DESCRIPTION
TITLE:
MOUNTING TOOL FOR HOLDING ELEVATOR ROPE TENSION MEASURING

DEVICE

FIELD
[0001]
The present disclosure relates to a mounting tool for holding an elevator rope
tension measurement device.
BACKGROUND
[0002]
PTL 1 discloses a mounting tool for an elevator rope tension measurement device.
With the mounting tool, it is possible to mount a sensor to a rope.
Citation List
Patent Literature
[0003]
[PTL 1]JP 9-257610 A
SUMMARY
Technical Problem
[0004]
However, when a large-sized sensor is mounted to a measurement target with the
mounting tool described in PTL 1, the sensor may interfere with a rope disposed
adjacently to a rope that is the measurement target. In this case, the tension of the rope

cannot be measured accurately.



[0005]

The present disclosure has been made to solve the above-mentioned problem, and
it is an object of the present invention to provide a mounting tool for an elevator rope
tension measurement device, the mounting tool being capable of preventing the rope
tension measurement device from interfering with the rope disposed adjacently to the
rope that is the measurement target.

SOLUTION TO PROBLEM
[0006]

A mounting tool for an elevator rope tension measurement device according to
the present disclosure includes: a first holding body configured to hold a rope of an
elevator; a second holding body configured to hold a rope tension measurement device
that measures a tension of the rope; and a connecting body configured to connect the first
holding body with the second holding body so as to dispose the rope tension
measurement device at a position away from the rope.

ADVANTAGEOUS EFFECTS of INVENRION
[0007]

According to the present disclosure, the connecting body connects the first holding
body with the second holding body so as to dispose the rope tension measurement device
at a position away from the rope. Therefore, it is possible to prevent the rope tension
measurement device from interfering with a rope disposed adjacently to the rope that is a
measurement target.

BRIEF DESCRIPTION of DRAWINGS

[0008]



Fig. 1 is a configuration diagram of an elevator system in which an elevator rope
tension measurement system of an embodiment 1 is used.

Fig. 2 is a block diagram of a rope tension measurement device utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 3 is a perspective view of the rope tension measurement device utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 4 is a graph showing the detection result of acceleration detected by the rope
tension measurement device utilized in the elevator rope tension measurement system of
the embodiment 1.

Fig. 5 is a graph showing the detection result of acceleration detected by the rope
tension measurement device utilized in the elevator rope tension measurement system of
the embodiment 1.

Fig. 6 is a graph showing the detection result of acceleration detected by the rope
tension measurement device utilized in the elevator rope tension measurement system of
the embodiment 1.

Fig. 7 is a perspective view of the rope tension measurement device utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 8 is a view for describing a method for managing the rope tension
measurement device utilized in the elevator rope tension measurement system of the
embodiment 1.

Fig. 9 is a perspective view of a first example of a mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 10 is a perspective view of the first example of the mounting tool utilized in

the elevator rope tension measurement system of the embodiment 1.



Fig. 11 is a side view of the first example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 12 is a plan view of the first example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 13 is a plan view of a second example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 14 is a side view of the second example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 15 is a perspective view of a third example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.

Fig. 16 is a plan view of a fourth example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 17 is a perspective view of a fifth example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

Fig. 18 is a perspective view of a sixth example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.

Fig. 19 is a plan view of a main part of the sixth example of the mounting tool
utilized in the elevator rope tension measurement system of the embodiment 1.

Fig. 20 is a perspective view of a main part of a seventh example of the mounting
tool utilized in the elevator rope tension measurement system of the embodiment 1.

Fig. 21 is a perspective view of a main part of an eighth example of the mounting
tool utilized in the elevator rope tension measurement system of the embodiment 1.

Fig. 22 is a perspective view of a main part of a ninth example of the mounting

tool utilized in the elevator rope tension measurement system of the embodiment 1.



Fig. 23 is a perspective view of a main part of a tenth example of the mounting
tool utilized in the elevator rope tension measurement system of the embodiment 1.

Fig. 24 is a plan view of a main part of an eleventh example of the mounting tool
utilized in the elevator rope tension measurement system of the embodiment 1.

Fig. 25 is a view for describing a vibration wave of a rope of the elevator system
utilized in the elevator rope tension measurement system of the embodiment 1.

Fig. 26 is a graph for describing the Fourier transform of the vibration waveform
of the rope of the elevator system utilized in the elevator rope tension measurement
system of the embodiment 1.

Fig. 27 is a graph for describing the autocorrelation function of the vibration
waveform of the rope of the elevator system utilized in the elevator rope tension
measurement system of the embodiment 1.

Fig. 28 is a graph for describing a method for calculating a frequency by the rope
tension measurement device utilized in the elevator rope tension measurement system of
the embodiment 1.

Fig. 29 is a graph for describing a curve interpolation method performed by the
rope tension measurement device utilized in the elevator rope tension measurement
system of the embodiment 1.

Fig. 30 is a flowchart for describing an outline of actions of the rope tension
measurement device utilized in the elevator rope tension measurement system of the
embodiment 1.

Fig. 31 is a flowchart for describing a method for adjusting the rope by utilizing

the elevator rope tension measurement system of the embodiment 1.



Fig. 32 is a block diagram showing a modification of the elevator rope tension
measurement system of the embodiment 1.

Fig. 33 is a configuration diagram of hardware of a control device of the elevator
system in which the elevator rope tension measurement system of the embodiment 1 is
used.

Fig. 34 is a block diagram of an elevator rope tension measurement system of an
embodiment 2.

Fig. 35 is a block diagram showing a modification of the elevator rope tension
measurement system of the embodiment 2.

Fig. 36 is a block diagram of an elevator rope tension measurement system of an
embodiment 3.

Fig. 37 is a block diagram showing a modification of the elevator rope tension
measurement system of the embodiment 3.

Fig. 38 is a block diagram of an elevator rope tension measurement system of an
embodiment 4.

Fig. 39 is a block diagram showing a modification of the elevator rope tension
measurement system of the embodiment 4.

DESCRIPTION of EMBODIMENTS
[0009]

Embodiments will be described with reference to attached drawings. In the
respective drawings, identical or corresponding components are given the same reference
symbols. The repeated description of such components will be simplified or omitted
when appropriate.

[0010]



Embodiment 1.

Fig. 1 is a configuration diagram of an elevator system in which an elevator rope
tension measurement system of an embodiment 1 is used.
[0011]

In the elevator system shown in Fig. 1, a hoistway 1 penetrates through respective
floors of a building not shown in the drawing. A plurality of halls 2 are provided to
respective floors of the building. Each of the plurality of halls 2 faces the hoistway 1.
[0012]

A traction machine 3 is provided at the lower portion of the hoistway 1. A pair
of car-side tension sheaves 4 are provided at the upper portion of the hoistway 1. A
counterweight- side tension sheave 5 is provided at the upper portion of the hoistway 1.
[0013]

A plurality of ropes 6 are wound onto the traction machine 3, the pair of car- side
tension sheaves 4, and the counterweight- side tension sheave 5. Both end portions of
the plurality of ropes 6 are fixed to the upper portion of the hoistway 1. In Fig. 1, only
one rope 6 is shown.

[0014]

A pair of car-side suspension sheaves 7 are supported by the ropes 6 at a position
closer to one end portion side of the ropes 6 than the pair of car- side tension sheaves 4.
In Fig. 1, only one car-side suspension sheave 7 is shown. A counterweight-side
suspension sheave 8 is supported by the ropes 6 at a position closer to the other end
portion side of the ropes 6 than the counterweight- side tension sheave 5.

[0015]



A car 9 is provided in the hoistway 1. The lower portion of the car 9 is supported
by the pair of car-side suspension sheaves 7. A counterweight 10 is provided in the
hoistway 1. The upper portion of the counterweight 10 is supported by the
counterweight-side suspension sheave 8.

[0016]

A control device 11 is provided at the lower portion of the hoistway 1. The
control device 11 is electrically connected to the traction machine 3 and the like. The
control device 11 is provided in such a manner that the control device 11 can perform
overall control of the elevator.

[0017]

A monitoring device 12 is provided at the lower portion of the hoistway 1. The
monitoring device 12 is electrically connected to the control device 11.  The monitoring
device 12 is provided in such a manner that the monitoring device 12 can monitor a state
of the elevator based on information from the control device 11.

[0018]

An information center device 13 is provided to a place separated from the building
provided with the elevator. For example, the information center device 13 may be
provided to the maintenance company for the elevator. The information center device
13 is provided in such a manner that the information center device 13 can grasp the state
of the elevator based on information from the monitoring device 12.

[0019]
In adjusting dispersion of tension between the plurality of ropes 6, a worker

utilizes the rope tension measurement system in a state where the worker is on the ceiling



of the car 9. The rope tension measurement system includes a rope tension
measurement device 14 and a mounting tool 15.
[0020]

For example, the rope tension measurement device 14 may be a mobile terminal,
such as a smartphone. The mounting tool 15 is mounted to the rope 6 that is a
measurement target in a state of holding the rope tension measurement device 14.
[0021]

In such a state, the worker applies vibration to the rope 6. At this point of
operation, the rope tension measurement device 14 collects the vibration waveform data
of the rope 6.

[0022]

After the vibration waveform data of each of the plurality of ropes 6 is collected,
the rope tension measurement device 14 calculates dispersion of tension between the
plurality of ropes 6 based on the vibration waveform data of the plurality of ropes 6.
The rope tension measurement device 14 indicates whether adjustment of the tension is
necessary or not based on the dispersion of tension between the plurality of ropes 6.
[0023]

The worker adjusts the tension of the rope 6 for which a necessity of adjustment is
indicated.

[0024]

Next, the rope tension measurement device 14 will be described with reference to
Fig. 2.

Fig. 2 is a block diagram of the rope tension measurement device utilized in the

elevator rope tension measurement system of the embodiment 1.
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[0025]

As shown in Fig. 2, the rope tension measurement device 14 includes a touch
panel unit 16, a storage unit 17, a vibration waveform collection unit 18, an accuracy
calculation unit 19, a judgement unit 20, a frequency calculation unit 21, an extraction
unit 22, an adjustment amount calculation unit 23, a battery unit 24, and a housing unit 25.
In the rope tension measurement device 14, at least one processor reads and executes a
program stored in at least one memory to achieve respective functions of the respective
units.

[0026]

The touch panel unit 16 is provided in such a manner that the touch panel unit 16
can receive an external input operation. The touch panel unit 16 is provided in such a
manner that the touch panel unit 16 can indicate information. The storage unit 17 is
provided in such a manner that the storage unit 17 can store various pieces of information.
[0027]

The vibration waveform collection unit 18 collects the vibration waveform data of
the rope 6. For example, the vibration waveform collection unit 18 may be an
acceleration sensor. In this case, the vibration waveform collection unit 18 has a
function of an acceleration detection unit and a function of an acceleration collection unit.
The acceleration detection unit has a function of detecting acceleration. The
acceleration collection unit has a function of collecting the acceleration data detected by
the acceleration detection unit. For example, based on information on the height of the
hoistway 1 or the length of the ropes 6 that is externally inputted, the vibration waveform

collection unit 18 sets a time period for collecting the vibration waveform data of the
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rope. For example, the vibration waveform collection unit 18 performs resampling
processing on the collected vibration waveforms data.
[0028]

In performing a pre-check, the accuracy calculation unit 19 calculates acceleration
detection accuracy from information on acceleration collected by the vibration waveform
collection unit 18. In performing the pre-check, the judgement unit 20 judges whether
the tension of the rope 6 can be measured by the rope tension measurement device 14
based on the detection accuracy calculated by the accuracy calculation unit 19.

[0029]

In measuring the tension of the rope 6, based on the measurement resolution
calculated from the collection time period and collection cycles for collecting the
vibration waveform data by the vibration waveform collection unit 18, the frequency
calculation unit 21 selects a method for calculating the frequency of the vibration
waveform collected by the vibration waveform collection unit 18. For example, the
frequency calculation unit 21 calculates the frequency of a vibration waveform based on
the calculation results of the autocorrelation function and the Fourier transform of the
vibration waveform collected by the vibration waveform collection unit 18.

[0030]

The extraction unit 22 calculates dispersion of tension between the respective
ropes 6 from the information on the calculation results from the frequency calculation
unit 21, and extracts the ropes 6 for which the tension is outside of designated values.
The adjustment amount calculation unit 23 calculates the adjustment amount for the rope
6 extracted by the extraction unit 22.

[0031]
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The battery unit 24 supplies power to the touch panel unit 16, the storage unit 17,
the vibration waveform collection unit 18, the frequency calculation unit 21, the
extraction unit 22, and the adjustment amount calculation unit 23. The housing unit 25
forms an outer shell of the rope tension measurement device 14. The housing unit 25
houses the touch panel unit 16, the storage unit 17, the vibration waveform collection unit
18, the frequency calculation unit 21, the extraction unit 22, the adjustment amount
calculation unit 23, and the battery unit 24.

[0032]

Next, the first example of the pre-check of the rope tension measurement device
14 will be described with reference to Fig. 3 and Fig. 4.

Fig. 3 is a perspective view of the rope tension measurement device utilized in the
elevator rope tension measurement system of the embodiment 1. Fig. 4 is a graph
showing the detection result of acceleration detected by the rope tension measurement
device utilized in the elevator rope tension measurement system of the embodiment 1.
[0033]

As shown in Fig. 3, the rope tension measurement device 14 is maintained in a
standstill state such that the axial direction of the vibration waveform collection unit 18 in
which the tension of the rope 6 is measured is aligned with the direction of gravitational
acceleration. In such a state, the vibration waveform collection unit 18 collects
acceleration data during a certain time period.

[0034]

As shown in Fig. 4, the accuracy calculation unit 19 calculates a difference

between the acceleration collected by the vibration waveform collection unit 18 and the

gravitational acceleration. The judgement unit 20 judges whether the tension of the rope
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6 can be measured by the rope tension measurement device 14 based on the difference
calculated by the accuracy calculation unit 19.  Specifically, the judgement unit 20
judges that the rope tension measurement device 14 can be utilized for the measurement
of the tension of the rope 6 when the difference calculated by the accuracy calculation
unit 19 is less than a threshold set in advance. The judgement unit 20 judges that the
rope tension measurement device 14 cannot be utilized for the measurement of the
tension of the rope 6 when the difference calculated by the accuracy calculation unit 19 is
equal to or more than the threshold set in advance. Note that when acceleration on the +
side and acceleration on the - side are collected by the vibration waveform collection unit
18 by inverting the rope tension measurement device 14, a judgement can also be made
by using both the acceleration on the + side and the acceleration on the - side.

[0035]

Next, the second example of the pre-check of the rope tension measurement
device 14 will be described with reference to Fig. 5.

Fig. 5 is a graph showing the detection result of acceleration detected by the rope
tension measurement device utilized in the elevator rope tension measurement system of
the embodiment 1.

[0036]

Also in the second example, in the same manner as the first example, the rope
tension measurement device 14 is maintained in a standstill state such that the axial
direction of the vibration waveform collection unit 18 in which the tension of the rope 6
is measured is aligned with the direction of gravitational acceleration. In such a state,
the vibration waveform collection unit 18 collects acceleration data during a certain time

period.
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[0037]

As shown in Fig. 5, the accuracy calculation unit 19 calculates the variance of
acceleration collected by the vibration waveform collection unit 18. The judgement unit
20 judges whether the tension of the rope 6 can be measured by the rope tension
measurement device 14 based on the variance calculated by the accuracy calculation unit
19. Specifically, the judgement unit 20 judges that the rope tension measurement device
14 can be utilized for the measurement of the tension of the rope 6 when the variance
calculated by the accuracy calculation unit 19 is less than a threshold set in advance.

The judgement unit 20 judges that the rope tension measurement device 14 cannot be
utilized for the measurement of the tension of the rope 6 when the variance calculated by
the accuracy calculation unit 19 is equal to or more than the threshold set in advance.
Note that when acceleration on a + side and acceleration on a - side are collected by the
vibration waveform collection unit 18 by inverting the rope tension measurement device
14, a judgement can also be made by using both the acceleration on the + side and
acceleration on the - side.

[0038]

Next, the third example of the pre-check of the rope tension measurement device
14 will be described with reference to Fig. 6.

Fig. 6 is a graph showing the detection result of acceleration detected by the rope
tension measurement device utilized in the elevator rope tension measurement system of
the embodiment 1.

[0039]
Also in the third example, in the same manner as the first example, the rope

tension measurement device 14 is maintained in a standstill state such that the axial
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direction of the vibration waveform collection unit 18 in which the tension of the rope 6
is measured is aligned with the direction of gravitational acceleration. In such a state,
the vibration waveform collection unit 18 collects acceleration data a plurality of number
of times during a certain time period.

[0040]

As shown in Fig. 6, the accuracy calculation unit 19 calculates an average value of
accelerations collected by the vibration waveform collection unit 18 for each time and the
maximum value of an absolute difference between the average values for each time.

The judgement unit 20 judges whether the tension of the rope 6 can be measured by the
rope tension measurement device 14 based on the maximum value calculated by the
accuracy calculation unit 19. Specifically, the judgement unit 20 judges that the rope
tension measurement device 14 can be utilized for the measurement of the tension of the
rope 6 when the maximum value calculated by the accuracy calculation unit 19 is less
than a threshold set in advance. The judgement unit 20 judges that the rope tension
measurement device 14 cannot be utilized for the measurement of the tension of the rope
6 when the maximum value calculated by the accuracy calculation unit 19 is equal to or
more than the threshold set in advance. Note that when acceleration on a + side and
acceleration on a - side are collected by the vibration waveform collection unit 18 by
inverting the rope tension measurement device 14, a judgement can also be made by
using both the acceleration on the + side and acceleration on the - side.

[0041]

Note that, in the first to the third examples, when acceleration on the + side and
acceleration on the - side are collected by the vibration waveform collection unit 18 by

inverting the rope tension measurement device 14, a judgement can also be made by
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using both the acceleration on the + side and acceleration on the - side.  After the
completion of the collection of the acceleration on the + side or the - side by the vibration
waveform collection unit 18, the rope tension measurement device 14 is informed of the
completion of the collection by a sound via a speaker S.  Alternatively, the completion
of the collection is indicated on the touch panel unit 16 to prompt the worker to shift to
the next measurement. Further, also after the completion of measurement or judgement
of accuracy, variance, or error, the rope tension measurement device 14 is informed of
the completion by a sound via the speaker S.  Alternatively, the completion of the
judgement is indicated on the touch panel unit 16.

[0042]

Next, the fourth example of the pre-check of the rope tension measurement device
14 will be described with reference to Fig. 7.

Fig. 7 is a perspective view of the rope tension measurement device utilized in the
elevator rope tension measurement system of the embodiment 1.

[0043]

As shown in Fig. 7, in the case where the rope tension measurement device 14
includes an angle detection unit 26, such as a gyro, based on an angle detected by the
angle detection unit 26, the vibration waveform collection unit 18 calculates the
component of gravitational acceleration from the acceleration detected by the
acceleration detection unit. The judgement unit 20 judges whether the tension of the
rope 6 can be measured by the rope tension measurement device 14 based on the
component of gravitational acceleration calculated by the vibration waveform collection
unit 18. A judgement method used at this point of operation may be substantially equal

to any one of judgement methods used in the first example to the third example.
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[0044]

Next, a method for managing the rope tension measurement device 14 will be
described with reference to Fig. 8.

Fig. 8 is a view for describing the method for managing the rope tension
measurement device utilized in the elevator rope tension measurement system of the
embodiment 1.

[0045]

In Fig. 8, a storage device 27 is provided to the maintenance company or the like
for the elevator. The storage device 27 receives, from each of a plurality of models of
the rope tension measurement devices 14, product information from which an
acceleration sensor serving as the vibration waveform collection unit 18 can be identified
and information on the spec judgement result relating to whether the tension of the rope 6
can be measured by the rope tension measurement device 14. Then, the storage device
27 stores the product information and the information on the spec judgement result in an
associated manner to form a measurement device selection table.

[0046]

Next, the first example of the mounting tool 15 will be described with reference to
Fig. 9 to Fig. 12.

Fig. 9 and Fig. 10 are perspective views of the first example of the mounting tool
utilized in the elevator rope tension measurement system of the embodiment 1. Fig. 11
is a side view of the first example of the mounting tool utilized in the elevator rope
tension measurement system of the embodiment 1. Fig. 12 is a plan view of the first
example of the mounting tool utilized in the elevator rope tension measurement system of

the embodiment 1.
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[0047]

As shown in Fig. 9 to Fig. 11, the mounting tool 15 includes a first holding body
28, a second holding body 29, a connecting body 30, a first fall preventing body 31a, and
a second fall preventing body 31b.

[0048]

For example, the first holding body 28 includes a pair of holding parts 28a. The
pair of holding parts 28a are arranged in a row in the vertical direction. For example,
the pair of holding parts 28a may be clips each having a holding surface with a curvature
conforming to the outer diameter of the rope 6. The pair of holding parts 28a hold the
rope 6.

[0049]

For example, the second holding body 29 includes a first holding part 29a and a
second holding part 29b.  The first holding part 29a is provided to one side of the second
holding body 29. The first holding part 29a is provided in such a manner that the first
holding part 29a can be moved in the horizontal direction. The first holding part 29a
holds the rope tension measurement device 14 from the side. The second holding part
29b generates a load in the horizontal direction by a stress of an elastic body, such as a
spring, so as to apply a force of holding the rope tension measurement device 14 to the
first holding part 29a.

[0050]

For example, the connecting body 30 is formed into a rectangular shape. The
connecting body 30 connects the first holding body 28 with the second holding body 29.
For example, one side of the connecting body 30 is connected with the pair of holding

parts 28a by bolts or the like. For example, the other side of the connecting body 30 is
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connected with one side of the second holding body 29. The connecting body 30 is
orthogonal to the second holding body 29. The connecting body 30 has a plate
thickness with a natural frequency higher than the frequency of the rope 6. Provided
that the connecting body 30 has a natural frequency higher than the frequency of the rope
6, it is not always necessary for the connecting body 30 to have a rectangular shape.
[0051]

The connecting body 30 has a first mounting hole 30a and a second mounting hole
30b. The first mounting hole 30a is formed in the upper portion of the connecting body
30 at a position close to the second holding body 29. The second mounting hole 30b is
formed in the lower portion of the connecting body 30 at a position close to the second
holding body 29.

[0052]

The connecting body 30 may have punch holes or the like so as to reduce weight.
Further, the connecting body 30 may be provided with a rib so as to reinforce the
connecting body 30.

[0053]

For example, the first fall preventing body 31a may be a curl cord. One side of
the first fall preventing body 31a is connected to the mounting tool 15. In the first
example, the one side of the first fall preventing body 31a is connected to the connecting
body 30 via the first mounting hole 30a. For example, the other side of the first fall
preventing body 31a is mounted, at a position higher than the rope tension measurement
device 14, to an adjacent rope 6 other than the rope on which a measurement is to be
made or to a structural body of the elevator. For example, the other side of first fall

preventing body 31 is mounted to the belt or the like of the worker. For example, the
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other side of the first fall preventing body 31 is mounted to a handrail or the like provided
to the ceiling of the car 9.  The first fall preventing body 31 prevents the mounting tool
15 from falling.

[0054]

For example, the second fall preventing body 31b may be a curl cord. One side
of the second fall preventing body 31b is connected to the mounting tool 15. In the first
example, the one side of the second fall preventing body 31b is connected to the
connecting body 30 via the second mounting hole 30b. For example, the other side of
the second fall preventing body 31b is mounted to the lower portion of the rope tension
measurement device 14.

[0055]

As shown in Fig. 11, in the mounting tool 15, the product of a distance L1
between positions where the pair of holding parts 28a hold the rope 6 and a holding force
F of an upper holding part 28a for holding the rope 6 is set to be greater than the
rotational moment MgL.2 by a dead load Mg of the rope tension measurement device 14.
[0056]

As shown in (a) to (c) in Fig. 12, the plurality of ropes 6 are arranged in a state of
being divided into the first row and the second row. The ropes 6 in the first row and the
ropes 6 in the second row are disposed with a separation L3.

[0057]

A width L4 of the connecting body 30 is greater than the separation L3 between
the ropes 6 in the first row and the ropes 6 in the second row. Therefore, when the first
holding body 28 holds any one of the ropes 6 in the first row, the second holding body 29

is disposed on a side opposite to the ropes 6 in the first row with respect to the ropes 6 in
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the second row. As a result, the rope tension measurement device 14 is disposed at a
position that does not interfere with the ropes 6 in the second row.
[0058]

For example, in the case where the ropes 6 in the first row are disposed on the
back side, the ropes 6 in the second row are disposed on the front side, and the wall of the
hoistway 1 is disposed on the right side as shown in (a) in Fig. 12, the first holding body
28 holds the rightmost rope 6 in the first row so that the second holding body 29 is
disposed on the left of the connecting body 30. As a result, the rope tension
measurement device 14 is disposed at a position that does not interfere with the wall.
[0059]

For example, in the case where the ropes 6 in the first row are disposed on the
back side, the ropes 6 in the second row are disposed on the front side, and the wall of the
hoistway 1 is disposed on the left side as shown in (b) in Fig. 12, the first holding body
28 holds the leftmost rope 6 in the first row so that the second holding body 29 is
disposed on the right of the connecting body 30. As a result, the rope tension
measurement device 14 is disposed at a position that does not interfere with the wall.
[0060]

For example, in the case where the ropes 6 in the first row are disposed on the left
side, the ropes 6 in the second row are disposed on the right side, and the wall of the
hoistway 1 is disposed on the left side of the ropes 6 in the first row as shown in (c) in
Fig. 12, the first holding body 28 holds a center rope 6 in the first row so that the second
holding body 29 is disposed on the right of the ropes 6 in the second row. As a result,
the rope tension measurement device 14 is disposed at a position that does not interfere

with the wall.
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[0061]

Next, the second example of the mounting tool 15 will be described with reference
to Fig. 13 and Fig. 14.

Fig. 13 is a plan view of the second example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1. Fig. 14 is a side view
of the second example of the mounting tool utilized in the elevator rope tension
measurement system of the embodiment 1.

[0062]

As shown in Fig. 13 and Fig. 14, a holding part 28a of the first holding body 28 is
a clip having holding surfaces with a plurality of curvatures respectively conforming to
outer diameters of the plurality of ropes 6. Specifically, the first holding body 28 has
the first holding surface, the second holding surface, and the third holding surface. The
first holding surface, the second holding surface, and the third holding surface are
continuously formed from the fulcrum of the clip in this order.

[0063]

The curvature of the first holding surface is Ri.  The curvature of the second
holding surface is R2.  Ra is set to be greater than Ri.  The curvature of the third
holding surface is R3. Rj3 is set to be greater than R,.  In the second example, the
holding part 28a has three holding surfaces having different curvatures. However, the
holding part 28a may have two holding surfaces or four or more holding surfaces.

[0064]
Each of these curvatures may have a range of values. For example, R1 may be

applicable to a rope 6 having a diameter of 19 mm to 24 mm. For example, R2 may be
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applicable to a rope 6 having a diameter of 13 mm to 18 mm. For example, R3 may be
applicable to a rope 6 having a diameter of 8§ mm to 12 mm.
[0065]

Next, the third example of the mounting tool 15 will be described with reference
to Fig. 15.

Fig. 15 is a perspective view of the third example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.

[0066]

As shown in Fig. 15, in the first holding body 28, the tip of the holding part 28a is
formed into an uneven shape so as to fit to unevenness on the outer periphery of the rope
6.

[0067]

Next, the fourth example of the mounting tool 15 will be described with reference
to Fig. 16.

Fig. 16 is a plan view of the fourth example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

[0068]

As shown in Fig. 16, in the first holding body 28, the inner surface of the holding
part 28a includes a plurality of protruding parts 32 which fit to unevenness on the outer
periphery of the rope 6.

[0069]
Next, the fifth example of the mounting tool 15 will be described with reference to

Fig. 17.
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Fig. 17 is a perspective view of the fifth example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.

[0070]

As shown in Fig. 17, in the first holding body 28, each of the pair of holding parts
28a includes a pair of holding pieces 33.

[0071]

The connecting body 30 includes a pair of connecting parts. Each of the pair of
connecting parts includes a pair of connecting pieces 34.

[0072]

Each holding piece 33 and each connecting piece 34 are formed of a wire member
as an integral body.
[0073]

Next, the sixth example of the mounting tool 15 will be described with reference
to Fig. 18 and Fig. 19.

Fig. 18 is a perspective view of the sixth example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.  Fig. 19 is a plan
view of the main part of the sixth example of the mounting tool utilized in the elevator
rope tension measurement system of the embodiment 1.

[0074]

As shown in Fig. 18 and Fig. 19, in the first holding body 28, each of the pair of

holding parts 28a includes a pair of holding pieces 33.
[0075]
The connecting body 30 includes a pair of connecting parts. Each of the pair of

connecting parts includes a pair of connecting pieces 34.
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[0076]

Each holding piece 33 and each connecting piece 34 are formed of a plate member
as an integral body. The tip side of each of the pair of holding pieces 33 is caused to
have a large width so as to improve ease of insertion of the rope 6.

[0077]

Next, the seventh example of the mounting tool 15 will be described with
reference to Fig. 20.

Fig. 20 is a perspective view of the seventh example of the mounting tool utilized
in the elevator rope tension measurement system of the embodiment 1.

[0078]

As shown in Fig. 20, the mounting tool 15 includes a rotary body 35, a light
shielding body 36, and an angle adjustment body 37.

[0079]

For example, the rotary body 35 may be a butterfly screw. For example, the
rotary body 35 may be a clutch. The rotary body connects the second holding body 29
with the connecting body 30 in a rotatable manner. The rotary body 35 is provided in
such a manner that the rotary body 35 can adjust the angle of the second holding body 29
with respect to the connecting body 30. As a result, it is possible to improve ease of
operation for the screen of the rope tension measurement device 14.

[0080]

For example, the light shielding body 36 is formed into a plate shape. The lower
edge portion of the light shielding body 36 is disposed adjacently to the upper edge
portion of the second holding body 29.

[0081]
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The angle adjustment body 37 connects the lower edge portion of the light
shielding body 36 with the upper edge portion of the second holding body 29 in a
rotatable manner. The angle adjustment body 37 is provided in such a manner that the
angle adjustment body 37 can adjust the angle of the light shielding body 36 with respect
to the second holding body 29. The angle adjustment body 37 is provided in such a
manner that the angle adjustment body 37 can prevent the screen of the rope tension
measurement device 14 from being irradiated with light from the outside. As a result, it
is possible to improve visibility of the screen of the rope tension measurement device 14.
[0082]

Both the rotary body 35 and the light shielding body 36 may be provided, or either
one of the rotary body 35 or the light shielding body 36 may be provided.

[0083]

Next, the eighth example of the mounting tool 15 will be described with reference
to Fig. 21.

Fig. 21 is a perspective view of the eighth example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.

[0084]

As shown in Fig. 21, the connecting body 30 is divided into a first divided part
30c and a second divided part 30d so as to reduce weight.
[0085]

The first divided part 30c is disposed in such a manner that the longitudinal
direction of the first divided part 30c matches the vertical direction. The upper portion
of the first divided part 30c is connected to the upper holding part 28a. The lower

portion of the first divided part 30c is connected to a lower holding part 28a.
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[0086]

The second divided part 30d is connected with the center of the first divided part
30c in the longitudinal direction by bolts or the like. The tip of the second divided part
30d is connected with one side of the second holding body 29 by a bolt or the like.
[0087]

Next, the ninth example of the mounting tool 15 will be described with reference
to Fig. 22.

Fig. 22 is a perspective view of the ninth example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.

[0088]

As shown in Fig. 22, the mounting tool 15 includes a rotation preventing body 38
and a third fall preventing body 39.

[0089]

For example, the rotation preventing body 38 is formed into a rectangular shape.
For example, the rotation preventing body 38 is made of urethane rubber. For example,
the rotation preventing body 38 is made of silicone rubber. The rotation preventing
body 38 is disposed at a position between the pair of holding parts 28a and between the
rope 6 and the connecting body 30. In such a case, the rotation preventing body 38 is
disposed in a state of being elastically deformed in a direction in which the rope 6 and the
connecting body 30 are arranged in a row. As a result, it is possible to prevent the
rotation of the rope tension measurement device 14 with respect to the rope 6.

[0090]
The third fall preventing body 39 is connected with the connecting body 30 at a

position below the second holding body 29. The third fall preventing body 39 has a
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groove. The groove opens upward. The third fall preventing body 39 supports the
rope tension measurement device 14 from below in a state where the groove receives the
lower portion of the rope tension measurement device 14.  As a result, it is possible to
prevent the rope tension measurement device 14 from falling.

[0091]

Both the rotation preventing body 38 and the third fall preventing body 39 may be
provided, or either one of the rotation preventing body 38 or the third fall preventing
body 39 may be provided.

[0092]

Next, the tenth example of the mounting tool 15 will be described with reference
to Fig. 23.

Fig. 23 is a perspective view of the tenth example of the mounting tool utilized in
the elevator rope tension measurement system of the embodiment 1.

[0093]

As shown in Fig. 23, the connecting body 30 is connected with the center of the
rear surface of the second holding body 29 in the width direction. In such a case, the
connecting body 30 supports the rope tension measurement device 14 via the second
holding body 29 in a balanced manner in the width direction of the rope tension
measurement device 14.  As a result, it is possible to prevent the rotation of the
mounting tool 15 when vibration is applied to the rope 6.

[0094]
Next, the eleventh example of the mounting tool 15 will be described with

reference to Fig. 24.
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Fig. 24 is a plan view of the eleventh example of the mounting tool utilized in the
elevator rope tension measurement system of the embodiment 1.

[0095]

As shown in Fig. 24, the plurality of ropes 6 are disposed on the back side of the
car 9. The plurality of ropes 6 are arranged along a line parallel to a normal line to the
back-side surface of the car 9.

[0096]

The connecting body 30 is connected with the second holding body 29 in such a
manner that the screen of the rope tension measurement device 14 is directed toward the
car 9. As aresult, it is possible to improve visibility of the screen of the rope tension
measurement device 14 for the worker.

[0097]

Next, a method for calculating a frequency of a vibration waveform by the rope
tension measurement device 14 will be described with reference to Fig. 25 to Fig. 28.

Fig. 25 is a view for describing a vibration wave of the rope of the elevator system
utilized in the elevator rope tension measurement system of the embodiment 1.  Fig. 26
is a graph for describing the Fourier transform of the vibration waveform of the rope of
the elevator system utilized in the elevator rope tension measurement system of the
embodiment 1. Fig. 27 is a graph for describing the autocorrelation function of the
vibration waveform of the rope of the elevator system utilized in the elevator rope tension
measurement system of the embodiment 1.  Fig. 28 is a graph for describing a method
for calculating the frequency by the rope tension measurement device utilized in the
elevator rope tension measurement system of the embodiment 1.

[0098]
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As shown in Fig. 25, in the case where the rope 6 has a long length, a traveling
wave is likely to be generated. In the case where the rope 6 has a short length, a
standing wave is likely to be generated. The frequency calculation unit 21 adopts an
analysis method suitable for the oscillation mode of the rope 6.  For example, the rope
tension measurement device 14 adopts an analysis method suitable for the oscillation
mode of the rope 6 from either the Fourier transform or the autocorrelation function.
[0099]

When the Fourier transform is adopted, a traveling wave containing no clear sine
wave component cannot be analyzed, but a standing wave can be analyzed. At this
point of operation, as shown in Fig. 26, the frequency calculation unit 21 analyzes, by the
Fourier transform, the amounts of the included respective frequency components when
the vibration waveform of the rope 6 is expressed as a waveform obtained by combining
sine waves having different frequencies. The frequency calculation unit 21 calculates
the frequency of the vibration waveform of the rope 6 from the position of the peak of the
frequency spectrum obtained by the Fourier transform.

[0100]

When the autocorrelation function is adopted, a traveling wave containing no clear
sine wave component can be analyzed and a standing wave can also be analyzed. At
this point of operation, as shown in Fig. 27, the rope tension measurement device 14
calculates, by the autocorrelation function, the degree of coincidence with the vibration
waveform of the rope 6 when the vibration waveform of the rope 6 is time-shifted.
Specifically, the autocorrelation function of a waveform x(i) (i =1, 2, ... N) with N
number of samples is expressed by the following expression (1).

[0101]
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[Math. 1]

N—k
Ru() =7 > xOxi+k) (1)
i=1
[0102]
In the expression (1), "k" is an integer indicating a shift amount in the time
direction.
[0103]
The frequency calculation unit 21 calculates the cycle of the vibration waveform
of the rope 6 from the position of the peak of the autocorrelation function. The
frequency calculation unit 21 calculates the frequency of an original vibration waveform

of the rope 6 by using the following expression (2).

[0104]
[Math. 2]
1
f=7 @
[0105]

In the expression (2), "T" indicates a cycle (sec) of a vibration waveform, and "f"
indicates a frequency (Hz).
[0106]

As shown in Fig. 28, the frequency calculation unit 21 selectively uses the Fourier
transform or the autocorrelation function so as to adopt the higher resolution range.

[0107]
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A frequency measurement resolution with respect to a measured value f of the
vibration frequency of the rope 6 is expressed as Af/f (%). A measurement resolution
when a frequency is obtained by using the autocorrelation function is expressed by the
following expression (3). A measurement resolution when a frequency is obtained by

the Fourier transform is expressed by the following expression (4).

[0108]
[Math. 3]
Af 1
== 3
Foobea
[0109]
[Math. 4]
Af E- 1
Fopy ®
[0110]

In the expression (3) and the expression (4), "fs" indicates the sampling frequency
(Hz) of the vibration waveform collection unit 18. In the expression (4), "N" indicates
the number of samples of a vibration waveform on which the Fourier transform is
performed.
[0111]

Based on the expression (3) and the expression (4), in the case where the vibration
frequency f of the rope 6 is high, the measurement resolution of the Fourier transform is

higher than the measurement resolution of the autocorrelation function when a vibration
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frequency is obtained, that is, the value of Af/f of the Fourier transform is smaller than the
value of Af/f of the autocorrelation function. In the case where the vibration frequency f
is low, the measurement resolution of the autocorrelation function is higher than the
measurement resolution of the Fourier transform when a vibration frequency is obtained,
that is, the value of Af/f of the autocorrelation function is smaller than the value of Af/f of
the Fourier transform. A graph in Fig. 28 shows such characteristics. Based on the
expression (3) and the expression (4), a point of intersection between the resolution
characteristic curve of the Fourier transform and the resolution characteristic curve of the
autocorrelation function is determined by the collection time period and the collection
cycles for collecting a vibration waveform data by the vibration waveform collection unit
18, that is, N number of samples and a sampling frequency fs. A frequency at the point
of intersection between the characteristic curves is referred to as "switching frequency" in
this embodiment. The frequency calculation unit 21 calculates, from the expression (3)
and the expression (4), a switching frequency A based on which the Fourier transform or
the autocorrelation function is selectively used.

[0112]

In obtaining the frequency of the vibration waveform, collected by the vibration
waveform collection unit 18, from the spectrum of the frequency calculated by the
Fourier transform, the frequency calculation unit 21 searches for the peak of the spectrum
of the frequency only in the vicinity of the frequency calculated from the autocorrelation
function.

[0113]
The frequency calculation unit 21 judges, based on the calculated frequency, the

sufficiency of the collection time period for collecting the vibration waveform data by the
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vibration waveform collection unit 18. When the frequency calculation unit 21 judges
that the collection time period for collecting the vibration waveform data by the vibration
waveform collection unit 18 is insufficient, the frequency calculation unit 21 outputs no
information on the calculated frequency.

[0114]

Next, a curve interpolation method will be described with reference to Fig. 29.

Fig. 29 is a graph for describing the curve interpolation method performed by the
rope tension measurement device utilized in the elevator rope tension measurement
system of the embodiment 1.

[0115]

In calculating the frequency of the vibration waveform collected by the vibration
waveform collection unit 18, the frequency calculation unit 21 performs numerical
interpolation in the vicinity of the peak of the frequency to obtain the position of the peak.
[0116]

Specifically, in calculating a frequency by using the autocorrelation function on a
traveling wave, the higher frequencies cause resolution to deteriorate more, thus
increasing measurement error. Therefore, the frequency calculation unit 21 reduces
measurement error by increasing resolution in a pseudo manner by performing curve
interpolation on the autocorrelation function.

[0117]
Next, the outline of actions of the rope tension measurement device 14 will be

described with reference to Fig. 30.
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Fig. 30 is a flowchart for describing the outline of the actions of the rope tension
measurement device utilized in the elevator rope tension measurement system of the
embodiment 1.

[0118]

In step S1, the rope tension measurement device 14 performs preprocessing on a
vibration waveform that is a measurement target. Thereafter, the action in step S2 is
performed. In step S2, the rope tension measurement device 14 calculates the
autocorrelation function. Thereafter, the action in step S3 is performed. In step S3, the
rope tension measurement device 14 judges whether a frequency estimated from the
autocorrelation function is lower than the switching frequency A.

[0119]

When the frequency estimated from the autocorrelation function is lower than the
switching frequency A in step S3, the action in step S4 is performed. In step S4, the
rope tension measurement device 14 calculates a frequency from the peak position of the
autocorrelation function. Thereafter, the process advances to step S5. In step S5, the
rope tension measurement device 14 decides to use the frequency as a measured value.
[0120]

When the frequency estimated from the autocorrelation function is not lower than
the switching frequency A in step S3, the action in step S6 is performed. In step S6, the
rope tension measurement device 14 calculates the Fourier transform. Thereafter, the
action in step S7 is performed. In step S7, based on the frequency estimated from the
autocorrelation function in step S3, the rope tension measurement device 14 limits a

frequency band on which an analysis is made. Thereafter, the action in step S8 is
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performed. In step S8, the rope tension measurement device 14 judges whether the peak
is on the frequency spectrum.
[0121]

When the peak is not on the frequency spectrum in step S8, the action in step S4 is
performed. In step S4, a frequency is calculated from the peak position of the
autocorrelation function. Thereafter, the process advances to step S5. In step S5, the
rope tension measurement device 14 decides to use the frequency as a measured value.
[0122]

When the peak is on the frequency spectrum in step S8, the action in step S9 is
performed. In step S9, the rope tension measurement device 14 calculates a frequency
from the peak position of the frequency spectrum. Thereafter, the process advances to
step S5. In step S5, the rope tension measurement device 14 decides to use the
frequency as a measured value.

[0123]

Next, a method for adjusting the tension of the rope 6 will be described with
reference to Fig. 31.

Fig. 31 is a flowchart for describing the method for adjusting a rope by utilizing
the elevator rope tension measurement system of the embodiment 1.

[0124]

In step S11, a worker moves by the car 9 to a position where the tension of the
rope 6 is to be measured. Thereafter, the worker performs the action in step S12. In
step S12, the worker sets basic information in a state where the application of the rope
tension measurement device 14 is started.

[0125]
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Thereafter, the worker performs the action in step S13. In step S13, the worker
mounts the rope tension measurement device 14 to the rope 6 by the mounting tool 15.
Thereafter, the worker performs the action in step S14. In step S14, the worker makes
necessary settings for the measurement of the tension of the rope 6.  Thereafter, the
worker performs the action in step S15. In step S15, the worker starts the measurement
of the tension of the rope 6. Thereafter, the worker performs the action in step S16. In
step S16, the worker checks a time period of five cycles of the vibration of the rope 6.
The actions in step S13 to step S16 are repeated by the number of times corresponding to
the number of ropes 6.

[0126]

In step S17, the worker checks dispersion of tension between the plurality of ropes
6 from an indication on the rope tension measurement device 14. Thereafter, the worker
performs the action in step S18. In step S18, the worker adjusts the tensions of the
plurality of ropes 6 based on the dispersion of tension between the plurality of ropes 6.
Thereafter, the worker finishes the operation of adjusting the tensions of the plurality of
ropes 6.

[0127]

According to the embodiment 1 described above, the rope tension measurement
device 14 selects a method for calculating the frequency of the vibration waveform of the
rope 6 based on the measurement resolution calculated from the collection time period
and collection cycles for collecting a vibration waveform data of the rope 6. Therefore,
it is possible to reduce measurement error when the tension of the rope 6 is quantitatively
measured.

[0128]
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The rope tension measurement device 14 calculates the frequency of the vibration
waveform of the rope 6 based on the calculation results of the autocorrelation function
and the Fourier transform of the vibration waveform of the rope 6. Therefore, it is
possible to calculate both the frequency of a standing wave and the frequency of a
traveling wave.

[0129]

As a method for calculating a frequency, other method may be adopted, such as
the short-time Fourier transform or the wavelet transform.
[0130]

Based on information on the height of the hoistway 1 or the length of the rope 6
that is externally inputted, the rope tension measurement device 14 sets a time period for
collecting the vibration waveform data of the rope 6. Therefore, it is possible to
efficiently perform an operation in measuring the tension of the rope 6.

[0131]

In calculating the frequency of the vibration waveform of the rope 6, the rope
tension measurement device 14 performs numerical value interpolation in the vicinity of
the peak of the frequency to calculate the position of the peak. Therefore, it is possible
to improve resolution in calculating the frequency.

[0132]

In obtaining the frequency of the vibration waveform of the rope 6 from the
spectrum of the frequency calculated by the Fourier transform, the rope tension
measurement device 14 searches for the peak of the spectrum of the frequency only in the

vicinity of the frequency obtained from the autocorrelation function. Therefore, it is
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possible to prevent higher harmonics from being erroneously outputted as the measured
value of the frequency.
[0133]

When the rope tension measurement device 14 judges that the collection time
period for collecting the vibration waveform data of the rope 6 is insufficient, the rope
tension measurement device 14 does not output information on the calculated frequency.
Therefore, it is possible to ensure frequency measurement accuracy particularly for a low
frequency.

[0134]

The rope tension measurement device 14 performs resampling processing on the
vibration waveform of the rope 6. Therefore, even in the case where sampling intervals
for sampling the vibration waveform of the rope 6 have dispersion, it is possible to
correct the sampling intervals to equal intervals. As a result, it is possible to measure
the tension of the rope 6 with high accuracy.

[0135]

The rope tension measurement device 14 receives an external input operation, and
indicates the calculated frequency by a character or an image. Therefore, the rope
tension measurement device 14 can be intuitively operated.

[0136]

The rope tension measurement device 14 stores information on the calculation
results for the plurality of ropes 6 of the elevator. Therefore, it is possible to check the
dispersion of tension between the plurality of ropes 6 by the rope tension measurement
device 14.

[0137]
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The rope tension measurement device 14 extracts the ropes 6 for which the tension
is outside of designated values. Therefore, it is possible to start adjustment from the
rope 6 having the largest dispersion of tension.

[0138]

The rope tension measurement device 14 calculates the adjustment amount for the
rope 6 for which the tension is outside of the designated values. Therefore, it is possible
to easily understand a fastening amount of the shackle nut of the rope 6. As a result, it
is possible to finish the adjustment of the rope 6 more quickly.

[0139]

The housing unit 25 houses the vibration waveform collection unit 18, the
frequency calculation unit 21, the touch panel unit 16, the storage unit 17, the extraction
unit 22, and the adjustment amount calculation unit 23. Therefore, it is possible to
measure the tension of the rope 6 only with the rope tension measurement device 14.
[0140]

The battery unit 24 is housed in the housing unit 25. The battery unit 24 supplies
power to the respective units housed in the housing unit 25. Therefore, it is unnecessary
to connect a power supply line to the rope tension measurement device 14.  As a result,
the operation procedure in measuring the tension of the rope 6 is simplified and hence,
work efficiency of the worker can be improved.

[0141]

The judgement unit 20 judges whether the tension of the rope 6 can be measured
based on acceleration detection accuracy. At this point of operation, it is sufficient to
indicate information showing the judgement result on the touch panel unit 16, serving as

an indication unit, by a character or an image. In this case, it is possible to easily
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understand whether the specs of the rope tension measurement device 14 are sufficient
for the measurement of the tension of the rope 6.
[0142]

Based on product information on the rope tension measurement device 14,
information on the operating system installed in the rope tension measurement device 14,
and information on the acceleration sensor serving as the acceleration detection unit, the
judgement unit 20 may extract a group of model numbers of the rope tension
measurement devices 14 that can be utilized in measuring the tension of the rope 6. In
this case, it is possible to reduce labor necessary for selecting the rope tension
measurement device 14.

[0143]

The judgement unit 20 also judges whether the tension of the rope 6 can be
measured based on a difference between collected acceleration and gravitational
acceleration. Therefore, it is possible to more easily understand whether the specs of the
measurement device are sufficient for the measurement of the tension of the rope 6.
[0144]

The judgement unit 20 also judges whether the tension of the rope 6 can be
measured based on the variance of collected acceleration. Therefore, it is possible to
more easily understand whether dispersion of output from the vibration waveform
collection unit 18 is sufficient for the measurement of the tension of the rope 6.

[0145]

The judgement unit 20 also judges whether the tension of the rope 6 can be

measured based on the maximum value of the absolute difference between the average

values of accelerations for each time. Therefore, it is possible to more easily understand
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whether repeating error of the vibration waveform collection unit 18 is sufficiently small
for the measurement of the tension of the rope 6.
[0146]

The vibration waveform collection unit 18 calculates the component of
gravitational acceleration based on an angle detected by the angle detection unit 26.
Therefore, even in the case where the rope tension measurement device 14 is mounted in
an arbitrary direction, it is possible to calculate accuracy of output from the vibration
waveform collection unit 18.

[0147]

The judgement unit 20 may judge the specs of the rope tension measurement
device 14 based on the cumulative number of times of measurement of the tension of the
rope 6. For example, when the cumulative number of times of use is zero and it is
judged that the rope tension measurement device 14 cannot be used for the measurement
of the tension of the rope 6, it is sufficient to judge that the specs of the rope tension
measurement device 14 are insufficient for the measurement of the tension of the rope 6.
In this case, it is possible to more easily understand whether the specs of the rope tension
measurement device 14 are sufficient for the measurement of the tension of the rope 6.
[0148]

The storage device 27 receives, from the rope tension measurement device 14,
product information from which the acceleration detection unit can be identified and
information on the spec judgement result. Then, the storage device 27 stores the
product information and the information on the spec judgement result in an associated

manner. Therefore, it is possible to automatically obtain a table showing a group of
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models of the rope tension measurement devices 14 with specs that can be utilized for the
measurement of the tension of the rope 6.
[0149]

The judgement unit 20 may judge whether the tension of the rope 6 can be
measured based on a combination of the difference between acceleration and
gravitational acceleration for each time, the variance of acceleration for each time, and
the maximum value of the absolute difference between the average values of
accelerations for each time. In this case, it is possible to more accurately understand
whether the specs of the measurement device are sufficient for the measurement of the
tension of the rope 6.

[0150]

In the mounting tool 15, the connecting body 30 connects the first holding body
28 with the second holding body 29 in such a manner that the rope tension measurement
device 14 is disposed at a position away from the rope 6. Therefore, it is possible to
prevent the rope tension measurement device 14 from interfering with the rope 6
disposed adjacently to the rope 6 that is the measurement target. As a result, it is
possible to utilize a mobile terminal, such as an existing smartphone, as the rope tension
measurement device 14.

[0151]

In the mounting tool 15, the second holding body 29 holds the rope tension
measurement device 14 in such a manner that the detection direction of vibration detected
by the rope tension measurement device 14 is aligned with the vibration direction of the
rope 6. Therefore, it is possible to measure the vibration of the rope 6 with high

accuracy.
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[0152]

In the mounting tool 15, the product of a distance between positions where the
pair of holding parts 28a hold the rope 6 and a holding force of the upper first holding
part 29a for holding the rope 6 is greater than the rotational moment by the dead load of
the rope tension measurement device 14. Therefore, it is possible to prevent the rope
tension measurement device 14 from falling due to the rotational moment.

[0153]

In the mounting tool 15, the connecting body 30 connects the first holding body
28 with the second holding body 29 in such a manner that, when the first holding body 28
holds one of the rope 6 on the front side or the rope 6 on the back side, the rope tension
measurement device 14 is disposed on a side opposite to the other of the rope 6 on the
front side or the rope 6 on the back side with respect to the other of the rope 6 on the
front side or the rope 6 on the back side. Therefore, it is possible to prevent the
mounting tool 15 from interfering with the rope 6.

[0154]

In the mounting tool 15, one side of the first fall preventing body 31 is connected
to the connecting body 30. The other side of the first fall preventing body 31 is
mounted to the rope 6 at a position higher than the rope tension measurement device 14.
Therefore, it is possible to prevent the rope tension measurement device 14 from falling.
[0155]

In the mounting tool 15, the first holding body 28 is a clip. Therefore, the
mounting tool 15 can be easily mounted to or removed from the rope 6 with one hand.
Further, when the first holding body 28 is damaged, the first holding body 28 can be

easily replaced. It is sufficient to select the first holding body 28 corresponding to the
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outer diameter of the rope 6. Specifically, it is sufficient to select a clip having a
curvature conforming to the outer diameter of the rope 6. In this case, the first holding
body 28 holds the rope 6 with certainty. As a result, it is possible to prevent the rope
tension measurement device 14 from being displaced or falling.

[0156]

In the mounting tool 15, the first holding body 28 is a clip having a plurality of
curvatures respectively conforming to the outer diameters of the plurality of ropes 6. In
such a case, it is sufficient to hold the rope 6 by the holding surface with an appropriate
curvature corresponding to the outer diameter of the rope 6. In this case, even if the first
holding body 28 is not replaced corresponding to the outer diameter of the rope 6, it is
possible to prevent the rope tension measurement device 14 from being displaced or
falling. The curvature is caused to have a range of values and hence, the first holding
body 28 can handle the ropes 6 with various diameters.

[0157]

In the mounting tool 15, the first holding body 28 includes uneven-shaped tips that
fit to unevenness on the outer periphery of the rope 6. Therefore, the first holding body
28 can stably hold the rope 6 and hence, it is possible to prevent the mounting tool 15
from rotating with respect to the rope 6.

[0158]

In the mounting tool 15, the first holding body 28 includes an inner surface
portion having protrusions that fit to unevenness on the outer periphery of the rope 6.
Therefore, the first holding body 28 can stably hold the rope 6 and hence, it is possible to
prevent the mounting tool 15 from rotating with respect to the rope 6.

[0159]
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In the mounting tool 15, the first holding body 28 is formed of a wire member or a
plate member having a recess conforming to the outer diameter of the rope 6. Therefore,
it is possible to reduce the weight of the mounting tool 15.  Further, the mounting tool
15 can be easily mounted on or removed from the rope 6.

[0160]

In the mounting tool 15, the connecting body 30 has a natural frequency higher
than the frequency of the rope 6. Therefore, it is possible to prevent resonance of the
rope tension measurement device 14.  As a result, it is possible to reduce measurement
error of the tension of the rope 6.

[0161]

In the mounting tool 15, one side of the connecting body 30 is connected with one
side of the second holding body 29. The connecting body 30 is orthogonal to the second
holding body 29. Therefore, the rope tension measurement device 14 is disposed on the
one side of the connecting body 30. Therefore, even in the case where the mounting
tool 15 is mounted to the rope 6 disposed adjacently to the wall of the hoistway 1, it is
possible to prevent the rope tension measurement device 14 from interfering with the
wall of the hoistway 1. In such a case, when the mounting tool 15 is used in a state of
being vertically inverted according to the positional relationship between the rope 6 and
the wall of the hoistway 1, the mounting tool 15 can handle both the case where the wall
of the hoistway 1 is disposed adjacently to the left side of the rope 6 and the case where
the wall of the hoistway 1 is disposed adjacently to the right side of the rope 6.

[0162]
In the mounting tool 15, the first holding part 29a is provided in such a manner

that the first holding part 29a can be moved in the horizontal direction. The first
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holding part 29a holds the rope tension measurement device 14 from the side. The
second holding part 29b generates a load in the horizontal direction so as to apply a force
of holding the rope tension measurement device 14 to the first holding part 29a.
Therefore, it is possible to hold the rope tension measurement device 14 with certainty
regardless of the size of the rope tension measurement device 14. As a result, even in
the case where a mobile terminal, such as an existing smartphone, is utilized as the rope
tension measurement device 14, it is possible to hold the mobile terminal with certainty
regardless of the kinds of the mobile terminal.

[0163]

In the embodiment 1, as shown in Fig. 32, a configuration may be adopted where,
in the rope tension measurement device 14, the vibration waveform collection unit 18 is
not housed in the housing unit 25. The housing unit 25 is connected with the vibration
waveform collection unit 18 via a communication cable or the like, the housing unit 25
housing the touch panel unit 16, the storage unit 17, the accuracy calculation unit 19, the
judgement unit 20, the frequency calculation unit 21, the extraction unit 22, the
adjustment amount calculation unit 23, and the battery unit 24. Therefore, power can be
supplied to and obtained waveforms can be communicated to the vibration waveform
collection unit 18, for example.

[0164]

Next, an example of the control device 11 will be described with reference to Fig.
33.

Fig. 33 is a configuration diagram of hardware of the control device of the
elevator system in which the elevator rope tension measurement system of the

embodiment 1 is used.
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[0165]

The respective functions of the control device 11 may be achieved by a processing
circuitry. For example, the processing circuitry includes at least one processor 100a and
at least one memory 100b. For example, the processing circuitry includes at least one
dedicated hardware 200.

[0166]

In the case where the processing circuitry includes at least one processor 100a and
at least one memory 100b, the respective functions of the control device 11 are achieved
by software, firmware, or a combination of the software and the firmware. At least one
of the software and the firmware is referred to as a program. At least one of the
software and the firmware is stored in at least one memory 100b. At least one processor
100a reads and executes the program stored in at least one memory 100b to achieve the
respective functions of the control device 11. At least one processor 100a is also
referred to as a central processing unit, a processing unit, an arithmetic unit, a
microprocessor, a microcomputer, or a DSP.  For example, at least one memory 100b
may be a nonvolatile or volatile semiconductor memory, such as a RAM, a ROM, a flash
memory, an EPROM, or an EEPROM, or may be a magnetic disk, a flexible disk, an
optical disc, a compact disc, a mini disc, a DVD or the like.

[0167]

In the case where the processing circuitry includes at least one dedicated hardware
200, the processing circuitry may be achieved by, for example, a single circuit, a
composite circuitry, a programmed processor, a parallel programmed processor, an ASIC,
an FPGA, or a combination of the above. For example, the respective functions of the

control device 11 may be each achieved by a piece of processing circuitry. For example,
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the respective functions of the control device 11 may be collectively achieved by the
processing circuitry.
[0168]

Some of the respective functions of the control device 11 may be achieved by the
dedicated hardware 200, and other functions may be achieved by the software or the
firmware. For example, the function of a control unit 9b may be achieved by the
processing circuitry formed of the dedicated hardware 200, and functions other than the
function of the control unit 9b may be achieved by at least one processor 100a reading
and executing the program stored in at least one memory 100b.

[0169]

As described above, the processing circuitry achieves the respective functions of
the control device 11 by the hardware 200, the software, the firmware, or a combination
of the above.

[0170]

Although not shown in the drawing, the respective functions of the monitoring
device 12 are also achieved by a processing circuitry equivalent to the processing
circuitry which achieves the respective functions of the control device 11. The
respective functions of the information center device 13 are also achieved by a processing
circuitry equivalent to the processing circuitry which achieves the respective functions of
the control device 11.

[0171]
Embodiment 2.
Fig. 34 is a block diagram of an elevator rope tension measurement system of an

embodiment 2. Components identical or corresponding to the components in the
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embodiment 1 are given the same reference symbols. The description of such
components will be omitted.
[0172]

In the embodiment 2, the rope tension measurement device 14 includes a
communication unit 40. The communication unit 40 is provided in such a manner that
the communication unit 40 can communicate with external equipment. As shown in Fig.
35, the rope tension measurement device 14 may be configured such that the vibration
waveform collection unit 18 is not housed in the housing unit 25. Specifically, a
structure may be adopted where the vibration waveform collection unit 18 is mounted to
the rope 6 via the mounting tool 15. The vibration waveform collection unit 18 is
connected with the housing unit 25 via a communication cable or the like, the housing
unit 25 including the touch panel unit 16, the accuracy calculation unit 19, the judgement
unit 20, the frequency calculation unit 21, the extraction unit 22, the adjustment amount
calculation unit 23, the battery unit 24, and the communication unit 40. Therefore,
power can be supplied to and obtained waveforms can be communicated to the vibration
waveform collection unit 18, for example.

[0173]

A server 41 is provided to the maintenance company or the like for the elevator.
The server 41 houses the storage unit 17. The storage unit 17 has a function
substantially equal to the function of the storage unit 17 in the embodiment 1.

[0174]

The rope tension measurement device 14 performs communication with the server

41 via the communication unit 40.

[0175]
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According to the embodiment 2 described above, the server 41 houses the storage
unit 17. Each time the rope tension measurement device 14 measures the tension of the
rope 6, the storage unit 17 stores the tension measurement result. At this point of
operation, if information on the tension measurement result is stored in a state of being
associated with measurement time information, it is possible to check the history of
dispersion of tension.

[0176]
Embodiment 3.

Fig. 36 is a block diagram of an elevator rope tension measurement system of an
embodiment 3. Components identical or corresponding to the components in the
embodiment 2 are given the same reference symbols. The description of such
components will be omitted.

[0177]

In the embodiment 3, the server 41 houses the frequency calculation unit 21, the
extraction unit 22, and the adjustment amount calculation unit 23. The frequency
calculation unit 21, the extraction unit 22, and the adjustment amount calculation unit 23
have functions substantially equal to the functions of the frequency calculation unit 21,
the extraction unit 22, and the adjustment amount calculation unit 23 in the embodiment
2. Further, as shown in Fig. 37, the rope tension measurement device 14 may be
configured such that the vibration waveform collection unit 18 is not housed in the
housing unit 25.  Specifically, a structure may be adopted where the vibration waveform
collection unit 18 is mounted to the rope 6 via the mounting tool 15. The vibration
waveform collection unit 18 is connected with the housing unit 25 via a communication

cable or the like, the housing unit 25 including the touch panel unit 16, the battery unit 24,
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and the communication unit 40. Therefore, power can be supplied to and obtained
waveforms can be communicated to the vibration waveform collection unit 18, for
example.

[0178]

The rope tension measurement device 14 performs communication with the server
41 via the communication unit 40.

[0179]

According to the embodiment 3 described above, the server 41 houses the
frequency calculation unit 21, the storage unit 17, the extraction unit 22, and the
adjustment amount calculation unit 23. Therefore, it is possible to prevent leakage of
measurement results for respective premises or algorithms used for analyzing frequencies.
Further, when the threshold of an algorithm is changed or updated or a judgement
standard is changed, it is unnecessary to update an app in a terminal and hence, updates
can be easily made.

[0180]
Embodiment 4.

Fig. 38 is a block diagram of an elevator rope tension measurement system of an
embodiment 4. Components identical or corresponding to the components in the
embodiment 3 are given the same reference symbols. The description of such
components will be omitted.

[0181]
In the embodiment 4, a communication device 42 houses the touch panel unit 16

and the communication unit 40. The touch panel unit 16 and the communication unit 40
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have functions substantially equal to the functions of the touch panel unit 16 and the
communication unit 40 in the embodiment 3.
[0182]

The rope tension measurement device 14 performs communication with the
communication device 42 via the communication unit 40. The communication device
42 performs communication with the server 41 via a communication line.

[0183]

According to the embodiment 4 described above, the housing unit 25 houses the
vibration waveform collection unit 18 and the communication unit 40. The
communication device 42 houses the touch panel unit 16 and the communication unit 40.
Therefore, by selling the vibration waveform collection unit 18 and the mounting tool 15
as an integral body, the rope tension measurement device 14 can be manufactured at a
low cost.  Further, as shown in Fig. 39, a configuration may be adopted where the
vibration waveform collection unit 18 is not housed in the housing unit 25.  Specifically,
a structure may be adopted where the vibration waveform collection unit 18 is mounted
to the rope 6 via the mounting tool 15. The vibration waveform collection unit 18 is
connected with the housing unit 25 via a communication cable or the like, the housing
unit 25 including the battery unit 24 and the communication unit 40. Therefore, power
can be supplied to and obtained waveforms can be communicated to the vibration
waveform collection unit 18, for example.

[0184]

In the embodiment 1 to the embodiment 4, a photographing unit and an image

processing unit may be provided as the vibration waveform collection unit 18.  When

such a configuration is adopted, it is sufficient to photograph a vibrating state of the rope
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6 with the photographing unit, such as a camera, and to perform processing, by the image
processing unit, on an image photographed with the photographing unit. In this case, it
is possible to collect a vibration waveform data in a non-contact manner with the rope 6.
[0185]

In the embodiment 1 to the embodiment 4, a sound, a displacement gauge, a
velocimeter, a magnetic sensor or the like may be used as the vibration waveform
collection unit 18. In this case, compared with the case where the rope 6 is
photographed with a camera from a distant position, it is possible to easily perceive the
rope 6 that is the measurement target.

[0186]

In the embodiment 1 to the embodiment 4, arrangement of the traction machine 3,
the control device 11, and the monitoring device 12 is not limited. ~For example, the
traction machine 3, the control device 11, and the monitoring device 12 may be disposed
at the upper portion of the hoistway 1. For example, the traction machine 3, the control
device 11, and the monitoring device 12 may be disposed in a machine room provided
immediately above the hoistway 1.

[0187]

In the embodiment 1 to the embodiment 4, the roping system of the rope 6 is not
limited. For example, the mounting tool 15 may be utilized for the rope 6 which adopts
a 2:1 roping system, a 1:1 roping system, or other roping systems.

[0188]

The rope tension measurement system of the embodiment 1 to the embodiment 4

may be utilized in measuring vibrations of a building facility other than an elevator. For

example, the rope tension measurement device 14 of the rope tension measurement
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system of the embodiment 1 to the embodiment 4 may be utilized as a vibration
measurement device for a building facility in measuring vibrations of an escalator. For
example, the rope tension measurement device 14 of the rope tension measurement
system of the embodiment 1 to the embodiment 4 may be utilized as a vibration
measurement device for a building facility in measuring vibrations of a moving walk.
For example, the rope tension measurement device 14 of the rope tension measurement
system of the embodiment 1 to the embodiment 4 may be utilized as a vibration
measurement device for a building facility in measuring vibrations of an air conditioner.
Industrial Applicability

[0189]

As described above, the mounting tool for the elevator rope tension measurement
device of the present disclosure can be utilized in an elevator system.
Reference Signs List
[0190]

1 hoistway, 2 hall, 3 traction machine, 4 car-side tension sheaves, 5
counterweight-side tension sheave, 6 rope, 7 car-side suspension sheave, 8
counterweight-side suspension sheave, 9 car, 10 counterweight, 11 control device, 12
monitoring device, 13 information center device, 14 rope tension measurement device, 15
mounting tool, 16 touch panel unit, 17 storage unit, 18 vibration waveform collection unit,
19 accuracy calculation unit, 20 judgement unit, 21 frequency calculation unit, 22
extraction unit, 23 adjustment amount calculation unit, 24 battery unit, 25 housing unit,
26 angle detection unit, 27 storage device, 28 first holding body, 28a holding part, 29
second holding body, 29a first holding part, 29b second holding part, 30 connecting body,

30a first mounting hole, 30b second mounting hole, 30c first divided part, 30d second
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divided part, 31a first fall preventing body, 31b second fall preventing body, 32
protruding part, 33 holding piece, 34 connecting piece, 35 rotary body, 36 light shielding
body, 37 angle adjustment body, 38 rotation preventing body, 39 third fall preventing
body, 40 communication unit, 41 server, 42 communication device, 100a processor, 100b

memory, 200 hardware
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CLAIMS
[Claim 1]

A mounting tool for an elevator rope tension measurement device, the mounting
tool comprising:

a first holding body configured to hold a rope of an elevator;

a second holding body configured to hold a rope tension measurement device that
measures a tension of the rope; and

a connecting body configured to connect the first holding body with the second
holding body so as to dispose the rope tension measurement device at a position away
from the rope.

[Claim 2]

The mounting tool for an elevator rope tension measurement device according to
claim 1, wherein the second holding body holds the rope tension measurement device
such that a direction in which a vibration is detected by the rope tension measurement
device matches a direction of a vibration of the rope.

[Claim 3]

The mounting tool for an elevator rope tension measurement device according to
claim 1 or claim 2, wherein the first holding body holds the rope by a pair of holding
parts arranged in a row in a vertical direction, and a product of a distance between
positions where the pair of holding parts hold the rope and a holding force of an upper
holding part for holding the rope is greater than a rotational moment by a dead load of the
rope tension measurement device.

[Claim 4]
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The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 3, wherein the connecting body connects the first holding body
with the second holding body such that, in a state where the first holding body holds one
of a rope on a front side and a rope on a back side, the rope tension measurement device
is disposed on a side opposite to the other of the rope on the front side and the rope on the
back side with respect to the other of the rope on the front side and the rope on the back
side.

[Claim 5]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 4, comprising a first fall preventing body having one side
connected to the connecting body and having another side mounted, at a position higher
than the rope tension measurement device, to an adjacent rope other than a rope on which
a measurement is to be made or to a structural body of an elevator.

[Claim 6]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 5, comprising a second fall preventing body having one side
connected to the connecting body and having another side mounted to the rope tension
measurement device.

[Claim 7]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 6, wherein the first holding body is a clip having a curvature
conforming to an outer diameter of the rope.

[Claim §]
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The mounting tool for an elevator rope tension measurement device according to
claim 7, wherein the first holding body is the clip having a plurality of curvatures
respectively conforming to outer diameters of a plurality of ropes.

[Claim 9]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 8, wherein the first holding body includes an uneven-shaped tip
that fits to unevenness on an outer periphery of the rope.

[Claim 10]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 8, wherein the first holding body includes an inner surface portion
having a protrusion that fits to unevenness on an outer periphery of the rope.

[Claim 11]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 6, wherein the first holding body is formed of a wire member or a
plate member having a recess conforming to an outer diameter of the rope.

[Claim 12]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 11, wherein the connecting body has a natural frequency higher
than a frequency of the rope.

[Claim 13]

The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 12, wherein the connecting body has one side connected to one
side of the second holding body, and is orthogonal to the second holding body.

[Claim 14]
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The mounting tool for an elevator rope tension measurement device according to
any one of claims 1 to 13, wherein the second holding body includes

a first holding part provided in a movable manner in a horizontal direction, and
configured to hold the rope tension measurement device from a side, and

a second holding part configured to generate a load in the horizontal direction so
as to apply a force of holding the rope tension measurement device to the first holding

part.



