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MAGNETIC BODY MANAGEMENT SYSTEM AND MAGNETIC BODY 

MANAGEMENT METHOD 

 

Technical Field 

[0001]     The present invention relates to a magnetic body management system and a 

magnetic body management method, and more particularly to a magnetic body management 

system and a magnetic body management method for acquiring a deterioration state of the 

magnetic body by inspecting the magnetic body over time. 

Background Art 

[0002]     Conventionally, a magnetic body management system and a magnetic body 

management method for acquiring a deterioration state of a magnetic body by inspecting the 

magnetic body over time are known. Such a magnetic body management system and a 

magnetic body management method are disclosed, for example, in Japanese Patent No. 

5044545. 

[0003]     The magnetic body management system disclosed in the above-described 

Japanese Patent No. 5044545 is provided with a measuring means for measuring a state of a 

magnetic body, a first monitoring device, and a second monitoring device. The first 

monitoring device is connected to the measuring means by a communication means and is 

configured to store measurement data output from the measuring means. Further, the first 

monitoring device is configured to determine the state of the magnetic body based on the 

acquired measurement data and the already stored measurement data and to transmit the 

determination data to the second monitoring device when there is an error. The second 

monitoring device is configured to check the determination data transmitted from the first 

monitoring device again, perform a final determination, and transmit the result of the final 

determination to the first monitoring device. Note that the magnetic body management system 
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disclosed in the above-described Japanese Patent No. 5044545 acquires the deterioration state 

of a wire rope as a magnetic body. More specifically, the magnetic body management system 

disclosed in the above-described Japanese Patent No. 5044545 acquires a deterioration state 

of a wire rope installed on a crane and the like. 

Prior Art Document 

Patent Document 

[0004]      

Patent Document 1: Japanese Patent No. 5044545 

 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

[0005]     However, the configuration disclosed in the above-described Japanese Patent 

No. 5044545 is configured to accumulate the measurement data acquired by measuring the 

state after the installation of the wire rope on the crane or the like. Therefore, measurement 

data to be accumulated does not include data that measured the change of the state of the wire 

rope that occurred before the installation of the wire rope, e.g., during the wire rope 

transportation. As a result, the quality of the measurement data to be accumulated deteriorates, 

and therefore the accuracy of the state determination of the magnetic body deteriorates. 

[0006]     The present invention has been made in order to solve the above-described 

problems, and an object of the present invention is to provide a magnetic body management 

system and a magnetic body management method capable of suppressing deterioration in the 

quality of measurement data to be accumulated and suppressing deterioration in the accuracy 

of a condition determination of the magnetic body. 

Means for Solving the Problem 

[0007]     In order to attain the above-described objects, a magnetic body management 
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system according to the first aspect of the present invention, includes: a first magnetic body 

inspection device configured to acquire a detection signal based on a magnetic field of a 

magnetic body or a change in the magnetic field before the magnetic body is installed at a 

location of use; a second magnetic body inspection device configured to acquire the detection 

signal of the magnetic body after the magnetic body has been installed at the location of use, 

the second magnetic body inspection device having the same method as that of the first 

magnetic body inspection device; a server configured to store information of the magnetic 

body; a first transmission unit configured to transmit first magnetic body information in 

which the detection signal acquired by the first magnetic body inspection device and an 

identifier of the magnetic body are linked; and a second transmission unit configured to 

transmit second magnetic body information in which the detection signal acquired by the 

second magnetic body inspection device and the identifier of the magnetic body are linked. 

The server is configured to estimate a deterioration state of the magnetic body based on at 

least the first magnetic body information and the second magnetic body information. Note 

that the change in the magnetic field is a broad concept, including the temporal change in the 

magnetic field strength detected by the magnetic body inspection device by relatively moving 

the magnetic body and the magnetic body inspection device and the temporal change in the 

magnetic field strength detected by the magnetic body inspection device by changing the 

magnetic field applied to the magnetic body over time.       

[0008]     The magnetic body management system according to the first aspect of the 

present invention is provided with, as described above, the first magnetic body inspection 

device, the second magnetic body inspection device, the server, the first transmission unit, and 

the second transmission unit. The server is configured to estimate the deterioration state of the 

magnetic body based on at least the first magnetic body information and the second magnetic 

body information. With this configuration, at the shipping location and at the location of use, 
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it is possible to acquire measurement data using the first magnetic body inspection device and 

the second magnetic body inspection device of the same method. Therefore, it is possible to 

accumulate not only the measurement data at the location of use but also the measurement 

data at the shipping location. As a result, it is possible to suppress the deterioration of the 

quality of the measurement data to be accumulated and also possible to suppress the 

deterioration of the accuracy of the status determination of the magnetic body. Further, it 

becomes possible to acquire consistent time-series data from the shipping location to the 

location of use. Therefore, it is possible to obtain useful data that provides new insights for 

improving each process, such as, e.g., a production process, a storing management process, a 

transportation process, and an installation process. 

[0009]     In the magnetic body management system according to the first aspect of the 

present invention, preferably, the server is configured to estimate the deterioration state of the 

magnetic body by acquiring a differential waveform of the first magnetic body information 

and the second magnetic body information. With this configuration, the differential waveform 

of the first magnetic body information and the second magnetic body information is acquired, 

and therefore the change in the deterioration state of the magnetic body caused during the 

transportation from the shipping location to the location of use can be obtained. 

Consequently, it becomes possible to acquire the change in the deterioration state of the 

magnetic body at the shipping location, during the transportation, and at the location of use, 

which ensures the traceability of the magnetic body. Note that in the present invention, the 

term “damage” of the magnetic body is a broad concept, including a change in a cross-

sectional area (including a change caused by a gap when damage or the like has occurred 

inside a magnetic body) with respect to a detection direction generated in the magnetic body, 

a change in the magnetic permeability caused by the rust of the magnetic body, weld burning, 

mixture of impurities, compositional changes, or the like, and a portion in which the magnetic 
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body becomes non-uniform. 

[0010]     In the magnetic body management system according to the first aspect of the 

present invention, preferably, the server is configured to store, when estimating the 

deterioration state of the magnetic body, waveform information of the detection signal in the 

second magnetic body information when it is estimated that damage has occurred in the 

magnetic body as abnormality information. With this configuration, it becomes possible to 

accumulate the abnormality information, so that the algorithms for estimating the 

deterioration state of the magnetic body can be updated based on the accumulated abnormality 

information. Consequently, the estimation accuracy of the deterioration state of the magnetic 

body can be improved. 

[0011]     In acquiring the differential waveform by the server, preferably, the server 

further includes a deterioration information transmission unit for transmitting the deterioration 

information of the magnetic body including at least the differential waveform, in response to a 

request from at least one of the first magnetic body inspection device and the second magnetic 

body inspection device. With this configuration, the first magnetic body inspection device and 

the second magnetic body inspection device can acquire the differential waveform by 

requesting the server from the first magnetic body inspection device and the second magnetic 

body inspection device. As a result, the change in the deterioration state of the magnetic body 

can be grasped based on the differential waveform at each of the shipping location and at the 

location of use, so that it is possible to grasp the timing at which the change in the 

deterioration state of the magnetic body has occurred. 

[0012]     In the magnetic body management system according to the first aspect of the 

present invention, preferably, the first transmission unit and the second transmission unit are 

included in the first magnetic body inspection device and the second magnetic body 

inspection device, respectively, or included in a device other than the first magnetic body 
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inspection device and the second magnetic body inspection device, and are configured to 

transmit at least the first magnetic body information and the second magnetic body 

information, respectively, to the server via a network. With this configuration, in a case where 

the first transmission unit and the second transmission unit are included in the first magnetic 

body inspection device and the second magnetic body inspection device, respectively, it is 

possible to directly transmit the first magnetic body information and the second magnetic 

body information from the first magnetic body inspection device and the second magnetic 

body inspection device directly, respectively, to the server. Therefore, it is possible to suppress 

that the configuration of the system becomes complicated. Further, in a case where the first 

transmission unit and the second transmission unit are included in a device (e.g., a personal 

computer) other than the first magnetic body inspection device and the second magnetic body 

inspection device, the first magnetic body inspection device and the second magnetic body 

inspection device do not need to be equipped with information transmitting functions (first 

transmission unit and second transmission unit). Further, the first magnetic body inspection 

device and the second magnetic body inspection device can be used even where they cannot 

be connected to a network. As a result, the flexibility of the system can be improved. 

[0013]     In the magnetic body management system according to the first aspect of the 

present invention, preferably, the first magnetic body inspection device and the second 

magnetic body inspection device each include: a magnetic field application unit configured to 

align a magnetization direction of the magnetic body before performing detection of the 

detection signal; a detection unit configured to output the detection signal in which the 

magnetization direction is aligned by the magnetic field application unit; an output unit 

configured to output the detection signal; and a deterioration information acquisition unit 

configured to acquire information of the deterioration state of the magnetic body. With this 

configuration, since the first magnetic body inspection device and the second magnetic body 
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inspection device are each provided with a magnetic field application unit, the noise of the 

detection signal can be reduced. This makes it possible to improve the accuracy of the 

detection signal, which in turn can improve the reproducibility of the detection signal detected 

between the devices. As a result, since the acquired detection signal is highly reproducible, 

even in cases where the first magnetic body inspection device and the second magnetic body 

inspection device, which are different devices, are used in remote places, the effects of 

individual differences of the first magnetic body inspection device and the second magnetic 

body inspection device in the detection signal can be suppressed, and therefore the respective 

detection signals can be handled collectively. 

[0014]     In this case, preferably, the magnetic field application unit is configured to 

apply a magnetic field to the magnetic body so that the magnetization direction of the 

magnetic body is aligned with each other at the time of inspecting the magnetic body at a 

shipping location and at the time of inspecting the magnetic body at the location of use. With 

this configuration, it becomes possible to align the magnetization direction of the magnetic 

body at the time of inspecting at the shipping location of the magnetic body and at the time of 

inspecting at the location of use of the magnetic body. Therefore, it is possible to suppress the 

occurrence of the difference other than the change in the detection signal due to the difference 

of the magnetization direction, so it is possible to further improve the reproducibility of the 

measurement data. As a consequence, it becomes possible to further improve the 

reproducibility of the measurement data, so that the quality of the measurement data for 

estimating the deterioration state of the magnetic body can be further improved. 

[0015]     In the magnetic body management system according to the first aspect of the 

present invention, preferably, the second magnetic body inspection device is configured to 

acquire the detection signal immediately after the magnetic body has been installed at the 

location of use, and the server is configured to estimate the deterioration state of the magnetic 
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body, based on the first magnetic body information and the second magnetic body information 

in which the detection signal acquired immediately after the magnetic body has been installed 

at the location of use and the identifier of the magnetic body are linked. Here, in order to 

estimate the deterioration state of the magnetic body based on the detection signal before the 

magnetic body is installed at a location of use and the detection signal after the magnetic body 

has been actually arranged at the location of use, the respective detection signals must be 

aligned based on the measured length. Further, there is a case in which the moving speed of 

the magnetic body when acquiring the detection signal before the magnetic body is installed 

at the location of use after the start of use differs from the moving speed of the magnetic body 

when acquiring the detection signal at the location of use. When the moving speed of the 

magnetic body differs, the interval (sampling pitch) between measuring points of the detection 

signals of the magnetic body changes. Further, for example, in a case where the magnetic 

body is used for an elevator, etc., a load is applied to a magnetic body, which may result in a 

partial elongation. Even in a case where a partial elongation has occurred in the magnetic 

body, the interval (sampling pitch) of the measuring points of the measurement signals of the 

magnetic body changes. Therefore, in order to estimate the deterioration state of the magnetic 

body accurately, it is preferable to perform a correction for aligning the detection signals 

based on the measured length or correct the difference in the sampling pitch due to the 

difference in the moving speed or the partial elongation of the magnetic body. 

[0016]     Therefore, with the above-described configuration, since the detection signal is 

acquired immediately after the start of use at the location where the magnetic body is actually 

used, it is possible to perform the alignment of the detection signals base on the measured 

length and/or the correction of the sampling pitch suitable for the actual use environment in 

the magnetic field information at the time of the production (before the installation at the 

location of use) and the magnetic field information immediately after the start of use. As a 
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result, the estimation accuracy of the deterioration state of the magnetic body in the server can 

be improved. Further, since the detection signal is acquired immediately after the start of use, 

the number of acquiring the detection signal until the periodic inspection is performed can be 

increased, as compared with the configuration in which a detection signal is not acquired 

immediately after the start of use, and a detection signal is acquired before the magnetic body 

is installed at a location of use and after the magnetic body has been installed at the location 

of use. As a result, the timing at which the deterioration state of the magnetic body has 

changed can be grasped in more detail. Further, since the detection signal is acquired 

immediately after the start of use, for example, when used for an elevator, by comparing with 

the deterioration state of the magnetic body before the start of use, it is possible to predict, for 

example, breakage of the magnetic body due to the partial elongation of the magnetic body 

that occurs, for example, when the elevator moves frequently between certain floors. 

[0017]     In the magnetic body management system according to the first aspect of the 

present invention, preferably, the magnetic body is a wire rope. With this configuration, it is 

possible to provide a magnetic body management system capable of suppressing the 

deterioration of the accuracy of the status determination of the wire rope. 

[0018]     In this case, preferably, the identifier of the magnetic body includes an identifier 

for identifying a portion cut out to a predetermined length at the time of producing the wire 

rope. With this configuration, it is possible to easily grasp at which position of the wire rope 

before being cut out into the predetermined length the wire rope cut into the predetermined 

length was positioned. Therefore, even in the case of using the wire rope by cutting out the 

wire rope into the predetermined length after the production, it is possible to easily acquire the 

magnetic body information in the cut-out wire rope. As a result, the change of the 

deterioration state of the wire rope can be easily grasped by acquiring the detection signal 

after the start of use of the wire rope cut out into a predetermined length. 
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[0019]     A magnetic body management method according to a second aspect of the 

present invention, includes: a step of acquiring, at a shipping location of a magnetic body, a 

first detection signal based on a magnetic field of the magnetic body or a change in the 

magnetic field; a step of acquiring, at a location of use of the magnetic body, a second 

detection signal of the magnetic body by the same method as a method for acquiring the first 

detection signal; a step of storing first magnetic body information in which the first detection 

signal and an identifier of the magnetic body are linked in a server; a step of storing second 

magnetic body information in which the second detection signal and the identifier of the 

magnetic body are linked in the server; and a step of estimating a deterioration state of the 

magnetic body based on at least the first magnetic body information and the second magnetic 

body information. 

[0020]     In the magnetic body management method according to the second aspect of the 

present invention, as described above, the method includes: a step of acquiring, at a shipping 

location of a magnetic body, a first detection signal; a step of acquiring, at a location of use of 

the magnetic body, a second detection signal of the magnetic body by the same method as a 

method for acquiring the first detection signal; a step of storing first magnetic body 

information in a server; a step of storing second magnetic body information in the server; and 

a step of estimating a deterioration state of the magnetic body based on at least the first 

magnetic body information and the second magnetic body information. With this, similarly to 

the magnetic body management system according to the first aspect of the present invention, 

it is possible to suppress the deterioration of the quality of the measurement data to be 

accumulated, and it is also possible to provide a magnetic body management method capable 

of suppressing the deterioration of the accuracy of the status determination of the magnetic 

body. 

Effects of the Invention 
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[0021]     According to the present invention, as described above, it is possible to provide 

a magnetic body management system and a magnetic body management method capable of 

suppressing the deterioration of the quality of measurement data to be accumulated and also 

capable of suppressing the deterioration of the accuracy of the condition determination of a 

magnetic body. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022]  

FIG. 1 is a schematic diagram showing an entire configuration of a magnetic body 

management system according to a first embodiment. 

FIG. 2 shows a schematic diagram (A) showing an arrangement example of a first 

magnetic body inspection device at a shipping location and a schematic diagram (B) showing 

an arrangement example of a second magnetic body inspection device at a location of use. 

FIG. 3 is a diagram for explaining configurations of a detection unit and a magnetic 

field application unit of the first magnetic body inspection device and the second magnetic 

body inspection device according to the first embodiment. 

FIG. 4 is a block diagram showing a control structure of the first magnetic body 

inspection device and the second magnetic body inspection device according to the first 

embodiment. 

FIG. 5 is a schematic diagram showing a waveform of a first detection signal. 

FIG. 6 is a schematic diagram showing a waveform of a second detection signal. 

FIG. 7 is a schematic diagram showing a differential waveform. 

FIG. 8 shows a schematic diagram (A) of a first detection signal, a schematic 

diagram (B) of a second detection signal, and a schematic diagram (C) of a differential 

waveform when there is no change in a deterioration state of a magnetic body. 
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FIG. 9 shows a schematic diagram (A) of a first detection signal, a schematic 

diagram (B) of a second detection signal (B), and a schematic diagram (C) of a differential 

waveform when there is a change in a deterioration state of a magnetic body. 

FIG. 10 shows a schematic diagram (A) showing an example of first magnetic body 

information, a schematic diagram (B) showing an example of second magnetic body 

information, and a schematic diagram (C) showing an example of magnetic body 

deterioration information. 

FIG. 11 is a schematic diagram for explaining the exchange of information between a 

server and magnetic body inspection devices. 

FIG. 12 is a flowchart for explaining the processing of estimating a deterioration 

state of a magnetic body by the magnetic body management system according to the first 

embodiment. 

FIG. 13 is a flowchart for explaining the processing of transmitting deterioration 

information by the magnetic body management system according to the first embodiment. 

FIG. 14 is a schematic diagram showing an entire configuration of a magnetic body 

management system according to a second embodiment. 

FIG. 15 shows a schematic diagram (A) to a schematic diagram (C) for explaining a 

magnetic field application unit according to a first modification. 

FIG. 16 shows a schematic diagram (A) to a schematic diagram (F) for explaining a 

detection unit according to a second modification. 

 

EMBODIMENTS FOR CARRYING OUT THE INVENTION 

[0023]     Hereinafter, embodiments in which the present invention is embodied will be 

described with reference to the attached drawings. 

[First Embodiment] 
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[0024]     Referring to FIG. 1 to FIG. 4, the configuration of a magnetic body 

management system 100 according to a first embodiment of the present invention will be 

described. 

(Configuration of Magnetic Body Management System) 

[0025]     First, referring to FIG. 1, the configuration of the magnetic body management 

system 100 according to the first embodiment will be described. 

[0026]     As shown in FIG. 1, the magnetic body management system 100 is provided 

with a first magnetic body inspection device 1, a second magnetic body inspection device 2, a 

server 3, a first transmission unit 4, and a second transmission unit 5. 

[0027]     The first magnetic body inspection device 1 is configured to acquire a detection 

signal DS (first detection signal DS1) (see FIG. 5) based on a magnetic field of a magnetic 

body MM or the change in the magnetic field at the shipping location of the magnetic body 

MM. The detailed configuration that the first magnetic body inspection device 1 acquires the 

detection signal DS will be described later. Note that in this embodiment, the shipping 

location includes a production plant where the magnetic body MM is produced, a storage 

warehouse where the magnetic body MM is stored after the production, and the like. Further 

note that the magnetic body MM to be inspected by the first magnetic body inspection device 

1 is a wire rope W. Note that the wire rope W is an example of the “magnetic body” recited in 

claims. 

[0028]     The second magnetic body inspection device 2 is configured to acquire a 

detection signal DS (second detection signal DS2 (see FIG. 6)) by the same method as that of 

the first magnetic body inspection device 1 that acquires a detection signal DS of the wire 

rope W, at the location of use of the wire rope W. The detailed configuration that the second 

magnetic body inspection device 2 acquires the detection signal DS will be described later. 

Note that in this embodiment, the term “location of use” refers to a location where the wire 
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rope W has been installed (machine, equipment, infrastructure, etc.). 

[0029]     The first transmission unit 4 is configured to transmit the first magnetic body 

information 10 (see (A) of FIG. 10) in which the detection signal DS acquired by the first 

magnetic body inspection device 1 and the ID of the wire rope W are linked to a server 3. In 

the first embodiment, the first transmission unit 4 is included in the first magnetic body 

inspection device 1 and is configured to transmit the first magnetic body information 10 to the 

server 3 via the network N. In the first embodiment, the first transmission unit 4 includes, for 

example, a transmitter and is configured to be wirelessly connected to the network N. The ID 

is a unique number, symbol, or combination thereof assigned to each wire rope W. Linking the 

detection signal DS and the ID of the wire rope W means that the wire rope W and the ID are 

associated with each other in a one-to-one relationship by assigning one ID to one wire rope 

W. Further note that the ID is an example of the “identifier” recited in claims. 

[0030]     Further note that the ID of the wire rope W includes a branch number ID for 

discriminating a portion cut out to a predetermined length at the time of producing the wire 

rope W. Note that the branch number ID is an example of the “identifier for identifying a 

portion cut out” recited in claims. 

[0031]     The second transmission unit 5 is configured to transmit the second magnetic 

body information 11 (see FIG. 10 (B) in which the detection signal DS acquired by the second 

magnetic body inspection device 2 and the ID of the wire rope W are linked to the server 3. In 

the first embodiment, the second transmission unit 5 is included in the second magnetic body 

inspection device 2 and is configured to transmit the second magnetic body information 11 to 

the server 3 via the network N. In the first embodiment, the second transmission unit 5 

includes, for example, a transmitter and is configured to be wirelessly connected to the 

network N. 

[0032]     The server 3 includes a control unit 30, a storage unit 31, a deterioration 



 15 

information transmission unit 32, and a magnetic body information acquisition unit 33. The 

server 3 is connected to the network N. The first magnetic body inspection device 1 and the 

second magnetic body inspection device 2 are also connected to the network N. Therefore, the 

server 3, the first magnetic body inspection device 1, and the second magnetic body 

inspection device 2 are configured to transmit and receive information via the network N. 

[0033]     The control unit 30 is configured to estimate the deterioration state of the wire 

rope W based on the first magnetic body information 10 and the second magnetic body 

information 11. Further, the control unit 30 is configured to store the magnetic body 

information (the first magnetic body information 10 and the second magnetic body 

information 11) transmitted to the server 3 in the storage unit 31. The control unit 30 includes, 

for example, a CPU (Central Processing Unit), a ROM (Read Only Memory), and a RAM 

(Random Access Memory). The details of the processing of estimating the deterioration state 

of the wire rope W by the control unit 30 will be described later. 

[0034]     The storage unit 31 stores programs to be executed by the control unit 30. The 

storage unit 31 includes a specific information storage unit 31a, a deterioration information 

storage unit 31b, and an abnormality information storage unit 31c. The specific information 

storage unit 31a is configured to store the first magnetic body information 10 as the specific 

information of the wire rope W. Further, the deterioration information storage unit 31b is 

configured to store the second magnetic body information 11 as the deterioration information 

of the wire rope W. The deterioration information storage unit 31b is configured to store the 

magnetic body deterioration information 12 (see FIG. 10) to be described later. Further, the 

abnormality information storage unit 31c is configured to store the abnormality information 

13 (see FIG. 9) to be described later. The storage unit 31 includes, for example, a nonvolatile 

memory, an HDD (Hard Disk Drive), an SSD (Solid State Drive), and the like. The specific 

information storage unit 31a, the deterioration information storage unit 31b, and the 
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abnormality information storage unit 31c include database of the specific information 

constructed in the storage unit 31, database of the deterioration information, and database of 

the abnormality information 13, respectively. 

[0035]     The deterioration information transmission unit 32 is configured to transmit the 

deterioration information (the magnetic body deterioration information 12) of the wire rope W 

including at least the differential waveform DW (see FIG. 9) in response to a request from at 

least one of the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2. The deterioration information transmission unit 32 includes, for example, 

an I/O interface. 

[0036]     The magnetic body information acquisition unit 33 is configured to acquire the 

first magnetic body information 10 and the second magnetic body information 11 transmitted 

from the first magnetic body inspection device 1 and the second magnetic body inspection 

device 2, respectively, via the network N. The magnetic body information acquisition unit 33 

includes, for example, an input/output interface. 

(Shipping Location and Location of Use) 

[0037]     Next, referring to FIG. 2, an example of a shipping location where the first 

magnetic body inspection device 1 is arranged and an example of a location of use where the 

second magnetic body inspection device 2 is arranged will be described. Note that in the first 

embodiment, the shipping location and the location of use are different locations. 

[0038]     In the example shown in (A) of FIG. 2, the first magnetic body inspection 

device 1 is arranged in a production plant of the wire rope W as a shipping location of the 

wire rope W. Specifically, the first magnetic body inspection device 1 is arranged in the 

production plant in order to inspect the wire rope W at the time of producing the wire rope W 

which is formed by twisting a plurality of members such as strands WS. Note that the 

members such as strands WS denotes a core, a wire, and a strand which is made by twisting 
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wires. 

[0039]     As shown in (A) of FIG. 2, the first magnetic body inspection device 1 is 

arranged between a twisting mechanism M1 for twisting a plurality of members such as 

strands WS and a winding drum M2 for winding a wire rope W and acquires a detection 

signal DS of the wire rope W before being wound by the winding drum M2. That is, the first 

magnetic body inspection device 1 acquires a detection signal DS of the wire rope W in a pre-

use (unused) state. Note that the wire rope W is cut out to a predetermined length and is 

transported to a location of use in a state in which it is cut and wound on a winding drum that 

differs from the winding drum M2. 

[0040]     In the example shown in (B) of FIG. 2, the second magnetic body inspection 

device 2 is arranged in an elevator E as a location of use of the wire rope W. Specifically, the 

second magnetic body inspection device 2 is arranged in an elevator E to inspect the wire rope 

W installed on the elevator E. The elevator E includes a cage E1, a hoisting machine E2 for 

raising and lowering the cage E1 by winding the wire rope W, and a position sensor E3 for 

detecting the position of the cage E1 (wire rope W). In the elevator E, since the wire rope W 

is moved by the hoisting machine E2, the inspection is performed as the wire rope W moves 

in a state in which the second magnetic body inspection device 2 is fixed. In the example 

shown in (B) of FIG. 2, the second magnetic body inspection device 2 inspects the wire rope 

W while relatively moving along the surface of the wire rope W in the direction (X-direction) 

along which the wire rope W extends. That is, the second magnetic body inspection device 2 

acquires the detection signal DS of the wire rope W in a state in which it has been installed in 

the elevator E (while using it). Further, the second magnetic body inspection device 2 is 

configured to acquire a detection signal DS immediately after it has been installed at the 

location of use (elevator E). 

[0041]     In the first embodiment, the magnetic body management system 100 acquires 
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the deterioration state of one wire rope W transported from the shipping location to the 

location of use and installed in an elevator E over time. 

(Configuration of Wire Rope) 

[0042]     The wire rope W is a magnetic body MM formed of an elongated member 

extending in the X-direction. As shown in (A) of FIG. 2, the wire rope W is formed by 

twisting members such as strands WS having magnetism. The wire rope W is monitored for 

the deterioration state (presence or absence of damage, etc.) to prevent the breakage, etc., due 

to the deterioration or the like. Then, the wire rope W in which the deterioration state 

progresses beyond a predetermined state and the risk of breakage or the like is increased will 

be replaced prior to the occurrence of breakage or the like. 

(Configurations of First Magnetic Body Inspection Device and Second Magnetic Body 

Inspection Device) 

[0043]     Next, referring to FIG. 3 and FIG. 4, the configurations of the first magnetic 

body inspection device 1 and the second magnetic body inspection device 2 will be described. 

[0044]     The first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 are each provided with a magnetic field application unit 6, a detection unit 

7, an output unit 86 (see FIG. 4), and a deterioration information acquisition unit 87 (see FIG. 

4). In the first embodiment, as shown in FIG. 3, the first magnetic body inspection device 1 

and the second magnetic body inspection device 2 are each configured to detect a change in 

the magnetic field (total magnetic flux) of the wire rope W by the detection coil 70. 

(Configuration of Magnetic Field Application Unit) 

[0045]     As shown in FIG. 3, the magnetic field application unit 6 is configured to align 

the magnetization direction of the wire rope W by applying a magnetic field to the wire rope 

W in a predetermined direction prior to performing the detection of the detection signal DS by 

the detection unit 7. The magnetic field application unit 6 includes a first magnetic field 
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application unit including magnets 61 and 62 and a second magnetic field application unit 

including magnets 63 and 64. The magnets 61, 62, 63 and 64 are each configured by, for 

example, a permanent magnet. 

[0046]     The first magnetic field application unit (magnets 61 and 62) is arranged on one 

side (X1-direction side) of the extending direction of the wire rope W with respect to the 

detection unit 7. Further, the second magnetic field application unit (magnets 63 and 64) are 

arranged on the other side (X2-direction side) of the extending direction of the wire rope W 

with respect to the detection unit 7. In the example shown in FIG. 3, the magnets 61 and 62 

are arranged so that different poles of the S and N poles are opposed to each other. Also for 

the magnets 63 and 64, different poles of the S pole and N pole are opposed to each other. 

Note that in the example shown in FIG. 3, for convenience, in the magnet 61 (62, 63 and 64), 

it is illustrated with hatching on one pole. 

[0047]     Further, the magnetic field application unit 6 is configured to apply a magnetic 

field to the wire rope W so that the magnetization direction of the wire rope W is aligned with 

each other at the time of inspecting the wire rope W at the shipping location and at the time of 

inspecting the wire rope W at the location of use. Specifically, the magnetic field application 

units 6 provided in the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 are configured to apply a magnetic field in the same direction with respect 

to the wire rope W. Therefore, the magnetic field application units 6 provided in the first 

magnetic body inspection device 1 and the second magnetic body inspection device 2 can 

align the magnetization direction of the wire rope W to each other at the time of inspecting the 

wire rope W at the shipping location and at the time of inspecting the wire rope W at the 

location of use. 

(Configuration of Detection Unit) 

[0048]     The detection unit 7 includes a detection coil 70 for detecting the change in the 
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total magnetic flux of the wire rope W and is configured to output a detection signal DS of the 

wire rope W in which the magnetization direction is aligned by the magnetic field application 

unit 6. The detection coil 70 includes a pair of differential coils 74 having receiving coils 71 

and 72 and acquiring the difference value of the detection signals DS received by the 

receiving coils 71 and 72. The detection coil 70 (differential coil 74) and the excitation coil 73 

are, as shown in FIG. 3, wound a plurality of times along the extending direction of the wire 

rope W (X-direction) about the central axis in the extending direction of the wire rope W. 

Therefore, the surfaces forming the wound conductive portion of the detection coil 70 and the 

excitation coil 73 are substantially perpendicular to the extending direction of the wire rope W 

(X-direction). The wire rope W passes through the inside of the detection coil 70 and the 

excitation coil 73. Further, the detection coil 70 is provided inside the excitation coil 73 in the 

Y-direction. The receiving coils 71 and 72 are provided inside the detection unit 7, and the 

receiving coil 71 of the receiving coils 71 and 72 is arranged on the X1-direction side. 

Further, the receiving coil 72 of the receiving coils 71 and 72 is arranged on the X2-direction 

side. Note that the detection coil 70 is configured to detect the detection signal DS in a non-

contact state with respect to the wire rope W. 

[0049]     The detection coil 70 is configured to detect a change in the magnetic field of 

the wire rope W which is an inspection target in the X-direction by a pair of receiving coils 71 

and 72. That is, the detection coil 70 detects the change in the total magnetic flux in the X-

direction with respect to the wire rope W to which a magnetic field is applied by the 

excitation coil 73. Further, the detection coil 70 is configured to output the change in the 

magnetic field of the detected wire rope W in the X-direction. The detection coil 70 is 

configured to acquire the change in the magnetic field of the wire rope W as a voltage value 

and output it. 

[0050]     The excitation coil 73 excites the magnetization state of the wire rope W. 
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Specifically, the excitation coil 73 generates an AC magnetic field by following an AC current 

through the excitation coil 73. The excitation coil 73 is configured to excite the magnetization 

state of the wire rope W in the interior of the excitation coil 73 by applying an AC magnetic 

field generated based on the exciting AC current to the wire rope W. 

[0051]     In a case where there is damage (breakage, etc.) in the wire rope W, the total 

magnetic flux (value obtained by multiplying the magnetic field by the magnetic permeability 

and the area) becomes smaller as compared with the portion where the wire rope has no 

damage (breakage, etc.). Consequently, for example, when the receiving coil 71 is positioned 

at the location where there is damage (breakage, etc.), the magnetic flux amount passing 

through the detection coil 70 changes as compared with the receiving coil 72. Therefore, the 

absolute value of the difference between the detected voltages by the detection coil 70 (the 

difference value of the detection signal DS) increases. On the other hand, the detection signal 

DS at a portion where there is no damage (breakage, etc.) is almost zero. Thus, in the 

detection coil 70, a clear signal (signal with a good S/N ratio) indicating the presence of 

damage (breakage, etc.) is detected. This allows the electronic circuit unit 8 to detect the 

presence of damage (breakage, etc.) of the wire rope W based on the value of the detection 

signal DS. 

[0052]     Note that in the first embodiment, it is configured such that at the shipping 

location and at the location of use, the wire rope W moves with respect to the first magnetic 

body inspection device 1 and the second magnetic body inspection device 2. Therefore, it is 

possible to acquire the detection signal DS of the wire rope W without moving the first 

magnetic body inspection device 1 and the second magnetic body inspection device 2. Note 

that, for example, in a case where the wire rope W does not move, by moving the first 

magnetic body inspection device 1 and the second magnetic body inspection device 2, the 

first magnetic body inspection device 1 and the second magnetic body inspection device 2 can 
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acquire a detection signal DS of the wire rope W. 

[0053]  

(Configuration of Magnetic Body Inspection Unit) 

[0054]     As shown in FIG. 4, the first magnetic body inspection device 1 and the second 

magnetic body inspection device 2 is each provided with a detection unit 7 and an electronic 

circuit unit 8. The detection unit 7 includes a detection coil 70 and an excitation coil 73. The 

electronic circuit unit 8 includes an inspection control unit 80, a receiving I/F 81, a storage 

unit 82, an excitation I/F 83, a power supply circuit 84, a position information acquisition unit 

85, an output unit 86, and a deterioration information acquisition unit 87. 

[0055]     The inspection control unit 80 of the electronic circuit unit 8 shown in FIG. 4 is 

configured to control each part of the first magnetic body inspection device 1 and the second 

magnetic body inspection device 2. Specifically, the inspection control unit 80 includes 

processors, such as, e.g., a CPU, a memory and an AD converter. 

[0056]     The inspection control unit 80 is configured to acquire a detection signal DS 

based on the total magnetic flux detected by the detection coil 70. Further, the inspection 

control unit 80 is configured to receive the detection signal DS detected by each of the pair of 

differential coil 74 (receiving coils 71 and 72) and output it to the server 3 via the output unit 

86. Further, the inspection control unit 80 is configured to perform control to excite the 

excitation coil 73. 

[0057]     Further, the inspection control unit 80 is configured to acquire the position 

information of the detection unit 7 (detection coil 70) in the wire rope W via the position 

information acquisition unit 85. The inspection control unit 80 is configured to acquire, for 

example, the position information of the detection unit 7 from the position sensor E3 of the 

elevator E. 

[0058]     The storage unit 82 is configured to store the detection information in which the 
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position information at the time of detecting the detection signal DS of the wire rope W and 

the detection signal DS of the wire rope W detected by the position information detection coil 

70 (differential coil 74) by the inspection control unit 80 are linked. The storage unit 82 may 

be composed of, for example, a flash memory, an HDD, or an SSD. The inspection control 

unit 80 is configured to transmit the detection information to the server 3 via the output unit 

86. 

[0059]     The receiving I/F 81 is configured to receive a signal (voltage value) based on 

the total magnetic flux from the detection coil 70 and transmit it to the inspection control unit 

80, under the control of the inspection control unit 80. Specifically, the receiving I/F 81 

includes an amplifier. The receiving I/F 81 is configured to amplify the signal based on the 

total magnetic flux of the detection coil 70 and transmits it to the inspection control unit 80. 

[0060]     The excitation I/F 83 is configured to control the supply of power to the 

excitation coil 73 under the control of the inspection control unit 80. Specifically, the 

excitation I/F 83 controls the supply of power from the power supply circuit 84 to the 

excitation coil 73 based on the control signal from the inspection control unit 80. 

[0061]     The position information acquisition unit 85 is configured to acquire the 

position information of the detection unit 7 at the time of detecting the detection signal DS of 

the wire rope W under the control of the inspection control unit 80. The position information 

acquisition unit 85 is configured to acquire the position information of the detection unit 7 

acquired by the position sensor E3 of the elevator E. The position information acquisition unit 

85 includes, for example, a serial communication port. Here, in order to estimate the 

deterioration state of the wire rope W based on the detection signal DS before the wire rope W 

is installed at the location of use and the detection signal DS after the wire rope W has been 

actually arranged at the location of use, the respective detection signals DS must be aligned 

based on the measured length. Further, in some cases, the moving speed of the wire rope W at 
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the time of acquiring the detection signal DS before the wire rope W is installed at the 

location of use may differ from the moving speed of the wire rope W at the time of acquiring 

the detection signal DS at the location of use. When the moving speed of the wire rope W 

differs, the intervals (sampling pitches) of the measuring points of the detection signals DS of 

the wire rope W change. Further, for example, in a case where the wire rope W is used for an 

elevator E, a load is applied to the wire rope W. Therefore, there is a case in which the partial 

elongation occurs in the wire rope W. Even in a case where the wire rope W is partially 

elongated, the intervals (sampling pitches) of the measured points of the detection signals DS 

of the wire rope W change. Therefore, in order to accurately estimate the deterioration state of 

the wire rope W, it is preferable to perform a correction for aligning the detection signals DS 

based on the measured length and correct the difference of the sampling pitches due to the 

partial elongation of the wire rope W. Even in a case where there is a difference in the moving 

speed of the wire rope W in different circumstances, or even in a case where the wire rope W 

is loaded and partially elongated, since the position information acquisition unit 85 is 

provided, it is possible to align the inspection data based on the measured length. 

[0062]     The output unit 86 is configured to output the detection signal DS detected by 

the detection unit 7 to the server 3 via the network N. The output unit 86 includes, for 

example, an I/O interface. 

[0063]     The deterioration information acquisition unit 87 is configured to acquire the 

information of the deterioration state of the wire rope W from the server 3 via the network N. 

The deterioration information acquisition unit 87 includes, for example, an I/O interface. 

(Detection Signal and Differential Waveform) 

[0064]     Next, referring to FIG. 5 to FIG. 7, the first detection signal DS1, the second 

detection signal DS2, and the differential waveform DW will be described. 

[0065]     FIG. 5 shows a schematic diagram of a graph G1 of a first detection signal DS1 
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acquired by the first magnetic body inspection device 1. In the graph G1, the horizontal axis 

represents the position information of the first magnetic body inspection device 1 (detection 

coil 70). Further, in the graph G1, the vertical axis represents the signal intensity of the 

detection signal DS (first detection signal DS1). 

[0066]     FIG. 6 shows a schematic diagram of a graph G2 of the second detection signal 

DS2 acquired by the second magnetic body inspection device 2. In the graph G2, the 

horizontal axis represents the position information of the second magnetic body inspection 

device 2 (detection coil 70). In the graph G2, the vertical axis represents the signal intensity of 

the detection signal DS (second detection signal DS2). 

[0067]     As shown in FIG. 5 and FIG. 6, the detection signal DS (the first detection 

signal DS1 and the second detection signal DS2) is information including the position 

information of the detection unit 7 when the detection signal DS is detected and the signal 

intensity of the detection signal DS. 

[0068]     In the first embodiment, the server 3 acquires the differential waveform DW 

such as the graph G3 shown in FIG. 7, based on the first detection signal DS1 and the second 

detection signal DS2. Specifically, the server 3 acquires the differential waveform DW by 

acquiring the difference between the first detection signal DS1 and the second detection signal 

DS2. In the example shown in FIG. 7, since the value of the graph G3 is almost zero, the 

thickness of the line of the graph G3 is shown at the same position as the horizontal axis of 

the graph G3 by changing the thickness of the horizontal axis of the graph G3. Further, the 

first magnetic body inspection device 1 and the second magnetic body inspection device 2 are 

configured to perform sensitivity calibration, respectively. Specifically, it is configured such 

that the correction is performed so that the vertical axis of the graph G1 coincides with the 

vertical axis of the graph G2. 

(Estimation of Deterioration State) 
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[0069]     Next, referring to FIG. 8 and FIG. 9, the configuration in which the control unit 

30 according to the first embodiment estimates the deterioration state of the wire rope W will 

be described. 

[0070]     The example shown in (A) and (B) of FIG. 8 is an example in which the 

deterioration state of the wire rope W has not been changed between the inspection time by 

the first magnetic body inspection device 1 and the inspection time by the second magnetic 

body inspection device 2. 

[0071]     The first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 each have the magnetic field application unit 6, so that it is possible to 

suppress the noise generated in the detection signal DS. Therefore, the detection signals DS 

acquired by the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 are highly reproducible. Note that the detection signal DS is high 

reproducible means that the degree of coincidence of the shapes of the detection signals DS to 

be acquired when the wire rope W is inspected by the first magnetic body inspection device 1 

and the second magnetic body inspection device 2 is high. 

[0072]     The first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 are provided with, as described above, the magnetic field application unit 

6, the excitation coil 73, and the differential coil 74 and is configured to acquire the detection 

signal DS of the wire rope W by a total magnetic flux method. Therefore, since the 

reproducibility of the detection signals DS acquired by the first magnetic body inspection 

device 1 and the second magnetic body inspection device 2 is higher than that of a 

conventional device, the first detection signal DS1 and the second detection signal DS2 have 

substantially the same waveform unless the deterioration state of the wire rope W has changed 

between the time of the inspection by the first magnetic body inspection device 1 and the time 

of the inspection by the second magnetic body inspection device 2. 
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[0073]     Therefore, in a case where the deterioration state of the wire rope W has not 

changed, the differential waveform DW acquired by the server 3 acquiring the difference 

between the first detection signal DS1 and the second detection signal DS2 becomes a linear 

graph having a substantially constant value, as shown in the graph G3 of (C) of FIG. 8. 

[0074]     (A) of FIG. 9 is a schematic diagram of a detection signal DS (first detection 

signal DS1) at the time of the inspection by the first magnetic body inspection device 1. (B) of 

FIG. 9 is a schematic diagram of a detection signal DS (second detection signal DS2) at the 

time of the inspection by the second magnetic body inspection device 2. The example shown 

in (A) and (B) of FIG. 9 is an example in which the deterioration state of the wire rope W has 

changed between the time of the inspection by the first magnetic body inspection device 1 and 

the time of the inspection by the second magnetic body inspection device 2. 

[0075]     As shown in (A) and (B) of FIG. 9, since the deterioration state of the wire rope 

W has changed at the time of the inspection by the first magnetic body inspection device 1 

and at the time of the inspection by the second magnetic body inspection device 2, the shapes 

of the first detection signal DS1 and the second detection signal DS2 do not coincide with 

each other. Therefore, the differential waveform DW acquired based on the difference 

between the first detection signal DS1 and the second detection signal DS2 becomes a 

waveform having a peak P caused by the deterioration of the wire rope W, as shown in (C) of 

FIG. 9. 

[0076]     The server 3 can acquire the change in the deterioration state of the wire rope W 

based on the change in the change in the magnitude (intensity) of the peak P caused in the 

differential waveform DW. Further, the server 3 can determine whether or not damage has 

occurred in the wire rope W based on the magnitude (intensity) of the peak P caused in the 

differential waveform DW. For example, the server 3 can determine that damage has occurred 

in the wire rope W when the magnitude (intensity) of the peak P caused in the differential 
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waveform DW has exceeded a predetermined threshold. Further, the server 3 is configured to 

estimate the deterioration state of the wire rope W based on the first magnetic body 

information 10, the detection signal DS acquired immediately after being installed at the 

location of use (elevator E), and the second magnetic body information 11 linked to the ID of 

the wire rope W. 

[0077]     Further, the server 3 can determine the type of the damage generated in the wire 

rope W based on the shape of the waveform of the second detection signal DS2. Specifically, 

since the shape of the waveform of the detection signal DS differs depending on the damage 

generated in the wire rope W, the server 3 can determine the type of the damage generated in 

the wire rope W depending on the shape of the waveform of the detection signal DS. The 

server 3 can determine, for example, breakage, kinks, and disordered twists of the wire rope 

W. Note that the kinks of the wire rope W denote a state in which unrecoverable plastic 

deformation, such as, e.g., twists and bunched curves, has occurred due to a handling failure 

when pulling out the wire rope W from the winding drum M2, extending the wire rope W, or 

the like. Further, the disordered twists of the wire rope W denote a state in which the twisted 

state of the wire rope W differs from a normal part of the wire rope W due to, for example, 

unintentional cross twisting of some of members such as strands WS occurred when twisting 

members such as strands WS. 

[0078]     As the method of determining the damage type of the wire rope W by the server 

3 based on the shape of the waveform of the second detection signal DS2, there are, for 

example, machine learning and fitting of the shape to the model waveform of damage of a 

wire rope W. 

[0079]     Since the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 acquire detection signals DS in the same method, the reproducibility of 

the detection signal DS is increased, so it is possible to accurately detect peaks P, such as, e.g., 
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the breakage of the wire rope W. Therefore, the server 3 can accurately detect the damage of 

the wire rope W, the type of damage, and the like. 

(Information Exchange Between Magnetic Body Inspection Device and Server) 

[0080]     Next, referring to FIG. 10 and FIG. 11, the information transmitted and received 

between the first magnetic body inspection device 1 and the second magnetic body inspection 

device 2, and the server 3 will be described. 

[0081]     (A) of FIG. 10 shows an example of first magnetic body information 10 

transmitted from the first magnetic body inspection device 1 to the server 3. 

[0082]     The first magnetic body inspection device 1 is configured to transmit the first 

magnetic body information 10 to the server 3. The first magnetic body information 10 

includes the ID of the wire rope W, the product information of the wire rope W, the date and 

time when the first detection signal DS1 was acquired, and the first detection signal DS1. The 

product information of the wire rope W includes, for example, the length of the wire rope W 

and the diameter of the wire rope W. 

[0083]     (B) of FIG. 10 shows an example of second magnetic body information 11 

transmitted from the second magnetic body inspection device 2 to the server 3. 

[0084]     The second magnetic body inspection device 2 is configured to transmit the 

second magnetic body information 11 to the server 3. The second magnetic body information 

11 includes the ID of the wire rope W, the date and time when the second detection signal 

DS2 was acquired, and the second detection signal DS2. 

[0085]     As shown in (A) and (B) of FIG. 10, the first magnetic body information 10 

differs from the second magnetic body information 11 in the information included therein. 

[0086]     (C) of FIG. 10 is an example of the magnetic body deterioration information 12 

transmitted from the server 3 to at least one of the first magnetic body inspection device 1 and 

the second magnetic body inspection device 2. 
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[0087]     The server 3 is configured to transmit magnetic body deterioration information 

12 to at least one of the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2. The magnetic body deterioration information 12 includes the ID of the 

wire rope W, the acquisition date and time of the detection signal DS when acquiring the 

differential waveform DW, and the differential waveform DW. Note that in the first 

embodiment, the server 3 is configured to transmit the magnetic body deterioration 

information 12 in response to a request from at least one of the first magnetic body inspection 

device 1 and the second magnetic body inspection device 2. 

[0088]     Further, in the first embodiment, the server 3 is configured to store, as 

abnormality information 13, the waveform information of the detection signal DS (the second 

detection signal DS2) in the second magnetic body information 11 when it is estimated that 

damage (e.g., breakage) has occurred in the wire rope W, when estimating the deterioration 

state of the wire rope W. 

[0089]     FIG. 11 shows an example in which the transmission and reception of 

information in the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2, and the server 3 is shown in time sequence. 

[0090]     As shown in FIG. 11, initially, the first magnetic body inspection device 1 

transmits the first magnetic body information 10 acquired at the production time (t1) of the 

wire rope W to the server 3. The server 3 stores the transmitted first magnetic body 

information 10 in the specific information storage unit 31a. Note that the information to be 

stored in the specific information storage unit 31a is the initial first magnetic body 

information 10 transmitted to the server 3. Specifically, the server 3 stores the first detection 

signal DS1 and the product information of the wire rope W, which are included in the first 

magnetic body information 10, as specific information. Note that the specific information of 

the wire rope W denotes the shape of the waveform of the detection signal DS that is peculiar 
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to the individual wire rope W, which does not match the shape of other wire ropes W when 

the wire rope W is measured by the same method of the inspection device. 

[0091]     Since the detection signal DS (first detection signal DS1) acquired by the first 

magnetic body inspection device 1 is highly reproducible, the shape of the waveform of the 

detection signal DS (the first detection signal DS1) of the wire rope W and the specific 

information of the wire rope W can be handled as fingerprints. 

[0092]     Next, the first magnetic body inspection device 1 transmits the first magnetic 

body information 10 acquired at the time (t2) of shipping the wire rope W to the server 3. 

When the first magnetic body information 10 is transmitted at the second time and thereafter, 

since the specific information of the wire rope W has already been stored in the specific 

information storage unit 31a, the first magnetic body information 10 may include the ID of 

the wire rope W, the data acquisition date and time, and the first detection signal DS1, like the 

second magnetic body information 11. The server 3 stores the transmitted first magnetic body 

information 10 in the deterioration information storage unit 31b. At this time, when there is a 

request from the first magnetic body inspection device 1, the server 3 transmits the magnetic 

body deterioration information 12 at the time (t1) of the production and the time (t2) of the 

shipment to the first magnetic body inspection device 1. Thereafter, the wire rope W is 

transported to the location of use. 

[0093]     Next, at the time (t3) of the start of use of the wire rope W, the second magnetic 

body inspection device 2 transmits the acquired second magnetic body information 11 to the 

server 3. The server 3 stores the transmitted second magnetic body information 11 in the 

deterioration information storage unit 31b. At this time, when there is a request from the 

second magnetic body inspection device 2, the server 3 transmits the magnetic body 

deterioration information 12 to the second magnetic body inspection device 2 at the time (t2) 

of the shipment and at the time (t3) of the start of use. 
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[0094]     Thereafter, at the time (t4) of the periodic inspection 1, at the time (t5) of the 

periodic inspection 2, and at the time (tn) of the periodic inspection n for acquiring the 

information of the deterioration state of the wire rope W, the second magnetic body inspection 

device 2 transmits the acquired second magnetic body information 11 to the server 3. The 

server 3 stores the transmitted second magnetic body information 11 in the deterioration 

information storage unit 31b. Further, the server 3 transmits the magnetic body deterioration 

information 12 to the second magnetic body inspection device 2 in response to a request from 

the second magnetic body inspection device 2. 

[0095]     In the first embodiment, as described above, the server 3 is configured to 

acquire the differential waveform DW with the detection signal DS at the time of the last 

inspection. 

[0096]     Further, the server 3 stores the first magnetic body information 10 as the 

specific information of the wire rope W in the specific information storage unit 31a at the time 

of producing the wire rope W. After that, the first magnetic body information 10 and the 

second magnetic body information 11 acquired at the time of the respective inspections are 

stored in the deterioration information storage unit 31b. That is, since the server 3 

accumulates the deterioration information of the wire rope W as historical information, the 

magnetic body management system 100 can ensure the traceability of the wire rope W. 

Therefore, it is possible to acquire the change in the deterioration state of the wire rope W 

caused between the measurements. Therefore, it is possible to grasp at which stage the 

abnormality of the wire rope W has occurred. 

[0097]     Since the server 3 stores the waveform information of the detection signal DS 

(the second detection signal DS2) in the second magnetic body information 11 when damage 

has occurred in the wire rope W as the abnormality information 13, it can store the transition 

of the deterioration in the wire rope W and the waveform (the second detection signal DS2) 
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when the anomaly has occurred. Therefore, the server 3 can accumulate the history 

information and the abnormality information 13 for a plurality of wire ropes W, so it is 

possible to grasp a sign that damage occurs in a certain wire rope W based on the history 

information and the abnormality information 13 in the plurality of wire ropes W. Further, by 

integrally analyzing the information on the load applied to the wire rope W and other 

information, it is possible to grasp a highly accurate sign. Further, based on a plurality of 

abnormality information 13, it is possible to perform updating of the algorithms for estimating 

the deterioration state of the wire rope W. For example, in a case where the server 3 estimates 

the deterioration state of the wire rope W using machine learning, it can accumulate data for 

machine learning, which enables updating of the learning model. 

[0098]     Further, in a case where the server 3 estimates damage by the shape fitting of 

the model waveform and the detection signal DS, it is possible to accumulate the waveform 

shapes when damage has occurred as the abnormality information 13. Therefore, it is possible 

to optimize the parameters of the model waveform. By optimizing the parameters of the 

model waveforms, in the server 3, in particular, the accuracy of the classification of the type 

of damage of the wire rope W can be improved. 

(Deterioration State Estimation Processing In Magnetic Body Management System) 

[0099]     Next, referring to FIG. 12, the flow of the processing by which the magnetic 

body management system 100 estimates the deterioration state of the wire rope W will be 

described. 

[0100]     In Step S1, the first magnetic body inspection device 1 acquires the first 

detection signal DS1 based on the magnetic field of the wire rope W or the change in the 

magnetic field. Thereafter, in Step S2, the second magnetic body inspection device 2 acquires 

the second detection signal DS2 of the wire rope W by the same method as the acquisition of 

the first detection signal DS1 at the location of use of the wire rope W. Thereafter, the 



 34 

processing proceeds to Step S3. 

[0101]     In Step S3, the first magnetic body inspection device 1 stores the first magnetic 

body information 10 in which the first detection signal DS1 and the ID of wire rope W are 

linked in the server 3. Next, in Step S4, the second magnetic body inspection device 2 stores 

the second magnetic body information 11 in which the second detection signal DS2 and the 

ID of the wire rope W are linked in the server 3. Thereafter, processing proceeds to Step S5. 

[0102]     In Step S5, the server 3 estimates the deterioration state of the wire rope W. 

Specifically, the server 3 estimates the deterioration state of the wire rope W based on at least 

the first magnetic body information 10 and the second magnetic body information 11. In a 

case where damage has occurred in the wire rope W, the processing proceeds to Step S6. In a 

case where damage has not occurred in the wire rope W, the processing ends. 

[0103]     In Step S6, when estimated that damage has occurred in the wire rope W, the 

server 3 stores the waveform information of the second detection signal DS2 in the second 

magnetic body information 11 as the abnormality information 13 and ends the processing. The 

processing of Step S3 may be performed after the processing of Step S1. Further, the 

processing of Step S4 may be performed after the processing of Step S2. In the server 3, the 

processing of Step S3 and the processing of Step S4 may be performed at any timing as long 

as it is before the estimation of the deterioration state of the wire rope W. 

(Deterioration Information Transmission Processing In Magnetic Body Management 

System) 

[0104]     Next, referring to FIG. 13, the processing in which the server 3 transmits the 

magnetic body deterioration information 12 will be described. 

[0105]     In Step S7, the server 3 checks whether or not a request for transmitting the 

magnetic body deterioration information 12 has been received from at least one of the first 

magnetic body inspection device 1 and the second magnetic body inspection device 2. In a 
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case where a transmission request of the magnetic body deterioration information 12 has been 

received, the processing proceeds to Step S8. In a case where a transmission request of the 

magnetic body deterioration information 12 has not been received, the processing of Step S7 

is repeated. 

[0106]     In Step S8, the server 3 transmits the magnetic body deterioration information 

12 to the magnetic body inspection device that has transmitted the magnetic body 

deterioration information 12 and ends the processing. 

(Effects of First Embodiment) 

[0107]     In this first embodiment, the following effects can be obtained. 

[0108]     In the first embodiment, as described above, the magnetic material management 

system 100 is provided with the first magnetic material inspection device 1 for acquiring the 

detection signal DS based on the magnetic field of the wire rope W or the change in the 

magnetic field at the shipping location of the wire rope W, the second magnetic body 

inspection device 2 of the same system as the first magnetic material inspection device 1 for 

acquiring the detection signal DS of the wire rope W at the location of use of the wire rope W, 

the server 3 for storing the information of the wire rope W, the first transmission unit 4 for 

transmitting the first magnetic body information 10 in which the detection signal DS acquired 

by the first magnetic material inspection device 1 and the identifier of the wire rope W are 

linked to the server 3, the second transmission unit 5 for transmitting the second magnetic 

body information 11 in which the detection signal DS acquired by the second magnetic body 

inspection device 2 and the identifier of the wire rope W are linked to the server 3. The server 

is configured to estimate the deterioration state of the wire rope W based on at least one of the 

first magnetic body information 10 and the second magnetic body information 11. Thus, at the 

shipping location and the location of use, it is possible to acquire the measurement data (the 

first magnetic body information 10 and the second magnetic body information 11) by using 
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the first magnetic body inspection device 1 and the second magnetic body inspection device 2 

of the same method. Therefore, it is possible to store not only the measurement data (second 

magnetic body information 11) at the location of use but also the measurement data (first 

magnetic body information 10) at the shipping location. As a result, it is possible to suppress 

the deterioration of the quality of the measurement data (first magnetic body information 10 

and second magnetic body information 11) to be accumulated and it is also possible to 

suppress the deterioration of the accuracy of the state determination of the wire rope W. 

Further, it is possible to acquire consistent time-series data from the location of the shipment 

to the location of use, which makes it possible to acquire useful data that provides new 

insights for improving production, storing management, transportation, installation, and other 

processing. 

[0109]     Further, in the first embodiment, as described above, the server 3 is configured 

to estimate the deterioration state of the wire rope W by acquiring the differential waveform 

DW of the first magnetic body information 10 and the second magnetic body information 11. 

As a result, since the differential waveform DW of the first magnetic body information 10 and 

the second magnetic body information 11 are acquired, it is possible to acquire the change in 

the deterioration state of the wire rope W that has occurred during the transportation from the 

shipping location to the location of use. As a result, the change in the deterioration state of the 

wire rope W can be acquired at the shipping location, during the transportation, and at the 

location of use, so that the traceability of the wire rope W can be ensured. 

[0110]     Further, in the first embodiment, as described above, the server 3 is configured 

to store, as the abnormality information 13, the waveform information of the detection signal 

DS in the second magnetic body information 11 in a case where it is estimated that damage 

has occurred in the wire rope W when performing the estimation of the deterioration state of 

the wire rope W. With this, since it is possible to store the abnormality information 13, it is 
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possible to update the algorithms in performing the estimation of the deterioration state of the 

wire rope W based on the accumulated abnormality information 13. Consequently, the 

estimation accuracy of the deterioration state of the wire rope W can be improved. 

[0111]     Further, in the first embodiment, as described above, it is further provided with 

the magnetic body information acquisition unit 33 for transmitting the deterioration 

information of the wire rope W including at least the differential waveform DW in response to 

a request from at least one of the first magnetic body inspection device 1 and the second 

magnetic body inspection device 2. With this, by requesting from the first magnetic body 

inspection device 1 and the second magnetic body inspection device 2 to the server 3, the first 

magnetic body inspection device 1 and the second magnetic body inspection device can 

acquire the differential waveform DW. As a result, at each of the shipping location and the 

location of use, it is possible to grasp the transition of the deterioration state of the wire rope 

W based on the differential waveform DW. Thus, it is possible to grasp at which timing the 

change in the deterioration state of the wire rope W has occurred. 

[0112]     Further, in the first embodiment, as described above, the first transmission unit 

4 and the second transmission unit 5 are included in the first magnetic body inspection device 

1 and the second magnetic body inspection device 2, respectively, and are configured to 

transmit at least the first magnetic body information 10 and the second magnetic body 

information 11 to the server 3 via the network N. With this, the first magnetic body 

information 10 and the second magnetic body information 11 can be transmitted directly from 

the first magnetic body inspection device 1 and the second magnetic body inspection device 

2, respectively, to the server 3, thereby suppressing the complexity of the system 

configuration. 

[0113]     Further, in the first embodiment, as described above, the first magnetic body 

inspection device 1 and the second magnetic body inspection device 2 each include the 
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magnetic field application unit 6 for aligning the magnetization direction of the wire rope W 

before detecting the detection signal DS, the detection unit 7 for outputting the detection 

signal DS whose magnetization direction has been aligned by the magnetic field application 

unit 6, the output unit 86 for outputting the detection signal DS, and the deterioration 

information acquisition unit 87 for acquiring the information of the deterioration state of the 

wire rope W. With this, since the first magnetic body inspection device 1 and the second 

magnetic body inspection device 2 are each provided with the magnetic field application unit 

6, the noise of the detection signal DS is reduced. Thus, it is possible to improve the accuracy 

of the detection signal DS, and therefore it is possible to improve the reproducibility of the 

detection signal DS detected between the devices. As a result, since the acquired detection 

signal DS is highly reproducible, even in a case where the first magnetic body inspection 

device 1 and the second magnetic body inspection device 2, which are different devices, are 

used at remote locations, the effects of individual differences between the first magnetic body 

inspection device 1 and the second magnetic body inspection device 2 in the detection signals 

DS can be suppressed, and therefore the respective detection signals DS can be handled 

collectively. 

[0114]     Further, in the first embodiment, as described above, the magnetic field 

application unit 6 is configured to apply a magnetic field to the wire rope W so that the 

magnetization direction of the wire rope W is aligned with each other at the time of inspecting 

the wire rope W at the shipping location and at the time of inspecting the wire rope W at the 

location of use. With this, at the time of the inspection at the shipping location of the wire 

rope W and at the time of the inspection of the wire rope W at the location of use, it is 

possible to align the magnetization direction of the wire rope W. Thus, it is possible to 

suppress the occurrence of the difference other than the change in the deterioration state in the 

detection signal DS due to the fact that the magnetization direction of the wire rope W differs, 
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so that it is possible to further improve the reproducibility of the wire rope. Consequently, the 

quality of the measurement data for estimating the deterioration state of the wire rope W can 

be further improved because the reproducibility of the measurement data can be further 

improved. 

[0115]     Further, in the first embodiment, as described above, the second magnetic body 

inspection device 2 is configured to acquire the detection signal DS immediately after being 

installed at the location of use. The server 3 is configured to estimate the deterioration state of 

the wire rope W based on the first magnetic body information 10 and the second magnetic 

body information 11 in which the detection signal DS acquired immediately after being 

installed at the location of use and the identifier of the wire rope W are linked. As a result, by 

acquiring the detection signal DS immediately after the start of use at the place where the wire 

rope W is actually used, it is possible to perform the alignment of the detection signals DS 

based on the measured length and the correction of the sampling pitch suitable for the actual 

use environment in the magnetic body information (the first magnetic body information 10) at 

the time of the production (before being installed at the location of use) and in the magnetic 

body information (the second magnetic body information 11) immediately after the start of 

use. Consequently, it is possible to improve the estimation accuracy of the deterioration state 

of the wire rope W in the server 3. Further, since the detection signal DS is acquired 

immediately after the start of use, the number of times of acquiring the detection signal DS 

until a periodic inspection is performed can be increased, as compared with a configuration in 

which the detection signal DS is not acquired immediately after the start of use and the 

detection signal DS is acquired before the wire rope W is installed at the location of use and 

after the wire rope W has been installed at the location of use. Consequently, it is possible to 

grasp the time when the deterioration state of the wire rope W has changed in more detail. 

Also, since the detection signal DS is acquired immediately after the start of use, for example, 
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when used for an elevator E, by comparing with the deterioration state of the wire rope W 

before the start of use, it is possible to predict, for example, the breakage of the wire rope W 

due to the partial elongation of the wire rope W that occurs when the elevator E moves 

frequently between certain floors. 

[0116]     In the first embodiment, as described above, the magnetic body MM is a wire 

rope W. Thus, it is possible to provide a magnetic body management system 100 capable of 

suppressing the deterioration of the accuracy of the status determination of the wire rope W. 

[0117]     In the first embodiment, as described above, the identifier of the magnetic body 

MM includes a branch number ID for discriminating the position cut out to the predetermined 

length at the time of producing the wire rope W. As a result, it is possible to easily grasp that 

the wire rope W cut out to the predetermined length was cut at which position of the wire rope 

W before the wire rope W was cut out to the predetermined length. Therefore, even in a case 

where the wire rope W is cut out to the predetermined length and used after the production, it 

is possible to easily acquire the magnetic body information (the first magnetic body 

information 10) in the cut-out wire rope W. Consequently, the change in the deterioration state 

of the wire rope W can be easily grasped by acquiring the detection signal DS after the start of 

to use of the wire rope W cut out to a predetermined length. 

[0118]     In the first embodiment, as described above, the magnetic body management 

method includes Step S1 for acquiring the first detection signal DS1 based on the magnetic 

field of the wire rope W or the change in the magnetic field at the shipping location of the 

wire rope W, Step S2 for acquiring the second detection signal DS2 of the wire rope W at the 

location of use of the wire rope W by the same method as that of acquiring the first detection 

signal DS1, Step S3 for storing the first magnetic body information 10 in which the first 

detection signal DS1 and the identifier of of the wire rope W are linked in the in server 3, and 

Step S4 for storing the second magnetic body information 11 in which the second detection 
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signal DS2 and the identifier of the wire rope are linked in the server 3, and Step S5 for 

estimating the deterioration state of the wire rope W based on at least one of the first magnetic 

body information 10 and the second magnetic body information 11. With this, in the same 

manner as in the magnetic body management system 100, it is possible to provide a magnetic 

body management system capable of suppressing the deterioration of the quality of the 

measurement data to be accumulated and also capable of suppressing the deterioration of the 

accuracy of the status determination of the wire rope. 

[Second Embodiment] 

[0119]     Next, referring to FIG. 14, a magnetic body management system 200 according 

to a second embodiment of the present invention will be described. Unlike the first 

embodiment in which the first transmission unit 4 and the second transmission unit 5 are 

configured to be included in the first transmitter 40 and the second transmitter 41, 

respectively, in the second embodiment, the first transmission unit 4 and the second 

transmission unit 5 are configured to be included in the first transmitter 40 and the second 

transmitter 41. Note that the first transmitter 40 and the second transmitter 41 each are an 

example of the “device other than the first magnetic body inspection device 1 and the second 

magnetic body inspection device 2” recited in claims. Further note that the same 

configurations as those of the above-described first embodiment are denoted by the same 

reference numerals, and the descriptions thereof will be omitted. 

[0120]     As shown in FIG. 14, in the magnetic body management system 200 according 

to the second embodiment, the first transmission unit 4 is included in the first transmitter 40. 

Further, the second transmission unit 5 is included in the second transmitter 41. The first 

transmitter 40 and the second transmitter 41 are each connected to the server 3 via the 

network N. The first transmitter 40 and the second transmitter 41 each include, for example, a 

personal computer. 
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[0121]     In the second embodiment, the first magnetic body inspection device 1 is 

configured to transmit the first magnetic body information 10 to the server 3 via the first 

transmitter 40. The first magnetic body inspection device 1 and the first transmitter 40 may be 

connected by wire or wirelessly. Alternatively, the first magnetic body information 10 may be 

moved from the first magnetic body inspection device 1 to the first transmitter 40 by a 

portable storage medium, and the first magnetic body information 10 may be transmitted from 

the first transmitter 40 to the server 3 via the network N. 

[0122]     Further, the second magnetic body inspection device 2 is configured to transmit 

the second magnetic body information 11 to the server 3 via the second transmitter 41. The 

second magnetic body inspection device 2 and the second transmitter 41 may be connected by 

wire or wirelessly. Alternatively, the second magnetic body information 11 may be moved 

from the second magnetic body inspection device 2 to the second transmitter 41 by a portable 

storage medium, and the second magnetic body information 11 may be transmitted from the 

second transmitter 41 to the server 3 via the network N. Therefore, the second magnetic body 

inspection device 2 can be used to inspect a wire rope W of a crane provided on a ship or the 

like. 

(Effects of Second Embodiment) 

[0123]     In this second embodiment, the following effects can be obtained. 

[0124]     In the second embodiment, as described above, the first transmission unit 4 and 

the second transmission unit 5 are included in the first transmitter 40 and the second 

transmitter 41 and configured to transmit at least the first magnetic body information 10 and 

the second magnetic body information 11 to the server 3 via the network N. With this, it is not 

required to provide the information transmission function (first transmission unit 4 and second 

transmission unit 5) to the first magnetic body inspection device 1 and the second magnetic 

body inspection device 2. Further, even at a place where they cannot be connected to the 



 43 

network N, the first transmission unit 4 and the second transmission unit 5 can be used. As a 

result, the flexibility of the magnetic body management system 200 can be improved. 

[0125]     The other effects of the second embodiment are the same as those of the above-

described first embodiment. 

(Modifications) 

[0126]     It should be understood that the embodiments disclosed here are examples in all 

aspects and are not restrictive. The scope of the present invention is indicated by the appended 

claims rather than by the description of the above-described embodiments and includes all 

modifications (changes) within the meanings and the scopes equivalent to the scope of claims. 

[0127]     For example, in the above-described first and second embodiments, an example 

is shown in which the first magnetic body inspection device 1 is arranged at the production 

location of the wire rope W as the shipping location, but the present invention is not limited 

thereto. For example, it may be configured such that the first magnetic body inspection device 

1 is arranged in a warehouse or the like for storing the wire rope W after the production of the 

wire rope W and the first detection signal DS1 is acquired at the time of the shipment after a 

predetermined time has elapsed after the production. Further, it may be configured such that 

the first magnetic body inspection device 1 is arranged at a receiving department of the wire 

rope W or a processing department for performing the terminal processing of the wire rope W 

and the first detection signal DS1 is acquired at the time of the reception inspection or at the 

time of the shipment after the processing. In a case where there is a wire rope W at the 

shipping location, the first magnetic body inspection device 1 may acquire the first detection 

signal DS1 at any timing. 

[0128]     Further, in the above-described first and second embodiments, an example is 

shown in which the second magnetic body inspection device 2 is arranged to inspect the wire 

rope W installed on the elevator E, but the present invention is not limited thereto. For 
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example, the second magnetic body inspection device 2 may be arranged to inspect the wire 

rope W installed on machinery, equipment, or infrastructures to which the wire rope W has 

been installed, such as, e.g., a material handling machine such as a crane, a conveyer machine, 

a construction machine, a moving device such as a ropeway, a gondola, an amusement device, 

a dam gate, and suspension bridge. The second magnetic body inspection device 2 may be 

arranged to perform an inspection before the use (before delivery) of the machine/equipment 

or infrastructure in which the wire rope W has been installed. Further, the second magnetic 

body inspection device 2 may be arranged to perform the inspection of the wire rope W at the 

maintenance department that inspects, maintains, replaces, etc., a wire rope W during or after 

the use at the time of performing the maintenance of the machine/equipment in which the 

wire rope W has been installed. In a case where the wire rope W is present at the location of 

use, the second magnetic body inspection device 2 may acquire the second detection signal 

DS2 at any timing. 

[0129]     Further, in the first and second embodiments, an example is shown in which the 

magnetic body MM is a wire rope W, but the present invention is not limited thereto. For 

example, the magnetic body MM may be a member such as a strand WS of the wire rope W, a 

thin plate, a squared member, a cylindrical pipe, a wire, a chain, and the like. Alternatively, 

the magnetic body may be a wire rope W coated with resin, plating, or the like. Further, it 

may be a cable or the like constituting the wire rope W. 

[0130]     Further, in the first and second embodiment, when applying a magnetic field in 

advance in the extending direction of the wire rope W (X-direction), the configuration of the 

magnetic field application unit 6 may be configured as shown in FIG. 15. Specifically, as 

shown in (A) of FIG. 15, a pair of the magnet 61 and the magnet 62 may be arranged so that 

the same poles are opposed to each other. Further, the magnet 63 and the magnet 64 may be 

arranged such that the same poles are opposed to each other. Further, as shown in (B) of FIG. 
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15, the arrangement direction of the magnetic field of the magnets 61 and 62 and that of the 

magnets 63 and 64 may not be parallel (respectively, the former is arranged in the Y-direction, 

and the latter is arranged in a direction inclined by an angle θ with respect to the Y-direction). 

Further, as shown in (C) of FIG. 15, it may be configured such that the magnets 61 and 62 (or, 

the magnet 63 and the magnet 64d) are arranged only on one side of the detection unit 7. 

Further, in the present invention, the magnetic field application unit 6 may be a cylindrical 

permanent magnet. 

[0131]     Further, in the first and second embodiments, an example is shown in which the 

magnetic field application unit 6 is configured by a permanent magnet, but the present 

invention is not limited thereto. In the present invention, the magnetic field application unit 6 

may be constituted by an electromagnet (coil). 

[0132]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the receiving coils 71 and 72 as the differential coil 74 are 

arranged on the inner side of the excitation coil 73, but the present invention is not limited 

thereto. In the present invention, as shown in (A) of FIG. 16, the receiving coils 71 and 72 

may be arranged at the outer side of the excitation coil 73. Further, as shown in (B) of FIG. 

16, the receiving coils 71 and 72 may be arranged side by side on both sides of the excitation 

coil 73 in the X-direction (longitudinal direction) to sandwich the excitation coil 73. Further, 

as shown in (C) of FIG. 16, a single receiving coil 71 may be arranged on the inner side (or on 

the outer side) of the excitation coil 73. Further, as shown in (D) of FIG. 16, two excitation 

coils 73a and 73b may be arranged side by side on both sides of the receiving coil 71 in the X-

direction (longitudinal direction) to sandwich a single receiving coil 71. As shown in (E) of 

FIG. 16, a single excitation coil 73 and a single receiving coil 71 may be arranged side by side 

in the X-direction (longitudinal direction). Further, as shown in (F) of FIG. 16, it may be 

configured such that the receiving coils 71 and 72 (or a single receiving coil 71) are arranged 
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and the excitation coil 73 is omitted. 

[0133]     Further, in the above-described first embodiment, a configuration example is 

shown in which the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 include the first transmission unit 4 and the second transmission unit 5, 

respectively, but the present invention is not limited thereto. For example, one of the first 

magnetic body inspection device 1 and the second magnetic body inspection device 2 may be 

configured to be connected to the server 3 via the first transmitter 40 or the second transmitter 

41, as shown in the second embodiment. 

[0134]     Further, in the above-described second embodiment, a configuration example is 

shown in which the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 are connected to the server 3 via the first transmitter 40 and the second 

transmitter 41, respectively, but the present invention is not limited thereto. For example, 

either one of the first magnetic body inspection device 1 and the second magnetic body 

inspection device 2 may be configured to be connected to the server 3 without through the 

first transmitter 40 and the second transmitter 41 as shown in the first embodiment. In a case 

where the second magnetic body inspection device 2 is arranged in a moving body, such as, 

e.g., a ship, as a location of use, a configuration in which the second magnetic body 

inspection device 2 is connected to the server 3 via the second transmitter 41 is preferable. 

[0135]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which it is determined whether or not damage has occurred in the wire 

rope W by estimating the deterioration state of the wire rope W in the server 3, but the present 

invention is not limited thereto. For example, it may be configured such that it is determined 

whether or not there is damage in the wire rope W when the detection signal DS is acquired in 

the first magnetic body inspection device 1 and the second magnetic body inspection device 

2. Further, it may be configured such that the first magnetic body inspection device 1 and the 
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second magnetic body inspection device 2 perform only the determination of the presence or 

absence of damage of the wire rope W, and the server 3 determines the number of damages of 

the wire rope W and the type of each damage as a detail analysis. In a case where the server 3 

determines the type of damage of the wire rope W, it may be configured such that the server 3 

determines the type of damage occurred in the wire rope W based on the shape of the 

waveform of the differential waveform DW of the first detection signal DS1 and the second 

detection signal DS2. 

[0136]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the detection signal DS of the wire rope W is acquired at the time 

(t1) of the production by the first magnetic body inspection device 1 and then the detection 

signal DS of the wire rope W is acquired at the time (t2) of the shipment, but the present 

invention is not limited thereto. The first magnetic body inspection device 1 may be 

configured to acquire the detection signal DS of the wire rope W either at the time (t1) of the 

production or at the time (t2) of the shipment. 

[0137]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the first magnetic body inspection device 1 and the second 

magnetic body inspection device 2 transmit the transmission request of the magnetic body 

deterioration information 12 when transmitting the first magnetic body information 10 and the 

second magnetic body information 11 from the time (t2) of the shipment to the time (tn) of the 

periodic inspection, but the present invention is not limited thereto. For example, the first 

magnetic body inspection device 1 and the second magnetic body inspection device 2 may not 

transmit a request for transmitting the magnetic body deterioration information 12 at the time 

of transmitting the first magnetic body information 10 and the second magnetic body 

information 11. The request to transmit the magnetic body deterioration information 12 may 

be transmitted at any time when it is desired to acquire the magnetic body deterioration 
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information 12. 

[0138]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the differential waveform DW with the detection signal DS at the 

time of the last inspection, such as, e.g., the magnetic body deterioration information 12 

between the time (t1) of the production and the time (t2) of the shipment (t2), or the magnetic 

body deterioration information 12 between the time (t3) of the start of use and the time (t2) of 

the shipment, but the present invention is not limited thereto. The detection signal DS for 

acquiring the differential waveform DW may use the detection signal DS acquired at any 

timing. 

[0139]     Further, in the above-described first and second embodiments, an example is 

shown in which as the first magnetic body information 10, the ID of the wire rope W, the 

length of the wire rope W, the diameter of the wire rope W, the date and time when the first 

detection signal DS1 was acquired, and the first detection signal DS1 are included, but the 

present invention is not limited thereto. For example, the first magnetic body information 10 

may include, in addition to the length of the wire rope W and the diameter of the wire rope W, 

the configuration of the wire rope W (indicating how the members such as strands WS are 

twisted), the destination information, or the like. Any information relating to the wire rope W 

may be included in the first magnetic body information 10. 

[0140]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the wire rope W is periodically inspected by the second magnetic 

body inspection device 2, but the present invention is not limited thereto. For example, the 

second magnetic body inspection device 2 may be configured to inspect the wire rope W each 

time or monitor it at all times. 

[0141]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the server 3 estimates the deterioration state of the wire rope W by 
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acquiring the differential waveform DW, but the present invention is not limited thereto. The 

server 3 may be configured to estimate the deterioration state of the wire rope W without 

acquiring the differential waveform DW. For example, the server 3 may be configured to 

estimate the deterioration state of the wire rope W by using the second detection signal DS2. 

Further, it may be configured, for example, to estimate the deterioration state not from the 

differential waveform DW but from the difference in the correlation coefficient. 

[0142]     Further, in the first and second embodiments, a configuration example is shown 

in which the server 3 stores the abnormality information 13, but the present invention is not 

limited thereto. The server 3 may not be required to store the abnormality information 13. 

[0143]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the server 3 is provided with the deterioration information 

transmission unit 32, but the present invention is not limited thereto. In a case where the 

server 3 does not transmit the magnetic body deterioration information 12 to the first 

magnetic body inspection device 1 and the second magnetic body inspection device 2, it may 

not include the deterioration information transmission unit 32. 

[0144]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the server 3 is connected to the first magnetic body inspection 

device 1 and the second magnetic body inspection device 2 via the network N, but the present 

invention is not limited thereto. For example, it may be configured such that the first magnetic 

body information 10 and the second magnetic body information 11 are stored in a portable 

storage medium and may be directly stored in the storage unit 31 of the server 3. 

[0145]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the server 3 estimates the deterioration state of the wire rope W by 

the differential waveform DW, but the present invention is not limited thereto. For example, 

the server 3 may be configured to estimate the deterioration state of the wire rope W by the 
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second detection signal DS2. However, as compared with the determination by the second 

detection signal DS2, the determination by the differential waveform DW detects only the 

peak P due to the change (damage) in the deterioration state of the wire rope W, the change in 

the deterioration state of the wire rope W (damage) can be grasped at a glance. Therefore, it is 

preferable to adopt the configuration of estimating the deterioration state (damage) of the wire 

rope W by the differential waveform DW. 

[0146]     Further, in the above-described first and second embodiments, a configuration 

example is shown in which the server 3 transmits the magnetic body deterioration information 

12 in response to a transmission request from at least one of the first magnetic body 

inspection device 1 and the second magnetic body inspection device 2, but the present 

invention is not limited to this configuration. It may be configured such that information 

required for business is transmitted from the first magnetic body inspection device 1, the 

second magnetic body inspection device 2, and the server 3 in response to a transmission 

request from a terminal (such as a tablet computer, a maintenance tool such as a smartphone, 

or a personal computer) used for business by an operator at the shipping location or at the 

location of use, a maintenance manager, an owner, or an user of a machine, a device, or an 

infrastructure in which the wire rope W has been installed. 

Description of Symbols 

[0147]  

1: First magnetic body inspection device 

2: Second magnetic body inspection device 

3: Server 

4: First transmission unit 

5: Second transmission unit 

6: Magnetic field application unit 
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7: Detection unit 

10: First magnetic body information 

11: Second magnetic body information 

12: Magnetic body deterioration information 

13: Abnormality information 

32: Deterioration information transmission unit 

33: Magnetic body information acquisition unit 

40: First transmitter (a device other than the first magnetic body inspection device and 

the second magnetic body inspection device) 

41: Second transmitter (a device other than the first magnetic body inspection device and 

the second magnetic body inspection device) 

86: Output unit 

87: Deterioration information acquisition unit 

100、200; Magnetic body management system 

DS: Detection signal 

DS1: First detection signal 

DS2: Second detection signal 

MM: Magnetic body 

W: Wire rope (magnetic body) 
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CLAIMS 

 

1.    A magnetic body management system comprising: 

a first magnetic body inspection device configured to acquire a detection signal 

based on a magnetic field of a magnetic body or a change in the magnetic field before the 

magnetic body is installed at a location of use; 

a second magnetic body inspection device configured to acquire the detection signal 

of the magnetic body after the magnetic body has been installed at the location of use, the 

second magnetic body inspection device having the same method as that of the first magnetic 

body inspection device; 

 a server configured to store information of the magnetic body; 

a first transmission unit configured to transmit first magnetic body information in which the 

detection signal acquired by the first magnetic body inspection device and an identifier of the 

magnetic body are linked; and 

a second transmission unit configured to transmit second magnetic body information 

in which the detection signal acquired by the second magnetic body inspection device and the 

identifier of the magnetic body are linked, 

wherein the server is configured to estimate a deterioration state of the magnetic 

body based on at least the first magnetic body information and the second magnetic body 

information. 

 

2.    The magnetic body management system as recited in claim 1, 

wherein the server is configured to estimate the deterioration state of the magnetic 

body by acquiring a differential waveform of the first magnetic body information and the 

second magnetic body information. 
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3.    The magnetic body management system as recited in claim 1 or 2, 

wherein the server is configured to store, when estimating the deterioration state of 

the magnetic body, waveform information of the detection signal in the second magnetic body 

information when it is estimated that damage has occurred in the magnetic body as 

abnormality information. 

 

4.    The magnetic body management system as recited in claim 2, 

wherein the server further includes a deterioration information transmission unit for 

transmitting the deterioration information of the magnetic body including at least the 

differential waveform, in response to a request from at least one of the first magnetic body 

inspection device and the second magnetic body inspection device. 

 

5.    The magnetic body management system as recited in any one of claims 1 to 4, 

wherein the first transmission unit and the second transmission unit are included in 

the first magnetic body inspection device and the second magnetic body inspection device, 

respectively, or included in a device other than the first magnetic body inspection device and 

the second magnetic body inspection device and are configured to transmit at least the first 

magnetic body information and the second magnetic body information, respectively, to the 

server via a network. 

 

6.    The magnetic body management system as recited in any one of claims 1 to 3, 

wherein the first magnetic body inspection device and the second magnetic body 

inspection device each include: 

a magnetic field application unit configured to align a magnetization direction of the 
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magnetic body before performing detection of the detection signal; 

a detection unit configured to output the detection signal in which the magnetization 

direction is aligned by the magnetic field application unit; 

an output unit configured to output the detection signal; and 

a deterioration information acquisition unit configured to acquire information of the 

deterioration state of the magnetic body. 

 

7.    The magnetic body management system as recited in claim 6, 

wherein the magnetic field application unit is configured to apply a magnetic field to 

the magnetic body so that the magnetization direction of the magnetic body is aligned with 

each other at the time of inspecting the magnetic body at a shipping location and at the time of 

inspecting the magnetic body at the location of use.  

 

8.    The magnetic body management system as recited in claim 1, 

wherein the second magnetic body inspection device is configured to acquire the 

detection signal immediately after the magnetic body has been installed at the location of use, 

and 

wherein the server is configured to estimate the deterioration state of the magnetic 

body, based on the first magnetic body information and the second magnetic body information 

in which the detection signal acquired immediately after the magnetic body has been installed 

at the location of use and the identifier of the magnetic body are linked. 

 

9.    The magnetic body management system as recited in any one of claims 1 to 8, 

wherein the magnetic body is a wire rope. 
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10.    The magnetic body management system as recited in claim 9, 

wherein the identifier of the magnetic body includes an identifier for identifying a 

portion cut out to a predetermined length at the time of producing the wire rope. 

 

11.    A magnetic body management method comprising: 

a step of acquiring, at a shipping location of a magnetic body, a first detection signal 

based on a magnetic field of the magnetic body or a change in the magnetic field; 

a step of acquiring, at a location of use of the magnetic body, a second detection 

signal of the magnetic body by the same method as a method for acquiring the first detection 

signal; 

a step of storing first magnetic body information in which the first detection signal 

and an identifier of the magnetic body are linked in a server; 

a step of storing second magnetic body information in which the second detection 

signal and the identifier of the magnetic body are linked in the server; and 

a step of estimating a deterioration state of the magnetic body based on at least the 

first magnetic body information and the second magnetic body information. 

 


