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(54) Method and apparatus for detecting a damage of arope

(57)  In a rope including a bundle of wires (21, 31,
32), a method for detecting a damage comprises the
steps of generating a magnetic field in the bundle of wires,

and measuring a leakage of a magnetic flux from the
bundle of wires so that the damage of the rope is detected
corresponding to a degree of the leakage of the magnetic
flux.
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Description
Background of the Invention

[0001] The present invention relates to a rope usable
in an apparatus for moving an object, for example, an
elevator, and a method for measuring a damage of the
rope. In a prior art rope as disclosed by JP-A-
2001-262482, outer peripheries of wires are respectively
coated with a synthetic resin, each of bundles of the wires
is twisted, the bundles of the wires are twisted to form
the rope, and an outer periphery of the rope is coated
with the synthetic resin.

[0002] In a prior art rope as disclosed by JP-A-
8-261972, aramid fiber and carbon fiber are twisted to
form the rope, carbon fiber is breakable prior to a break-
age of the aramid fiber, and a breakage of the carbon
fiber is detected from a voltage increase through the car-
bon fiber.

[0003] In a prior art rope as disclosed by JP-A-
2001-302135, the rope includes an optical fiber, and a
deterioration of the rope is detected from a decrease of
optical conductivity of the optical fiber.

Brief Summary of the Invention

[0004] An object of the present invention is to provide
a rope in which a damage thereof is securely and easily
detectable, and a method for detecting the damage of
the rope securely and easily.

[0005] In arope comprising a bundle of wires each of
which is adapted to bear a tensile load to be borne by
the rope, since predetermined one of the wires is config-
ured to be at least partially breakable by applying tension
and flexure to the rope, before an atleast partial breakage
of a rest of the wires other than the predetermined one
of the wires by applying the tension and flexure to the
rope so that the at least partial breakage occurs securely
on the predetermined one of the wires before the at least
partial breakage of the rest of the wires, the damage of
the rope is measurable by monitoring only the predeter-
mined one of the wires so that the damage thereof is
securely and easily detectable.

[0006] Ifthe predetermined one of the wires is capable
of having at least one of a maximum (highest) stress gen-
erated in the predetermined one of the wires by at least
one of the tension and flexure greater than maximum
(highest) stresses generated in the wires of the rest by
the at least one of the tension and flexure, and a (fatigue)
strength (per unit cross sectional area) of the predeter-
mined one of the wires against stress generated in the
predetermined one of the wires by the at least one of the
tension and flexure lower than (fatigue) strength (per unit
cross sectional areas) of the wires of the rest against
stresses generated in the wires of the rest by the at least
one of the tension and flexure, in such a manner that the
predetermined one of the wires is capable of having the
maximum stress generated in the predetermined one of
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the wires by atleast one of the tension and flexure greater
than the (fatigue) strength (per unit cross sectional area)
of the predetermined one of the wires against stress gen-
erated in the predetermined one of the wires by the at
least one of the tension and flexure, for example, the
predetermined one of the wires is capable of having the
maximum stress generated in the predetermined one of
the wires by the at least one of the tension and flexure
greater than the maximum stresses generated in the
wires of the rest by the at least one of the tension and
flexure when a (fatigue) strength (per unit cross sectional
area) of the predetermined one of the wires against stress
generated in the predetermined one of the wires by the
at least one of the tension and flexure is not more than
(fatigue) strengths (per unit cross sectional areas) of the
wires of the rest against stresses generated in the wires
of the rest by the at least one of the tension and flexure,
and/or the predetermined one of the wires has the (fa-
tigue) strength (per unit cross sectional area) against
stress generated in the predetermined one of the wires
by at least one of the tension and flexure lower than the
(fatigue) strengths (per unit cross sectional areas)
against stresses generated in the wires of the rest by the
at least one of the tension and flexure, when a maximum
stress generated in the predetermined one of the wires
by the at least one of the tension and flexure is not less
than maximum stresses generated in the wires of the rest
by the at least one of the tension and flexure, the at least
partial breakage occurs securely on the predetermined
one of the wires before the at least partial breakage of
the rest of the wires.

[0007] If at a longitudinal position of the rope, a cross
sectional area of the predetermined one of the wires is
greater than cross sectional areas of the rest of the wires,
the maximum stress generated in the predetermined one
of the wires by the at least one of the tension and flexure
is greater than maximum stresses generated in the wires
of the rest by the at least one of the tension and flexure,
and/or the (fatigue) strength (per unit cross sectional ar-
ea) against stress generated in the predetermined one
of the wires by at least one of the tension and flexure is
decreased by size effect in (fatigue) strength in compar-
ison with the (fatigue) strengths (per unit cross sectional
areas) against stresses generated in the wires of the rest
by the at least one of the tension and flexure, so that the
at least partial breakage occurs securely on the prede-
termined one of the wires before the at least partial break-
age of the rest of the wires. It is preferable that cross
sectional areas of the predetermined one of the wires
and the wires of the rest are constant respectively in a
longitudinally direction of the bundle of wires.

[0008] Ifatleast a part of the predetermined one of the
wires is arranged at a relatively radially outer side with
respect to the rest of the wires in the rope, or at least a
longitudinal part of the predetermined one of the wires is
arranged at an outer periphery of the bundle of wires, the
at least partial breakage of the predetermined one of the
wires on the outer periphery of the bundle of wires is
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securely generated by the relatively greater maximum
(highest) stress of the predetermined one of the wires in
comparison with the rest of the wires because the stress
in the rope increases in accordance with aradial distance
of a position on which the stress is generated and a radial
center (radially zero position) of the rope, or if at a longi-
tudinal position of the rope, the predetermined one of the
wires is arranged at the outer periphery of the bundle of
wires while at the longitudinal position of the rope, the
cross sectional area of the predetermined one of the
wires is greater than the cross sectional areas of the rest
of the wires, the at least partial breakage of the prede-
termined one of the wires on the outer periphery of the
bundle of wires is securely generated by the relatively
greater maximum (highest) stress of the predetermined
one of the wires in comparison with the rest of the wires
and the relatively smaller strength caused by size effect
in strength in comparison with the rest of the wires to be
easily measurable and/or visible from the outside of the
bundle of wires.

[0009] Itis preferable for securely detecting the atleast
partial breakage of the predetermined one of the wires
that the whole length of the predetermined one of the
wires is arranged at an outer periphery (radially outer-
most position) of the bundle of wires.

[0010] It is preferable for securely making the maxi-
mum (highest) stress of the predetermined one of the
wires more than the maximum (highest) stresses the rest
of the wires that a modulus of longitudinal elasticity of
the predetermined one of the wires is more than modu-
luses of longitudinal elasticities of the wires of the rest in
the rope.

[0011] The predetermined one of the wires and the
wires of the rest may be metallic, and the predetermined
one of the wires may be magnetically permeable so that
the breakage of the predetermined one of the wires can
be magnetically. The predetermined one of the wires and
the wires of the rest may be electrically conductive. The
predetermined one of the wires may be electrically con-
nected to the wires of the rest in such a manner that an
electric potential difference between longitudinally oppo-
site ends of the predetermined one of the wires in a lon-
gitudinal length of the rope is equal to electric potential
differences between longitudinally opposite ends of the
wires of the rest in the longitudinal length of the rope, so
that an electrochemical corrosion on the wires is re-
strained. A main component of the predetermined one
of the wires may be equal to a main component of the
rest of the wires. The bundle of wires may be twisted.
The bundle of wires may include a first twisted bundle of
the wires and a second twisted bundle of the wires, and
the second twisted bundle extends helically around the
first twisted bundle of the wires to surround the first twist-
ed bundle of the wires. It is preferable for positioning the
predetermined one of the wires to securely and easily
detect the at least partial breakage thereof that the pre-
determined one of the wires is included by the second
twisted bundle of the wires. The rope may further com-
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prises a synthetic resin cover surrounding the second
twisted bundle.

[0012] Inthe bundle of wires including the wires of the
rest and predetermined at least two of the wires config-
ured to be at least partially breakable by applying at least
one of the tension and flexure to the rope before the at
least partial breakage of the rest of the wires, if the pre-
determined at least two of the wires contact at least par-
tially each other in a direction perpendicular to longitudi-
nal directions of the wires while at least one of the wires
of the rest is prevented from interrupting at least partially
the at least partial contact between the predetermined at
least two of the wires, a transition of the at least partial
breakage between the predetermined at least two of the
wires is maintained to securely and easily detect the at
least partial breakage of the predetermined at least two
of the wires.

[0013] Since a method for detecting a damage of the
above rope comprises the steps of : generating a mag-
netic field in the bundle of wires, and measuring a leakage
of a magnetic flux from the bundle of wires so that a dam-
age of rope corresponding to a degree of the leakage of
the magnetic flux is detected, the damage of rope can
be detected in non-contact with respect to the rope even
when the rope is running. It is preferable in this case that
the magnetic flux extends longitudinally in the bundle of
wires.

[0014] Since an apparatus for detecting a damage of
the above rope comprises, a pair of magnetic cores mag-
netizable to generate a magnetic field in the bundle of
wires, and a magnetic sensor for measuring a leakage
of a magnetic flux from the bundle of wires so that a dam-
age of rope corresponding to a degree of the leakage of
the magnetic flux is detected, the damage of rope can
be detected in non-contact between the rope and each
of the pair of magnetic core and the magnetic sensor
evenwhen theropeis running. Itis preferable in this case
that the magnetic cores are spaced apart from each other
in a longitudinal direction of the bundle of wires to gen-
erate the magnetic flux extending longitudinally,in the
bundle of wires, and the magnetic sensor is measurable
the leakage of the magnetic flux at a position between
the magnetic cores in the longitudinal direction.

[0015] Other objects, features and advantages of the
invention will become apparent from the following de-
scription of the embodiments of the invention taken in
conjunction with the accompanying drawings.

Brief Description of the Several Views of the Drawings
[0016]

Fig. 1 is a cross sectional view of a rope of the in-
vention taken along an imaginary plane transverse
a longitudinal direction of the rope.

Fig. 2 is a cross sectional view of the rope and a
damage detecting device of the invention taken
along an imaginary plane parallel to the longitudinal
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direction of the rope.

Fig. 3 is a diagram showing a relationship between
a number of bending times and each of a number of
broken metallic wires and a tensile strength of the
rope.

Fig. 4 is a flow chart showing a process for detecting
a damage of the rope.

Fig. 5is a cross sectional view of another rope of the
invention taken along the imaginary plane trans-
verse a longitudinal direction of the rope.

Fig. 6 is a cross sectional view of another rope of the
invention taken along the imaginary plane trans-
verse a longitudinal direction of the rope.

Fig. 7 is a schematic oblique projection view of an
elevator in which the rope of the invention is usable.

Detailed Description of the Invention

[0017] InFig. 7, pulleys 5a and 5b for receiving a rope
10 are mounted on a lower part of a car 1 for carrying a
passenger(s) or load, and a pulley 5e for receiving the
ropeis arranged above a counterweight 2 counterpoising
the car 1 when about a half of a safe working load is
borne by the car 1. Pulleys 5c and 5d for receiving the
rope 10 are arranged at a top of a hoistway 7, and a
driving device 3 including a sheave 3a is arranged at a
lower part of the hoistway 7. The rope 10 of the invention
extends from a rope holder 6a arranged at the top of the
hoistway 7, onto the pulleys 5a and 5b on the lower part
of the car 1 and the pulley 5c on the top of the hoistway
7 so that the rope 10 is wrapped around the sheave 3a
of the driving device 3. The rope 10 further extends on
the pulley 5d at the top of the hoistway 7 and the pulley
5e of the counterweight 2, and terminates at a rope holder
6b at the top of the hoistway 7.

[0018] The rope 10 is bendy, and has a great friction-
coefficient between the sheave 3a and a coating of the
rope, so that the rope 10 has a longer operating life and
can transmit securely a driving force even when a diam-
eter of the sheave is small. For, example, the diameter
of the sheave may be from one third to a half in compar-
ison with the prior art sheave. Therefore, a driving torque
of the driving device may be from one third to a half in
comparison with the prior art driving device so that the
driving device can be significantly downsized. Further,
diameters of the pulleys at the lower part of the car 1,
above the counterweight 2 and the top of the hoistway 7
are decreased similarly so that an overhead (a distance
between the highest floor and a ceiling of the hoistway)
and a pit depth (a distance between the lowest floor and
a pit of the hoistway) can be decreased.

[0019] InFig. 1, a synthetic resin coating 15 is formed
on an outside of a first structure 12 arranged at a central
portion of the rope 10 and second structures 13 arranged
around the first structure 12.

[0020] The first structure 12 is formed by, for example,
twisting strands 22 around a core 23 to form an inner
structure 24, each of which strands is formed by twisting
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metallic wires 21 substantially parallel to each other, and
forming an organic material coating 25 on an outer pe-
riphery of the inner structure 24. The core 23 may be
formed of single organic material (resin), arope of organic
material (resin) or a strand which is formed by twisting
metallic wires. For obtaining a longer operating life, the
core 23 formed of resin is preferable. Clearances are
formed between the strands 22 adjacent to each other
to be filled with the coating 25.

[0021] Each of the second structure 13 is formed by
twisting metallic wires 31 and 32 substantially parallel to
each other to form an outer structure 33, and forming an
organic material coating 34 on an outer periphery of the
outer structure 33. The metallic wires 32 are arranged at
an outer periphery of the outer structure 33. In this case,
diameters of the metallic wires 32 are greater than those
of the metallic wires 21 and 31 or a strength of each of
the metallic wires 32 is smaller than that of the metallic
wires 21 and 31.

[0022] A pressing force is generated between the first
structure 12 and each of the second structures 13 twisted
around the first structure 12 by a tension applied to the
rope 10, and a radial pressing force is also generated
therebetween by pressing the rope against the pulleys
and sheave. Flexures of the rope are generated at every
passes of the rope on the pulleys and sheave. In this
actual operating condition, compressive pressures are
generated between the first structure 12 and each of the
second structures 13 and between the metallic wires 21,
31, 32, and a flexural stress in each of the metallic wires
and mutual slip between the metallic wires are generated.
Therefore, the metallic wires are at least partially broken
by stress variation and slip under the compressive pres-
sures causing afretting. A stress generated in the metallic
wire by the flexures of the rope increases in accordance
with an increase of radial distance of a position of the
metallic wire from a radial center of the rope and an in-
crease of diameter of the metallic wire. Further, a slip on
the metallic wire increases in accordance with the in-
crease of radial distance of the position of the metallic
wire from the radial center of the rope. Thatis, the radially
outermost metallic wire bears the most severe condition.
[0023] In the rope, a coating 25 is inserted between
the strands 22 of the first structure, and a coating 34 and
the coating 25 are inserted between the second struc-
tures 13, so that a direct contact between the metallic
wires arranged between the strands 22 and between the
first and second structures 12 and 13 is prevented. The
metallic wires 21 substantially parallel to each other con-
tact directly each other in the strands 22, and the metallic
wires 31 and 32 substantially parallel to each other con-
tact directly each other in the second structures 13. That
is, in taking a broad view, not point contacts but line con-
tacts are formed between the metallic wires. Therefore,
pressures generated between surfaces of the metallic
wires by the tension applied to the rope is decreased to
restrain a decrease of the operating life caused by the
fretting. On the other hand, in any case, the metallic wires
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are at least partially broken by repeated flexures of the
rope during a long operating time period. In this case,
since the metallic wires 32 arranged on the outer periph-
ery of the rope have greater diameters or lower strengths
in comparison with those of the metallic wires 21 and 31,
the metallic wires 32 arranged on the outer periphery of
the rope are at least partially broken prior to the metallic
wires 21 and 31 irrespective of data spread in material
strength and production. In other words, the metallic
wires 32 are significantly differentiated from the metallic
wires 21 and 31 in diameter or strength irrespective of
various conditions.

[0024] In this case, if the metallic wires 32 are appro-
priately differentiated from the metallic wires 21 and 31
in fatigue strength with taking the fretting into consider-
ation, a relationship between a residual operating life of
the rope and a number of the metallic wires 32 broken
prior to the metallic wires 21 and 31 is known. Therefore,
by measuring the number of the broken metallic wires 32
arranged on the outer periphery of the rope, a strength
of the rope is measurable. That is, when the rope should
be replaced is easily known.

[0025] Fig. 2 is a cross sectional view showing a prin-
ciple of detecting the breakage of the metallic wires 32.
In Fig. 2, for convenience on explanation, the coatings
15 and 34 of the rope are imaginarily removed to expose
the metallic wires 32. A breakage detector 50 includes
two magnetic exiters 51 arranged along the rope and a
magnetic device 52 for detecting a leakage magnetic flux
from the rope. By energizing the exiters 51, a magnetism
generated between the exiters 51 flows into the metallic
wires 32 through the coating of the rope to generate a
magnetic flux 53. When the breakage does not exist in
the metallic wires 32, a magnetoresistance is constant
in the rope so that the magnetic flux flows from one of
the exiters 51 to the other of the exiters 51.

[0026] If a breakage portion 32a exists in the metallic
wires 32 on the outer periphery of the rope as shown in
the drawing, the magnetoresistance increases at the
breakage portion 32a so that a magnetic flux 531 flows
out of the rope. An amount of the leakage magnetic flux
531 out of the rope is in proportion to a degree of the
magnetoresistance, that is, a number of the broken me-
tallic wires 32. By measuring the leakage magnetic flux
531 with the magnetic device 52, not only the breakage
of the metallic wires but also the number of the broken
metallic wires is known. If the breakage of the metallic
wires 32 not on the outer periphery of the rope exists,
the magnetic flux passes the metallic wires arranged on
an outside of the breakage of the metallic wires so that
the amount of the leakage magnetic flux out of the rope
is decreased. Therefore, it is difficult to detect the break-
age with the magnetic device 52.

[0027] Intherope oftheinvention, as described above,
when the breakage of the metallic wires starts after a
long term of use, the breakage occurs on the metallic
wires 32 on the outer periphery of the rope, so that the
breakage of the metallic wires on the outer periphery of
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the rope is detectable magnetically. Further, the number
of the broken metallic wires is measurable from the
amount of the leakage magnetic flux. The residual
strength of the rope and a future variation of the residual
strength of the rope can be estimated on recorded data
of the number of the broken metallic wires and the resid-
ual strength of the rope, so that a rope exchange timing
can be easily determined.

[0028] Fig. 3 is a diagram showing a relationship be-
tween a number of bending times and a rope strength,
and the rope strength decreases gradually in accordance
with an increase of the number of bending times during
the use of the rope. When the number of bending times
increases to bending times N1 so that the breakage of
the metallic wires 32 starts, the strength of the rope de-
creases rapidly. Thereafter, when the breakage of the
metallic wires 21 and 32 starts (at bending times N2), the
strength of the rope decreases abruptly. From the
number of the broken metallic wires 32, the rope strength
is known. Therefore, when the number of the broken me-
tallic wires 32 reaches a predetermined value, the life of
the rope is ended.

[0029] Fig. 4 shows a flow chart of these operation,
and data of the relationship of Fig. 3 and frequency of
use are recorded. From the above data and the number
of the broken metallic wires detected by the deterioration
measuring method as shown in Fig. 2, the residual
strength of the rope is measured. On the other hand,
when the breakage of the metallic wires has been started,
a number of bending times in which the rope is safely
usable continuously in future is determined on the
number of the broken metallic wires, and the acceptable
number of bending times is converted with the frequency
of use to a number of days, so that the strength of the
rope, the time period in which the rope is usable in future,
a rope exchange timing and so forth are output.

[0030] Fig. 5 is a cross sectional view of the rope as
another embodiment of the invention, and reference nu-
merals commonly used between Figs. 1 and 5 denote
common elements respectively. A difference between
Figs. 1 and 5 is that the number of the metallic wires 32
breakable prior to the metallic wires 21 and 31 is de-
creased. The other structure is common with Fig. 1,
whereby a detailed explanation is not done. In this case,
a rate of [strength/cross sectional area] is increased. On
the other hand, the number of the metallic wires 32 break-
able in advance is decreased and an accuracy in data
as shown in Fig. 3 is required, however, the same effect
is obtainable.

[0031] Fig. 6 is a cross sectional view of the rope as
another embodiment of the invention, and reference nu-
merals commonly used between Figs. 1 and 6 denote
common elements respectively. A difference between
Figs. 1 and 6 is that the first structure 12 as the core
includes the strands 22 in each of which the metallic wires
21 are twisted around the core 23, and the coating 25,
and that the coating is deleted from the second structure
13. The other structure is common with Fig. 1, whereby
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a detailed explanation is not done. In this case, the me-
tallic wires 21 in the first structure 12 can contact each
other in parallel so that the life time of the rope is exten-
sible. Further, since the second structure 13 does not
need to be coated, a producing process can be cut down.
In this case, the coating 15 is inserted between the
strands adjacent to each other. On the other hand, the
coating 15 and the inner structure 33 need to be adhered
to each other by an adhesive. The metallic wires 32 as
the object of the invention are breakable prior to the other
metallic wires 21 and 31 to detect the deterioration of the
rope, so that the same effect is obtainable.

[0032] Incidentally, although the metallic wires 32
breakable in advance are arrange on the outer periphery
of the second structure in the above embodiments, the
metallic wires breakable in advance may be arranged in
a part of the metallic wires 21 of the first structure 12 or
a part of the metallic wires 31 in the second structure 13
so that the purpose is achieved.

[0033] It should be further understood by those skilled
inthe artthat although the foregoing description has been
made on embodiments of the invention, the invention is
not limited thereto and various changes and modifica-
tions may be made without departing from the spirit of
the invention and the scope of the appended claims.

Claims

1. A method for detecting a damage of a rope including
abundle of wires (21, 31, 32), the method comprising
the steps of:

generating amagneticfield in the bundle of wires
(21, 31, 32), and

measuring a leakage of a magnetic flux from the
bundle of wires (21, 31, 32) so that the damage
of the rope is detected corresponding to a de-
gree of the leakage of the magnetic flux.

2. The method of claim 1, wherein the magnetic flux
extends longitudinally in the bundle of wires (21, 31,
32).

3. An apparatus for detecting a damage of a rope in-
cluding a bundle of wires (21, 31, 32), the apparatus
comprising:

a pair of magnetic cores (51) magnetizable to
generate a magnetic field in the bundle of wires
(21, 31, 32), and

amagnetic sensor (52) for measuring a leakage
of a magnetic flux from the bundle of wires (21,
31, 32) so that the damage of the rope is detect-
ed corresponding to a degree of the leakage of
the magnetic flux.

4. The apparatus of claim 3, wherein
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the magnetic cores (51) are spaced apart from each
other in a longitudinal direction of the bundle of wires
(21, 31, 32) to generate the magnetic flux extending
longitudinally in the bundle of wires (21, 31, 32), and
the magnetic sensor (52) is adapted to measure the
leakage of the magnetic flux at a position between
the magnetic cores (51) in the longitudinal direction.
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