetic sensor ; 

[ 0031 ] calculating the distance between consecutive 
magnets by means of said measured hoisting speed and 
said measured time between the passing of said con 
secutive magnets ; and 

[ 0032 ] comparing said calculated distance between the 
magnets with an original , predefined distance between 
the magnets . 

[ 0033 ] The hoisting speed sensor may be any device 
adapted to measure and / or calculate the hoisting speed of the 
wire rope , directly or indirectly . In certain embodiments , the 
hoisting speed may be calculated from the measured rota 
tional speed of a winch drum from which the fibre rope is 
reeled or a sheave over which the wire rope runs during a 
hoisting operation , such as by means of a tachometer or an 
encoder . The encoder may preferably be absolute , though an 
incremental one may also be useful in most embodiments . 
[ 0034 ] In one embodiment , the method may further com 
prise the steps of : 

[ 0035 ] measuring the magnetic field strength of said 
magnets embedded in the fibre rope ; and 

[ 0036 ] calculating the temperature of the magnets by 
means of said measured magnet field strength . 

[ 0037 ] As mentioned above , the conversion from mea 
sured magnetic field strength to temperature may be based 
on pre - calibration of the magnets and / or data found in 
available look - up tables . 
[ 0038 ] In one embodiment the method may also comprise 
the steps of : 

[ 0039 ] measuring the time between the passing con 
secutive optically detectable transverse marks on the 
fibre rope ; and 

[ 0040 ] comparing the distance between consecutive 
transverse marks with an original value . 
BRIEF INTRODUCTION OF THE DRAWINGS 

[ 0041 ] In the following is described exemplary embodi 
ments as illustrated in the accompanying drawings , wherein : 
[ 0042 ] FIG . 1 shows , in a side view and in a cross 
sectional side view , a fibre rope according to the present 
disclosure ; 
[ 0043 ] FIG . 2 shows , in a cross - sectional view and in 
larger scale , the fibre rope from FIG . 1 ; 
[ 0044 ] FIG . 3 shows , in a side view , a hoisting system 
according to the second aspect of the disclosure ; 
[ 0045 ] FIG . 4 shows a detail from FIG . 3 ; 
[ 0046 ] FIG . 5 shows , schematically , a housing with a fibre 
rope running therethrough ; 
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[ 0047 ] FIG . 6 shows , in a cross - sectional side - view , a 
housing , including several sensors , with a fibre rope running 
therethrough ; and 
[ 0048 ] FIG . 7 shows , in a perspective and partially trans 
parent view , a housing with a fibre rope running there 
through 

DETAILED DESCRIPTION OF THE 
DISCLOSED EXEMPLARY EMBODIMENTS 

[ 0049 ] In the following the reference numeral 1 will 
indicate a fibre rope according to the first aspect of the 
present disclosure , whereas the reference numeral 10 indi 
cates a hoisting system according to the second aspect of the 
disclosure . Identical reference numeral will indicate identi 
cal or similar features in the drawings . The drawings are 
shown simplified and schematic and the various features in 
the drawings are not necessarily drawn to scale . 
[ 0050 ] The upper portion of FIG . 1 shows a part of a fibre 
rope 1 , while the lower portion of the figure shows the same 
part of the fibre rope 1 in a cross - section along the rope . In 
the shown embodiment the fibre rope comprises High 
Modulus Polyethylene ( HMPE ) and / or High - Performance 
Polyethylene ( HPPE ) fibres , but it could also be based on 
any other type of fibre , such as e.g. ara - mid , liquid crystal 
polymer , polyamides , polyester , carbon etc. As can be seen 
from the upper portion of FIG . 1 , the outside of the fibre rope 
1 is provided with optically detectable , transverse marks 2 
with a fixed , axial distance therebetween . The distance in the 
shown embodiment is in the order of 1 meter and it will be 
predefined . Other predefined distances may be used in other 
hoisting systems 10. As will be explained in the following , 
the distance between consecutive marks 2 will be indirectly 
measured in real - time , where an increased length may be 
indicative excessive creep due to heating and / or load . In 
addition to the transverse marks 2 provided around the 
circumference of the fibre rope 1 , the outside out the fibre 
rope 1 is also provided with an optically detectable continu 
ous mark 4 along the axial length of the shown portion of the 
fibre rope 1. The continuous mark 4 may be used to measure 
ocal twisting of the fibre rope 1 as will also be explained 
below , where excessive twisting may also be a discard 
criteria . The fibre rope 1 is further provided with a plurality 
of fibre rope position identifiers 6 , shown as RFID tags in 
this exemplary embodiment . The RFID tags 6 are embedded 
in the fibre rope 1 , such as near the outer surface of the fibre 
rope , in order to uniquely identify various length portions of 
the fibre rope 1. The unique identification of various length 
portions of the fibre rope 1 becomes particularly useful in 
combination with the sensing of other fibre rope parameters , 
such as length extension , twist and temperature so as to be 
able to identify which portions of the fibre rope 1 are 
exposed to the mentioned wear - critical parameters . The 
distance between the RFID tags 6 along the fibre rope 1 may , 
but need not be , similar to the distance between the optically 
detectable transverse marks 2. In the shown embodiment , 
the optically detectable marks are also visually detectable . 
[ 0051 ] The lower portion of FIG . 1 shows a cross - section 
along the length of the fibre rope 1. A plurality of magnets 
8 are embedded in the fibre rope 1 substantially at the core 
12 , i.e. the radial centre , of the fibre rope 1. In the shown 
embodiment , the magnets 8 are separated from the rest of the 
fibre rope 1 by means of a protective sleeve 14 , which may 
be particularly useful if the fibre rope is to be submerged in 
water . The sleeve 14 will create an impediment between the 

magnets 8 and sea water , thus preventing deterioration and 
magnetic field loss of the magnets . The sleeve 14 may 
typically comprise a polymeric material which is flexible 
and compact . The magnets 8 are of a permanent type with a 
temperature - dependent magnetic field strength , which 
makes it possible to measure the core temperature of the 
fibre rope by means of magnetic field strength measure 
ments , typically with one or more hall - effect sensors con 
nectable to a control unit as will be explained below . The 
axial distance between the magnets along the rope may 
coincide with the distance between the transverse visual 
marks 2. The combined use of both visual transverse marks 
2 and embedded magnets 8 gives redundancy in the fibre 
rope 1 elongation monitoring . Fibre ropes 1 are already 
known that are provided with an internal sleeve 14 for 
improving radial stiffness of the rope . As such , the magnets 
8 may be included inside such a sleeve 14 , thus exploiting 
the already existing infrastructure . 
[ 0052 ] FIG . 2 is a cross - section , in a larger scale than FIG . 
1 , of the fibre rope 1 in a plane perpendicular to the length 
of the fibre rope 1. The magnet 8 is shown in the protective 
sleeve 14 surrounded by HMPE fibre 16 . 
[ 0053 ] FIG . 3 shows a hoisting system 10 according to the 
second aspect of the disclosure , the hoisting system 10 
comprising a fibre rope 1 according to the first aspect of the 
disclosure . In the shown exemplary embodiment the hoist 
ing system 10 is provided as a knuckle - boom crane 10 , 
though the fibre rope 1 could be used in any kind of hoisting 
system , including on any kind of crane and also in stand 
alone winch systems . This particular kind of knuckle - boom 
crane 10 , which is provided with a not shown winch drum 
orientated with the drum axis substantially vertical and with 
the winch drum as an integrated part of the crane support 
structure , was described in PCT / NO2016 / 050047 . The 
knuckle boom crane 10 may be use to lower and lift heavy 
loads to and from a seabed several thousand meters below 
sea - level . The knuckle - boom crane 10 will be moving 
together with the vessel on which is it placed due the impact 
of waves and wind . In certain parts of such a hoisting 
operation it may be necessary to keep the load substantially 
fixed relative to the seabed or to another reference system 
not moving together with the knuckle - boom crane 10. It may 
therefore be necessary to operate the knuckle - boom crane 10 
in heave compensation mode , implying that the same por 
tion of the fibre rope 1 undergoes numerous bending cycles 
under load , which may lead to excessive heating and poten 
tially unacceptable wear of portions of the fibre rope 1 . 
[ 0054 ] To monitor the temperature , elongation , twist and 
potentially also shaped change of the wire rope 1 , a housing 
16 , including a plurality of various sensors as will be 
explained in the following , is installed near a guiding sheave 
18 on a main boom 20 of the knuckle - boom crane 10 . 
Several such housings 16 may be installed along the length 
of the wire on the knuckle - boom crane 10 for measuring 
simultaneously on multiple locations along the fibre rope 1 , 
but only one is used in the shown embodiment . Another 
housing 16 could e.g. be placed near a second guiding 
sheave 22 at the distal end of the main boom 20 where the 
knuckle - boom 24 is rotatably connected . The luffing motion 
of the knuckle - boom crane 10 is enabled by means of a first 
cylinder 19 adapted to lift and lower the main boom 20 , 
while the knuckle - boom crane 10 is further provided with a 
second cylinder 26 for articulating the knuckle - boom 10 
relative to the main boom 20 as will be understood by a 
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person skilled in the art . A load suspension member 28 in the 
form of a hook is connected to the end of the fibre rope 1 
hanging from the distal end of the knuckle - boom 24 for the 
connection of a not shown load to the fibre rope 1. The 
knuckle - boom crane 10 is also adapted to slew in the 
horizontal plane relative to a not shown pedestal . 
[ 0055 ] FIG . 4 shows an enlarged portion of the encircled 
part B from FIG . 3. The figure shows schematically the fibre 
rope 1 running through the housing 16 covering multiple 
sensors . The housing 16 is placed immediately after the 
guiding sheave 18 on the main boom 20 in the direction from 
the not shown winch drum towards the second guiding 
sheave 22 and the load suspension member 24 as shown in 
FIG . 3 . 
[ 0056 ] The housing 16 with the fibre rope 1 running 
therethrough is shown in a perspective view in FIG . 5 and 
in a semi - transparent perspective view in FIG . 7 , while FIG . 
6 shows the housing 16 and fibre rope 1 in an end - view in 
an upper portion of the figure and in a cross - section through 
the line A - A in the lower portion of the figure . Inside the 
housing 16 , there is provided two magnetic sensors 30. The 
magnetic sensors 30 are adapted to sense the passing of the 
magnets 8 through the housing 16. The hoisting system 10 
is also provided with a not shown control unit including a 
timer function for measuring the time between the passing of 
consecutive magnets . Combined with input about fibre rope 
1 speed , this makes it possible to calculate the distance 
between the embedded magnets 8 , and hence also any 
change in distance . In the exemplary embodiment shown , 
the magnets 8 are of a permanent type with a magnetic field 
strength dependent on temperature . The magnetic sensors 30 
are therefore , in this shown embodiment , of a type adapted 
to measure the magnetic field strength of the magnets 8. This 
makes it possible to calculate the core temperature of the 
fibre rope 1 in a reliable , efficient and non - intrusive way . The 
conversion from measured magnetic field strength to tem 
perature may be found in a simple pre - calibration experi 
ment , or it may also be found in look - up tables for certain 
frequently used permanent magnets as mentioned herein . 
Normally , the hoisting system include a control unit adapted 
to receive the measured magnetic field strength from the 
magnetic sensor and to calculate the temperature of the 
magnet , and thereby also the temperature at the core of the 
fibre rope , based on the measured magnetic field strength . 
[ 0057 ] Also , in the shown embodiment the magnetic sen 
sors 30 are adapted to sense the direction of the magnetic 
field . The sensors used in this specific embodiment are 
three - dimensional magnetic hall effect sensors commer 
cially available from the company Infineon Technologies 
AG . The housing is also provided with a fibre rope position 
sensor 32 , here in the form of a RFID sensor / reader for 
uniquely identifying the RFID tags 6 embedded in the fibre 
rope 1. Giving each length portion of the fibre rope 1 its own 
unique recognizable signature is very useful for knowing 
which portions of the fibre rope 1 that are subject to wear , 
creep , twist etc. at any time . Preferably the not shown 
control unit is connected to or comprises a storage unit 
adapted to store measured and calculated data from the 
different portions of the fibre rope 1 , such as temperature 
data , elongation data , twist data , number of bending cycles 
under load data etc. Data from different time intervals may 
be compared so as to detect change . The housing 16 is 
further provided with cameras 34 for monitoring the trans 
verse and continuous visual marks 2 , 4. A plurality of such 

cameras may be distributed circumferentially around the 
fibre rope in the housing 16. In the shown embodiment only 
two cameras are used , but in alternative embodiments more 
cameras 34 may be used . In a particularly useful embodi 
ment four cameras 34 may be placed evenly around the fibre 
rope 1 with 90 ° between each . The cameras 34 may be used 
in the same way as the magnets 8 to measure the distance 
between the transverse marks 2 so as to monitor any 
elongation of the fibre rope 1. The cameras 34 also monitor 
the axial continuous mark 4. The time from when one and 
the same camera 34 sees the continuous mark 4 to the next 
time the same camera 34 sees the continuous mark 4 , i.e. the 
time between each 360 ° twist of the fibre rope , can be used 
to calculate the twist per meter . Once the camera 34 stops 
seeing the continuous mark 4 a control unit timer starts . The 
timer stops when the same camera 34 sees the continuous 
mark again . The cameras 34 will also monitor the shape and 
ovality of the fibre rope 1 , while the control unit compares 
the latest data with the original shape and ovality of the fibre 
rope 1. The shape change , such a reduction in diameter , may 
also be compared with the elongation of the fibre rope 1. An 
increase in diameter compared to a set value will typically 
be an indication of slack in the fibre rope 1 or degraded fibres 
which may also be cross - checked by a not shown load cell 
value . The shape of the fibre rope 1 is determined by 
different images captured by cameras 34 circumferentially 
arranged with a defined angle therebetween , and / or with the 
inclusion of a not shown laser beams . The shape change is 
observed by image analysis in a control unit as will be 
mentioned below . 

[ 0058 ] The knuckle - boom crane 10 is further provided 
with an infrared ( IR ) sensor 36 for measuring the surface 
temperature of the fibre rope 1. In the shown embodiment 
the IR sensor 36 is provided outside the housing 16 , however 
the IR sensor could equally well be included inside the 
housing 16. While the hall effect sensors 30 indirectly 
measure the core temperature of the fibre rope 1 , the IR 
sensor 36 mainly measure the surface temperature of the 
fibre rope 1. By combining the two different temperature 
measurements , a temperature gradient in the radial direction 
of the fibre rope 1 may be calculated to give an indication 
about the heat dissipation . The temperature gradient in the 
length direction of the fibre rope 1 may now also be 
measured both at the core and at the surface . 
[ 0059 ] In normal operation , the speed of the fibre rope 1 
is used as input for length measurements in combination 
with a timer . The rope speed is , in this embodiment , input 
from a not shown tachometer . The length measurements are 
used as input both for monitoring elongation and twist , but 
also in combination with the temperature measurements and 
monitoring of bending cycles under load to give an overall 
overview of wear and creep of the fibre rope 1. The RFIDs 
tags 6 and readers 32 are continuously used to identify 
different length portions of the fibre rope 1. Both excessive 
creep and twist are used as discard criteria for the worn 
portion of the fibre rope 1. The worn portion of the fibre rope 
1 may be cut away and the two remaining ends may be 
spliced as will be known by a person skilled in the art . 
Examples of discard criteria may be 10 % creep and / or 1 full 
twist per 10 meters , but these parameters will depend greatly 
on and vary between different types of fibre ropes 1 . 
Excessive heating may also be a separate discard criterion 
due to the irreversible recrystallization mentioned introduc 
torily . It should be noted that the mentioned limits may vary 
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greatly between different hoisting systems 10 and in par 
ticular between different types of fibre ropes 1 . 
[ 0060 ] In a particular embodiment , the hoisting system 10 
includes one or more not shown cooling members . Some 
portions of the hoisting system 10 , such as the winch drum , 
may be stored in a housing with a constantly controlled and 
cooled atmosphere . Other parts of the hoisting system 10 , 
such as the area around the guiding sheaves 18 , 22 where the 
fibre rope 1 undergoes numerous bending cycles and the 
temperature in - creases due to internal and external friction 
in the fibre rope 1 , may be cooled when the fibre rope 
reaches a pre - set temperature . The conditional cooling will 
typically take place when the hoisting system 10 is set in 
heave compensation mode , where it may operate for several 
hours . Cooling may be done by means of flushing with 
water , electrolytes , air jets or other cooling fluids . 
[ 0061 ] It should be noted that the above - mentioned 
embodiments illustrate rather than limit the disclosure , and 
that those skilled in the art will be able to design many 
alternative embodiments without departing from the scope 
of the appended claims . In the claims , any reference signs 
placed between parentheses shall not be construed as lim 
iting the claim . Use of the verb “ comprise ” and its conju 
gations does not exclude the presence of elements or steps 
other than those stated in a claim . The article “ a ” or " an " 
preceding an element does not exclude the presence of a 
plurality of such elements . 
[ 0062 ] The mere fact that certain measures are recited in 
mutually different dependent claims does not indicate that a 
combination of these measures cannot be used to advantage . 

1. Fibre rope for lifting operations , comprising : a plurality 
of magnets embedded within the fibre rope with an axial 
distance therebetween along the fibre rope . 

2. Fibre rope according to claim 1 , wherein the said 
magnets are permanent magnets with a temperature - depen 
dent magnetic field strength . 

3. Fibre rope according to claim 2 , wherein said perma 
nent magnets are embedded in the core of said fibre rope . 

4. Fibre rope according to claim 1 , wherein said fibre rope 
further comprises a plurality of fibre rope position identifiers 
spaced along the fibre rope . 

5. Fibre rope according to claim 1 , wherein the fibre rope 
further comprises a plurality of optically detectable marks 
provided with an axial distance therebetween along the fibre 
rope . 

6. Fibre rope according to claim 5 , wherein the axial 
positions of said optically detectable marks substantially 
coincide with the axial positions of said magnets along the 

a fibre rope hoisting speed sensor ; and 
a magnetic field sensor configured to sense the presence 

of the magnetic field of said magnets that are embedded 
in the fibre rope . 

9. Hoisting system according to claim 8 , wherein the 
hoisting system further comprises a position sensor config 
ured to sense different fibre rope position identifiers so as to 
uniquely identify different portions of said fibre rope . 

10. Hoisting system according to claim 8 , wherein said 
hoisting system further comprises an optical sensor config 
ured sense optically detectable marks that are on said fibre 
rope . . 

11. Hoisting system according to claim 8 , wherein said 
magnetic sensor , said fibre rope position sensor , and said 
optical sensor are embedded within a common housing that 
is configured for receiving the fibre rope therethrough . 

12. Hoisting system according to claim 8 , wherein the 
hoisting system further comprises an infrared sensor con 
figured to sense the temperature of said fibre rope . 

13. Hoisting system according to claim 8 , wherein the 
hoisting system comprises a knuckle - boom crane or a stand 
alone winch system . 

14. Method for operating a hoisting system , the method 
comprising : 

measuring the hoisting speed of a fibre rope by means of 
a fibre rope hoisting speed sensor , the fibre rope com 
prising a plurality of magnets embedded within and 
axially - spaced along the fibre rope ; 

measuring the time between the passing of consecutive 
magnets that are embedded in the fibre rope by means 
of a magnetic field sensor ; 

calculating the distance between consecutive magnets 
embedded in the fibre rope by means of said hoisting 
speed sensor and said measured time between the 
passing of said consecutive magnets ; and 

comparing said calculated distance between the magnets 
with an original , predefined distance between the mag 
nets . 

15. Method according to claim 14 , the method further 
comprising : 

measuring the magnetic field strength of said magnets 
embedded in the fibre rope ; and 

calculating the temperature of the magnets by means of 
said measured magnet field strength . 

16. The hoisting system of claim 8 wherein the magnetic 
field sensor is configured to sense the magnetic field strength 
of the magnetic field of said magnets that are embedded in 
the fibre rope . 

fibre rope . 
7. Fibre rope according to claim 1 , wherein said fibre rope 

further comprises a continuous and optically detectable 
mark along at least a portion of said fibre rope . 

8. A hoisting system comprising : 
a fibre rope comprising a plurality of magnets embedded 

within the fibre rope with an axial distance therebe 
tween along the fibre rope ; 

17. The hoisting system of claim 8 wherein the magnetic 
field sensor is configured to sense the orientation of the 
magnetic field of said magnets that are embedded in the fibre 
rope . . 

18. The hoisting system of claim 12 wherein the infrared 
sensor is configured to sense the external surface tempera 
ture of said fibre rope . 

* * 


