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[DESCRIPTION] 

[TITLE OF INVENTION] 

LOAD ESTIMATION APPARATUS, LOAD ESTIMATION METHOD, AND 

PROGRAM 

[Technical Field] 5 

[0001] 

The present invention relates to a load estimation apparatus, a load estimation 

method, and a program. 

Priority is claimed on Japanese Patent Application No. 2018-172504, filed 

September 14, 2018, the content of which is incorporated herein by reference. 10 

[Background Art] 

[0002] 

In vehicles of a new transportation system, when a bogie with tires attached 

thereto is damaged, a major accident may occur.  Accordingly, it is necessary to monitor 

bogies and to determine lifespans thereof in order to predict when the bogies will be 15 

damaged, that is, the lifespans of the bogies.  Patent Document 1 discloses a technique 

of calculating a time history response waveform of an acceleration signal in a suspension 

frame as a time history response waveform of a certain state quantity of a bogie of a 

vehicle in a guide-rail railroad using an acceleration sensor which is provided in the 

suspension frame of the bogie. 20 

[Citation List] 

[Patent Literature] 

[0003] 

[Patent Document 1] 

Japanese Patent No. 5691319 25 
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[Summary of Invention] 

[Technical Problem] 

[0004] 

In the related art, a lifespan of a bogie is measured by measuring a load which is 

applied to the bogie using a strain gauge.  However, when a load is monitored for a long 5 

time, time is required for maintenance of the strain gauge or the like, which makes 

operation difficult. 

When a load is not estimated but a lifespan is measured using only an 

acceleration, it is difficult to set a threshold value for determining at what acceleration an 

abnormality occurs. 10 

[0005] 

An objective of the invention is to provide a load estimation apparatus, a load 

estimation method, and a program that can measure a lifespan of a bogie using a simple 

method and estimate a load which is applied to the bogie using an acceleration to easily 

evaluate the soundness of a vehicle. 15 

[Solution to Problem] 

[0006] 

According to a first aspect of the invention, there is provided a load estimation 

apparatus including: an acceleration sensor attached to at least one of a bogie body 

supporting wheels or a vehicle body attached to the bogie body and configured to 20 

measure a first acceleration; and a control unit configured to estimate a load which is 

applied to the bogie body on the basis of load information which is acquired in advance 

and in which an acceleration and a load are correlated and the first acceleration. 

[0007] 

According to a second aspect of the invention, a frequency of an acceleration 25 
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which is determined on the basis of a change of the acceleration with time may be further 

correlated in the load information, and the control unit may further estimate the load 

which is applied to the bogie body on the basis of the load information and the first 

acceleration. 

[0008] 5 

According to a third aspect of the invention, information corresponding to a 

position of the acceleration sensor may be further correlated in the load information, and 

the control unit may further estimate the load which is applied to the bogie body on the 

basis of the load information and the first acceleration. 

[0009] 10 

According to a fourth aspect of the invention, a frequency of an acceleration 

which is determined on the basis of a change of the acceleration with time may be further 

correlated in the load information, and information corresponding to a position of the 

acceleration sensor may be further correlated in the load information.  When the 

position of the acceleration sensor indicates a position on the bogie body, the frequency 15 

may be less than a natural frequency fch2 where fch is a value which is determined on 

the basis of a spring constant of an air suspension connecting the vehicle body and the 

bogie body and a vehicle body mass.  When the position of the acceleration sensor 

indicates a position on the vehicle body, the frequency may be equal to or greater than 

fch2. 20 

[0010] 

According to a fifth aspect of the invention, a plurality of vehicle body masses 

may be further correlated in the load information, and the control unit may further 

acquire the vehicle body mass and further estimate the load which is applied to the bogie 

body on the basis of the load information, the first acceleration, and the vehicle body 25 
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mass. 

[0011] 

According to a sixth aspect of the invention, a plurality of positions at which a 

plurality of acceleration sensors are attached to at least one of the bogie body and the 

vehicle body may be further correlated in the load information, and the control unit may 5 

estimate the load which is applied to the bogie body on the basis of a plurality of 

accelerations which are measured by the plurality of acceleration sensors and the load 

information. 

[0012] 

According to a seventh aspect of the invention, the load estimation apparatus 10 

may further include a warning device, and the control unit may determine whether a 

lifespan of the bogie body is over on the basis of a sum of a preset limit load and the load 

which is applied to the bogie body and transmit a signal for causing the warning device 

to generate a warning when it is determined that the lifespan of the bogie body is over. 

[0013] 15 

According to an eighth aspect of the invention, the control unit of the load 

estimation apparatus may estimate the load on the basis of at least an acceleration sensor 

that is able to measure a lateral acceleration with respect to a longitudinal direction of the 

vehicle body when a load which is applied from a guide rail to the bogie body is 

estimated, and estimate the load on the basis of at least an acceleration sensor that is able 20 

to measure a vertical acceleration with respect to the longitudinal direction of the vehicle 

body when a load which is applied from a road to the bogie body is estimated. 

[0014] 

According to a ninth aspect of the invention, the load estimation apparatus may 

further include a load detecting device that is further attached to at least one of the bogie 25 
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body and the vehicle body, the load detecting device may include a load sensor that is 

configured to measure a second load which is applied to the bogie body and an 

acceleration sensor that is configured to measure a second acceleration, and the control 

unit may add the second load and the second acceleration to the load information. 

[0015] 5 

According to a tenth aspect of the invention, the acceleration sensor of the load 

estimation apparatus may be attached to at least the vehicle body, the control unit may 

correct the first acceleration when a frequency which is acquired on the basis of a change 

with time of an acceleration acquired from the first acceleration is equal to or greater than 

fch2 where a frequency fch is a value which is determined on the basis of a spring 10 

constant of an air suspension connected between the bogie body and the vehicle body and 

a mass of the vehicle body, and the control unit may estimate the load which is applied to 

the bogie body on the basis of the corrected first acceleration. 

[0016] 

According to an eleventh aspect of the invention, there is provided a load 15 

estimation method including: a step of measuring a first acceleration using an 

acceleration sensor attached to at least one of a bogie body supporting wheels or a 

vehicle body attached to the bogie body; and a step of estimating a load which is applied 

to the bogie body on the basis of load information which is acquired in advance and in 

which an acceleration and a load are correlated and the first acceleration. 20 

[0017] 

According to a twelfth aspect of the invention, there is provided a program 

causing a computer of a load estimation apparatus to perform: a step of measuring a first 

acceleration using an acceleration sensor attached to at least one of a bogie body 

supporting wheels or a vehicle body attached to the bogie body; and a step of estimating 25 
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a load which is applied to the bogie body on the basis of load information which is 

acquired in advance and in which an acceleration and a load are correlated and the first 

acceleration. 

[Advantageous Effects of Invention] 

[0018] 5 

According to any one of the aforementioned aspects, it is possible to estimate a 

load which is applied to a bogie using an acceleration sensor, to measure a lifespan of the 

bogie in a simple way, and to easily evaluate soundness of a vehicle. 

[Brief Description of Drawings] 

[0019] 10 

FIG. 1 is a diagram schematically illustrating a vehicle to which an acceleration 

sensor of a load estimation apparatus according to a first embodiment is attached. 

FIG. 2 is a side view of the vehicle to which the acceleration sensor of the load 

estimation apparatus according to the first embodiment is attached. 

FIG. 3 is a diagram illustrating a functional configuration of the load estimation 15 

apparatus according to the first embodiment. 

FIG. 4 is a diagram illustrating a relationship between an estimated value and a 

measured value of a load according to the first embodiment. 

FIG. 5 is a diagram illustrating a relationship between a frequency and an 

observation frequency according to the first embodiment. 20 

FIG. 6 is a diagram illustrating a data structure of load information according to 

the first embodiment. 

FIG. 7 is a diagram illustrating a flow of a process performed by the load 

estimation apparatus according to the first embodiment. 

FIG. 8 is a side view of a vehicle to which an acceleration sensor of a load 25 
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estimation apparatus according to a second embodiment is attached. 

FIG. 9 is a diagram illustrating a functional configuration of the load estimation 

apparatus according to the second embodiment. 

FIG. 10 is a diagram illustrating a flow of a process performed by the load 

estimation apparatus according to the second embodiment. 5 

FIG. 11 is a side view of a vehicle to which an acceleration sensor of a load 

estimation apparatus according to a third embodiment is attached. 

FIG. 12 is a diagram illustrating a functional configuration of the load 

estimation apparatus 10 according to the third embodiment. 

FIG. 13 is a diagram illustrating data structures of load information and 10 

correction information according to the third embodiment. 

FIG. 14 is a diagram illustrating a flow of a process performed by the load 

estimation apparatus according to the third embodiment. 

[Description of Embodiments] 

[0020] 15 

<First embodiment> 

Hereinafter, a load estimation apparatus 10 according to a first embodiment will 

be described with reference to FIGS. 1 to 7. 

[0021] 

(Overall configuration) 20 

FIG. 1 is a diagram schematically illustrating a vehicle 1 to which acceleration 

sensors 4A to 4G of a load estimation apparatus 10 according to the first embodiment are 

attached. 

FIG. 2 is a side view of the vehicle 1 to which the acceleration sensors 4A to 4G 

of the load estimation apparatus 10 according to the first embodiment are attached.  The 25 
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vehicle 1 includes a vehicle body 2, bogies 3A and 3B, acceleration sensors 4A to 4G, 

wheels 5, a control device 6, and an air suspension 7.  The vehicle body 2 may be a 

vehicle of a new transportation system or may be an automobile or a railroad vehicle.  

The vehicle body 2 and the bogie 3 are connected to each other with the air suspension 7 

interposed therebetween.  The air suspension 7 is to make vibration of the bogies 3A 5 

and 3B less being transmitted to the vehicle body 2, and something other than the air 

suspension may be used as long as it makes the vibration of the bogies 3A and 3B less 

being transmitted to the vehicle body 2.  The bogies 3A and 3B and the wheels 5 may 

be connected to each other via wheel shafts.  The wheels 5 may be tires formed of 

rubber or may be wheels formed of a metal for a railroad.  The acceleration sensors 4A 10 

to 4F are attached to the bogies 3A and 3B by attachment members.  The acceleration 

sensor 4G may be attached to the vehicle body 2 by an attachment member.  The 

attachment member is, for example, a member that can attach an acceleration sensor to 

the vehicle body, such as an adhesive, a double-sided adhesive tape, a magnet, or a screw. 

[0022] 15 

The acceleration sensors 4A to 4G measure accelerations at positions on the 

bogies 3A and 3B or on the vehicle body 2 to which the acceleration sensors 4A to 4G 

are attached.  For example, the acceleration sensors 4A to 4G are assumed to be 

acceleration sensors that cannot measure an acceleration in a direction perpendicular to 

an attachment surface thereof.  At this time, when it is intended to measure a 20 

longitudinal acceleration and a vertical acceleration with respect to the traveling direction 

of the vehicle 1, an acceleration sensor has only to be attached to a side surface of the 

bogies 3A and 3B or the vehicle body 2.  When it is intended to measure a lateral 

acceleration and a vertical acceleration with respect to the traveling direction of the 

vehicle 1, an acceleration sensor has only to be attached to a front surface or a rear 25 
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surface of the bogies 3A and 3B or the vehicle body 2.  When the acceleration sensors 

4A to 4G are sensors that can measure accelerations in all directions regardless of the 

attachment surface thereof, the acceleration sensors have only to be attached to any one 

of the side surfaces, the front surface, the rear surface, the top surface, and the bottom 

surface of the bogies 3A and 3B or the vehicle body 2. 5 

[0023] 

Two of the acceleration sensors 4A to 4F are attached to the side surfaces of the 

bogies 3A and 3B and one is attached to the front surface thereof.  The acceleration 

sensor 4G is attached to one side surface of the vehicle body 2.  Here, the number of 

acceleration sensors is not limited thereto and, for example, only one acceleration sensor 10 

may be attached to the side surfaces of the bogies 3A and 3B or only one acceleration 

sensor may be attached to the rear surfaces of the bogies 3A and 3B.  Alternatively, four 

acceleration sensors may be attached to each of two side surfaces of the bogies 3A and 

3B and four acceleration sensors may be attached to each of the front surface and the rear 

surface of the bogies 3A and 3B, or an arbitrary number of acceleration sensors may be 15 

attached to arbitrary positions of the bogies 3A and 3B, for example, the side surfaces, 

the front surfaces, the rear surfaces, the top surfaces, the bottom surfaces, and the insides 

of the bogies 3A and 3B.  Alternatively, an arbitrary number of acceleration sensors 

may be attached to arbitrary positions of the vehicle body 2, for example, the side 

surfaces, the front surface, the rear surface, the top surface, the bottom surface, and the 20 

inside of the vehicle body 2.  Alternatively, an arbitrary number of acceleration sensors 

may be attached to arbitrary positions of at least one of the bogies 3A and 3B and the 

vehicle body 2, for example, the side surfaces, the front surfaces, the rear surfaces, the 

top surfaces, the bottom surfaces, and the insides of the bogies 3A and 3B and the vehicle 

body 2. 25 
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[0024] 

The control device 6 may be provided inside of the vehicle body 2, may be 

provided in a vehicle body other than the vehicle body 2, or may be provided in a system 

center or the like instead of the vehicle body 2 or the vehicle. 

[0025] 5 

In the following description, the traveling direction of the vehicle 1 (the 

longitudinal direction of the vehicle body 2) is defined as a X direction and the lateral 

direction with respect to the traveling direction is defined as a Y direction.  The 

vertical direction with respect to the traveling direction is defined as a Z direction. 

[0026] 10 

(Functional configuration of load estimation apparatus) 

FIG. 3 is a diagram illustrating a functional configuration of the load estimation 

apparatus 10 according to the first embodiment. 

As illustrated in FIG. 3, the load estimation apparatus 10 includes the control 

device 6 and the acceleration sensors 4A, 4B, ….  The acceleration sensors 4A, 4B, … 15 

represent one or more acceleration sensors.  In the following description, only the 

acceleration sensor 4A is used for description for the purpose of convenience, and the 

other acceleration sensors 4B, … have the same configuration. 

The control device 6 includes a CPU 61, a warning device 62, and a storage unit 

63. 20 

The CPU 61 is a processor that performs various functions by operating in 

accordance with a prepared program and takes charge of all the operations of the load 

estimation apparatus 10.  The CPU 61 serves as a control unit 611. 

[0027] 

The acceleration sensor 4A measures an acceleration of an acceleration 25 
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measurement point P4A which is a position of the bogie 3A to which the acceleration 

sensor 4A is attached.  The acceleration sensor 4A transmits the measured acceleration 

a1 to the control unit 611. 

[0028] 

The control unit 611 acquires the acceleration a1 measured by the acceleration 5 

sensor 4A.  The control unit 611 acquires a frequency band fA corresponding to the 

acceleration measurement point P4A with reference to load information 631 which is 

stored in the storage unit 63.  The control unit 611 measures a frequency which is 

determined on the basis of a change of the acquired acceleration with time.  The control 

unit 611 determines whether the measured frequency is a frequency in the frequency 10 

band fA.  When the measured frequency is a frequency in the frequency band fA, the 

control unit 611 acquires a load FA1 corresponding to the acceleration a1 with reference 

to the load information 631.  At this time, the control unit 611 estimates a load F which 

is applied to the bogie 3A to be FA1. 

[0029] 15 

Here, measuring of the frequency for the acceleration a1 by the control unit 611 

may involve measuring a frequency on the basis of a change of an acceleration measured 

in a predetermined period immediately before and after the acceleration a1 is measured 

by the control unit 611.  The control unit 611 may measure the frequency on the basis of 

a change of an acceleration measured in a predetermined period before the acceleration 20 

a1 is measured.  The control unit 611 may measure the frequency on the basis of a 

change of an acceleration measured in a predetermined period after the acceleration a1 is 

measured.  A minimum frequency in frequency bands fA, fB, …, fG stored in the load 

information 631 is defined as fMIN.  Here, the predetermined period before and after the 

acceleration is measured, the predetermined period before the acceleration is measured, 25 
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or the predetermined period after the acceleration is measured may be a period which is 

equal to or greater than 1fMIN or may be set to an arbitrary period in which a frequency 

can be determined. 

[0030] 

With reference to the stress information 632 of the storage unit 63, the control 5 

unit 611 estimates a stress i at a desired position using the estimated load F and a 

coefficient k for estimating a stress at a position at which a stress is intended to be 

estimated on the basis of Expression 1. 

(Stress i at desired position = estimated load F  coefficient k for estimating 

stress at desired position)  …(Expression 1) 10 

Here, stress information 632 is information in which the coefficient for 

estimating a stress at a position at which a stress is intended to be evaluated is correlated 

with information of the position at which a stress is intended to be evaluated on the bogie 

3.  The stress information 632 is prepared in advance by preliminary FEM analysis or 

the like. 15 

[0031] 

The control unit 611 determines whether fatigue damage has occurred on the 

basis of the estimated stress i with reference to damage information 633 in the storage 

unit 63.  Here, the damage information 633 is information on an S-N curve which is 

calculated from the stress at the position at which a stress is intended to be evaluate and a 20 

repeat count up to the fatigue damage.  The damage information 633 is prepared in 

advance by preliminarily performing fatigue evaluation. 

Specifically, the control unit 611 determines whether fatigue damage has 

occurred using a cumulative fatigue damage rule.  In the cumulative fatigue damage 
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rule, whether fatigue damage has occurred is determined by considering a state in which 

various types of stresses occur randomly as a sum of states in which different stresses 

such as 1, 2, …, and i are independently repeated.  For example, it is assumed that 

the stresses 1, 2, …, and i are applied to a fatigue damage evaluation object by 

preliminary stress waveform analysis.  At this time, the repeat count up to breakage is 5 

read from the S-N curve and is defined as N1, N2, …, and Ni.  Here, when it is assumed 

that the stresses 1, 2, …, and i are repeatedly applied n1, n2, …, and ni times 

respectively, degrees of damage thereof can be expressed by n1/N1, n2/N2, …, and ni/Ni.  

When the sum of the degrees of damage is defined as a total degree of damage D, D is 

expressed by the following expression. 10 

D = n1/N1+n2/N2+ …+ni/Ni = ni/Ni …(Expression 2) 

[0032] 

When D<1 is satisfied, the control unit 611 determines that fatigue damage is 

not to occur and the control unit 611 performs measurement of an acceleration again.  

When D1 is satisfied, the control unit 611 determines that fatigue damage is to occur, 15 

determines that the lifespan of the bogie 3 is over, and transmits a signal for providing a 

warning to the warning device 62. 

[0033] 

When the signal is received from the control unit 611, the warning device 62 

generates a warning to inform that fatigue damage has occurred. 20 

The storage unit 63 stores the load information 631, the stress information 632, 

and the damage information 633. 

The load information 631 is referred to when the control unit 611 estimates a 

load from the accelerations acquired from the acceleration sensors 4. 
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The stress information 632 is referred to when the control unit 611 estimates a 

stress at a desired position from the estimated load. 

The damage information 633 is referred to when the control unit 611 predicts a 

lifespan from the estimated stress. 

The storage unit 63 is a large-capacity storage device (a nonvolatile memory) 5 

which is incorporated in the load estimation apparatus 10 and examples thereof include a 

hard disk drive (HDD) and a solid state drive (SSD).  The storage unit 63 is also called 

an auxiliary storage device and stores acquired information. 

[0034] 

Estimation of a load applied to the bogie 3A has been described above using the 10 

acceleration sensor 4A, but the acceleration sensor 4B, 4C, or 4G may be used.  The 

acceleration sensors 4D to 4G may be used to estimate a load applied to the bogie 3B. 

[0035] 

(Estimation of load from acceleration) 

A relationship between an acceleration and a load will be described below. 15 

FIG. 4 is a diagram illustrating a relationship between an estimated value and a 

measured value of a load in the first embodiment. 

The horizontal axis in FIG. 4 represents the time [s] and the vertical axis 

represents the load [kN].  A solid line indicates a measured value of a load which is 

measured by a load sensor at an arbitrary position of the bogie.  A dotted line indicates 20 

an estimated value of the load which is calculated by multiplying the value of the 

acceleration measured at an arbitrary position on the bogie or the vehicle body by the 

acceleration sensor by a value of a mass of the bogie.  As illustrated in FIG. 4, the 

measured value of the load measured by the load sensor and the estimated value of the 

load calculated from the value of the acceleration measured by the acceleration sensor are 25 
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correlated with each other.  Accordingly, it is possible to estimate the value of a load 

which is applied to the bogie from the value of the acceleration. 

[0036] 

(Relationship between acceleration evaluation point and frequency) 

A relationship between an acceleration evaluation point and a frequency will be 5 

described below. 

FIG. 5 is a diagram illustrating a relationship between a frequency and an 

observation frequency in the first embodiment. 

The horizontal axis in FIG. 5 represents a frequency [Hz] of a load, and the 

vertical axis represents an observation frequency.  The observation frequency indicates 10 

an observation frequency of a specific frequency occupying the total number of 

observations.  A frequency of a load, a frequency of an estimated value of the load 

estimated from an acceleration measured by the acceleration sensor 4A, and a frequency 

of an estimated value of the load estimated from the acceleration measured by the 

acceleration sensor 4B are based on shaking of the bogie 3A.  For example, when the 15 

bogie travels on a smooth concrete surface, the shaking of the bogie 3A decreases and 

thus the value of the frequency is great.  On the other hand, when the bogie travels on a 

road with obstacles such as gravel or a road with cracks or a step difference, the shaking 

of the bogie 3A does not decrease and thus the value of the frequency is small.  The 

value of the frequency can change depending on the weight of the vehicle body 2 when 20 

the vehicle body 2 is empty, when a fixed number of passengers are in the vehicle body 2, 

or when the vehicle body 2 is full. 

[0037] 

A solid line in FIG. 5 indicates a frequency distribution of the measured value of 

the load measured by the load sensor at an arbitrary acceleration evaluation point on the 25 
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bogie 3A.  A dotted line indicates a frequency distribution of the estimated value of the 

load which is calculated by multiplying the value of the acceleration measured at an 

acceleration evaluation point to which the acceleration sensor 4A is attached by the 

acceleration sensor 4A by the value of the mass of the bogie 3A.  A dashed-dotted line 

indicates a frequency distribution of the estimated value of the load calculated by 5 

multiplying the value of the acceleration measured at an acceleration evaluation point to 

which the acceleration sensor 4B is attached by the acceleration sensor 4B by the value 

of the mass of the bogie 3A. 

[0038] 

As illustrated in FIG. 5, the frequency of the measured value of the load and the 10 

frequency of the estimated value of the load estimated from the acceleration measured by 

the acceleration sensor 4A are correlated in a frequency band fA.  Accordingly, when 

the frequency of the acceleration measured by the acceleration sensor 4A is a frequency 

in the frequency band fA, the load may be estimated using the acceleration measured by 

the acceleration sensor 4A.  Similarly, the frequency of the measured value of the load 15 

and the frequency of the estimated value of the load estimated from the acceleration 

measured by the acceleration sensor 4B are correlated in a frequency band fB.  

Accordingly, when the frequency of the acceleration measured by the acceleration sensor 

4B is a frequency in the frequency band fB, the load may be estimated using the 

acceleration measured by the acceleration sensor 4B. 20 

[0039] 

However, the frequency of the measured value of the load and the frequency of 

the estimated value of the load estimated from the acceleration measured by the 

acceleration sensor 4A are not correlated outside the frequency band fA.  Accordingly, 

when the frequency of the acceleration measured by the acceleration sensor 4A is a 25 
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frequency outside the frequency band fA, the acceleration measured by the acceleration 

sensor 4A is not used to estimate the load.  Similarly, the frequency of the measured 

value of the load and the frequency of the estimated value of the load estimated from the 

acceleration measured by the acceleration sensor 4B are not correlated outside the 

frequency band fB.  Accordingly, when the frequency of the acceleration measured by 5 

the acceleration sensor 4B is a frequency outside the frequency band fB, the acceleration 

measured by the acceleration sensor 4B is not used to estimate the load. 

[0040] 

(Load information) 

The load information 631 stored in the storage unit 63 will be described below. 10 

FIG. 6 is a diagram illustrating a data structure of the load information 631 

according to the first embodiment which is stored in the storage unit 63 as a database. 

The load information 631 is information storing a relationship among an 

acceleration evaluation point, a frequency band, an acceleration and a load which are 

acquired by mechanism analysis or the like in advance.  When this relationship is 15 

constructed, an acceleration is measured by an acceleration sensor attached to an 

acceleration evaluation point at which the acceleration sensor is able to practically 

measure an acceleration on at least one of the bogie and the vehicle body and a load is 

measured by a load sensor at an arbitrary point on the bogie 3.  In this embodiment, for 

example, it is assumed that the acceleration and the load are measured at an acceleration 20 

evaluation point P4A to which the acceleration sensor 4A is attached in FIG. 2 in advance.  

Here, it is assumed that the frequency of the acceleration measured by the acceleration 

sensor 4A and the frequency of the load measured by the load sensor are correlated.  At 

this time, the acceleration measurement point P4A at which the correlation is observed, 

the frequency band fA, accelerations a1 to a3 measured by the acceleration sensor 4A, 25 
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and the loads FA1 to FA3 respectively corresponding to the accelerations a1 to a3 are 

stored in the load information 631.  Similarly, it is assumed that the acceleration and the 

load are measured at an acceleration evaluation point P4B to which the acceleration 

sensor 4B is attached in FIG. 2 in advance.  Here, it is assumed that the frequency of the 

acceleration measured by the acceleration sensor 4B and the frequency of the load 5 

measured by the load sensor are correlated.  At this time, the acceleration measurement 

point P4B at which the correlation is observed, the frequency band fB, accelerations b1 

and b2 measured by the acceleration sensors 4B, and the loads F4 and F5 respectively 

corresponding to the accelerations b1 and b2 are stored in the load information 631. 

[0041] 10 

In the aforementioned example, with respect to the acceleration evaluation point 

P4A of the acceleration sensor 4A, the load information 631 includes data in which the 

frequency corresponds to a frequency in the frequency band fA, but does not include data 

in which the frequency corresponds to a frequency in the frequency band fB.  Similarly, 

with respect to the acceleration evaluation point P4B of the acceleration sensor 4B, the 15 

load information 631 includes data in which the frequency corresponds to a frequency in 

the frequency band fB, but does not include data in which the frequency corresponds to a 

frequency in the frequency band fA. 

[0042] 

The load information 631 may be constructed for each bogie of which a load is 20 

intended to be evaluated. 

When a load applied to the bogie 3A is measured by the load sensor on the bogie 

3A, it is thought that the same load is measured at an arbitrary position on the bogie 3A.  

Accordingly, the position of the load sensor at the time of constructing the load 

information 631 may be an arbitrary position on the bogie 3A. 25 
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The relationship between the load and the accelerations at a plurality of 

measurement points may be constructed by multiple regression analysis. 

[0043] 

(Process flow in load estimation apparatus 10) 

FIG. 7 is a diagram illustrating a flow of a process performed by the load 5 

estimation apparatus 10 according to the first embodiment.  The following description 

will be made using only the acceleration sensor 4A for the purpose of convenience, but 

the other acceleration sensors 4B and the like have the same configuration. 

The flow of the process illustrated in FIG. 7 is repeatedly performed while the 

vehicle 1 is traveling. 10 

[0044] 

First, an acceleration a1 at a position to which the acceleration sensor 4A is 

attached on the bogie 3A is measured by the acceleration sensor 4A (Step S101).  The 

acceleration sensor 4A transmits the measured acceleration a1 to the control unit 611.  

The control unit 611 acquires the acceleration a1 measured by the acceleration sensor 4A.  15 

The control unit 611 acquires a frequency band fA corresponding to the acceleration 

measurement point P4A with reference to the load information 631 stored in the storage 

unit 63.  The control unit 611 measures a frequency which is determined by a change of 

the acquired acceleration a1 with time.  The control unit 611 determines whether the 

measured frequency is a frequency in the frequency band fA.  When the measured 20 

frequency is a frequency in the frequency band fA, the control unit 611 acquires a load 

FA1 corresponding to the acceleration a1 with reference to the load information 631.  At 

this time, the control unit 611 estimates the load F applied to the bogie 3A to be FA1 

(Step S102). 

[0045] 25 
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Here, measuring the frequency with respect to the acceleration a1 by the control 

unit 611 may be measuring a frequency on the basis of a change of an acceleration 

measured in a predetermined period before and after the acceleration a1 is measured by 

the control unit 611.  The control unit 611 may measure the frequency on the basis of a 

change of an acceleration measured in a predetermined period before the acceleration a1 5 

is measured.  The control unit 611 may measure the frequency on the basis of a change 

of an acceleration measured in a predetermined period after the acceleration a1 is 

measured.  A minimum frequency in frequency bands fA, fB, …, fG stored in the load 

information 631 is defined as fMIN.  Here, the predetermined period before and after the 

acceleration is measured, the predetermined period before the acceleration is measured, 10 

or the predetermined period after the acceleration is measured may be a period which is 

equal to or greater than 1fMIN or may be set to an arbitrary period in which a frequency 

can be determined. 

[0046] 

When a plurality of loads are simultaneously measured through measurement of 15 

an acceleration by a plurality of acceleration sensors, an average value of the plurality of 

loads may be determined as the load F.  Alternatively, when a plurality of loads are 

simultaneously measured through measurement of an acceleration by a plurality of 

acceleration sensors, the load F may be estimated by multiple regression analysis. 

[0047] 20 

Then, the control unit 611 determines whether a lifespan of the bogie 3 is over 

(Step S103).  That is, the control unit 611 estimates a stress i at a desired evaluation 

position from the estimated load FA1 and a coefficient for estimating a stress at the 

desired evaluation position on the basis of the above-described Expression 1 with 

reference to the stress information 632 stored in the storage unit 63.  The control unit 25 
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611 determines whether fatigue damage is to occur on the basis of the estimated stress i 

with reference to the damage information 633 stored in the storage unit 63. 

[0048] 

Specifically, the control unit 611 determines whether fatigue damage is to occur 

using a cumulative fatigue damage rule.  In the cumulative fatigue damage rule, whether 5 

fatigue damage is to occur is determined by considering a state in which various types of 

stresses occur randomly as a sum of states in which different stresses such as 1, 2, …, 

i are independently repeated.  For example, it is assumed that the stresses 1, 2, …, 

i are applied to a fatigue damage evaluation object by preliminary stress waveform 

analysis.  At this time, the repeat count up to breakage is read from the S-N curve and is 10 

defined as N1, N2, …, Ni.  Here, when it is assumed that the stresses 1, 2, …, and i 

are repeatedly applied n1, n2, …, ni times respectively, degrees of damages thereof can 

be expressed by n1/N1, n2/N2, …, ni/Ni.  When the sum of the degrees of damage is 

defined as D, D is expressed by the above-described Expression 2. 

[0049] 15 

When D<1 is satisfied (Step S103: NO), the control unit 611 determines that 

fatigue damage is not to occur and the control unit 611 performs measurement of an 

acceleration again (Step S101).  When D1 is satisfied (Step S103: YES), the control 

unit 611 determines that fatigue damage is to occur, determines that the lifespan of the 

bogie 3A is over, and transmits a signal for warning to the warning device 62.  When 20 

the signal is received from the control unit 611, the warning device 62 performs warning 

(Step S104) to inform that the lifespan of the bogie 3A is over. 

[0050] 

Process details from the process of causing the acceleration sensor to acquire an 
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acceleration to the process of causing the load estimation apparatus 10 to inform the 

lifespan of the bogie 3 have been described above. 

When a load which is applied from a guide rail to the bogie body is estimated, 

the control unit 611 may estimate the load on the basis of at least an acceleration sensor 

that is able to measure a lateral acceleration with respect to the longitudinal direction of 5 

the vehicle body.  When a load which is applied from a road to the bogie body is 

estimated, the control unit 611 may estimate the load on the basis of at least an 

acceleration sensor that is able to measure a vertical acceleration with respect to the 

longitudinal direction of the vehicle body. 

[0051] 10 

Further, the control unit 611 may compare the calculated load F and a preset 

design load and determine whether the lifespan of the bogie 3 is over only when the 

calculated load F is equal to or greater than the preset design load.  It is necessary to 

ascertain in advance that there is no affection to the lifespan when the calculated load is 

less than the design load. 15 

Estimation of a load applied to the bogie 3A has been described above, but a 

load applied to the bogie 3B may be estimated in the same way. 

[0052] 

(Operations and advantages) 

The load estimation apparatus 10 according to the first embodiment includes the 20 

acceleration sensor 4A that measures a first acceleration and that is attached to at least 

one of the body of the bogie 3A supporting the wheels 5 and the vehicle body 2 attached 

to the body of the bogie 3A and the control unit 611 that estimates a load applied to the 

body of the bogie 3A on the basis of the load information 631 in which an acceleration 

and a load are correlated and which is acquired in advance and the first acceleration. 25 
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Accordingly, the load estimation apparatus 10 according to the first embodiment 

can estimate a load which is applied to the bogie 3A using the acceleration sensor 4A, 

measure the lifespan of the bogie 3A in a simple way, and easily evaluate soundness of 

the vehicle 1. 

[0053] 5 

(Modified example of first embodiment) 

While the load estimation apparatus 10 according to the first embodiment has 

been described above in detail, the specific configuration of the load estimation apparatus 

10 is not limited to the above description and can be subjected to various modifications 

in design or the like without departing from the gist of the invention. 10 

[0054] 

(First modified example of first embodiment) 

For example, in the load estimation apparatus 10 according to the first 

embodiment, the load information 631 illustrated in FIG. 6 is information storing a 

relationship among an acceleration evaluation point, a frequency band, an acceleration 15 

and a load which are acquired in advance by mechanism analysis is stored. 

In a first modified example of the first embodiment, the load may be estimated 

from the acceleration in additional consideration of a change in vehicle body mass which 

changes depending on the number of passengers. 

Specifically, in the first modified example of the first embodiment, the weight of 20 

the vehicle body 2 is changed at the time of a test of acquiring data, and the load 

information 631 for each weight of the vehicle body 2 is preliminarily constructed in 

advance.  The control device 6 further includes a passenger mass measuring device that 

measures the weight of the vehicle body 2. 

[0055] 25 
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The control unit 611 acquires a passenger mass measured by the passenger mass 

measuring device.  The control unit 611 acquires load information 631’ corresponding 

to the acquired passenger mass from the storage unit 63.  The control unit 611 acquires 

an acceleration a1 measured by the acceleration sensor 4A.  The control unit 611 

acquires a frequency band fA corresponding to the acceleration measurement point P4A 5 

with reference to the load information 631’ stored in the storage unit 63.  The control 

unit 611 measures a frequency which is determined depending on a change of the 

acquired acceleration a1 with time.  The control unit 611 determines whether the 

measured frequency is a frequency in the frequency band fA.  When the measured 

frequency is a frequency in the frequency band fA, the control unit 611 acquires a load 10 

FA1 corresponding to the acceleration a1 with reference to the load information 631’.  

At this time, the control unit 611 estimates the load F applied to the bogie 3A to be FA1. 

Accordingly, it is possible to improve load estimation accuracy by switching a 

load estimation logic which is used depending on the passenger mass. 

[0056] 15 

(Second modified example of first embodiment) 

For example, in the load estimation apparatus 10 according to the first 

embodiment, the load information 631 illustrated in FIG. 6 is information storing a 

relationship among an acceleration evaluation point, a frequency band, an acceleration 

and a load which are acquired in advance by mechanism analysis or the like are stored. 20 

In a second modified example of the first embodiment, frequency bands fA to fF 

corresponding to the acceleration measurement points P4A to P4F on the bogie 3 in the 

load information 631 may be fA, …, fFfch2 where fch is a natural frequency which is 

determined on the basis of a spring constant of an air suspension and a vehicle body mass.  

The frequency band fG corresponding to the acceleration evaluation point P4G on the 25 
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vehicle body 2 in the load information 631 may satisfy fG<fch2. 

[0057] 

A frequency equal to or greater than fch2 is a frequency based on shaking 

which is caused by small unevenness of a road, a guide rail, or the like.  Since the 

amplitude with a frequency equal to or greater than fch2 is attenuated by the air 5 

suspension, it may be difficult to measure the acceleration of such a frequency using an 

acceleration sensor on the vehicle body 2. 

A frequency less than fch2 is a frequency based on shaking which is caused by 

large unevenness of a road or a centrifugal force when the vehicle 1 turns.  Since the 

amplitude with a frequency less than fch2 is less attenuated by the air suspension, the 10 

acceleration of such a frequency can be measured using an acceleration sensor on the 

vehicle body 2. 

Accordingly, since frequencies in the load information 631 are classified into 

frequencies which can be measured on the vehicle body 2 and frequencies which can be 

measured on the bogie 3, it is possible to improve reliability of the load information 631 15 

and to improve load estimation accuracy. 

[0058] 

As described above, information included in the load information 631 is 

classified depending on the magnitude of the natural frequency fch.  Here, the magnitude 

of the natural frequency fch may be adjusted at the time of constructing the load 20 

information 631. 

[0059] 

<Second embodiment> 

Hereinafter, a load estimation apparatus 10 according to a second embodiment 
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will be described with reference to FIGS. 8 to 10. 

[0060] 

(Overall configuration) 

FIG. 8 is a diagram schematically illustrating a vehicle to which acceleration 

sensors 4A to 4G of the load estimation apparatus 10 according to the second 5 

embodiment are attached. 

As illustrated in FIG. 8, in the load estimation apparatus 10 according to the 

second embodiment, a load detecting device 8 is attached to one side surface of the bogie 

3A in addition to the configuration according to the first embodiment.  The position to 

which the load detecting device 8 is attached is not limited to the side surface of the 10 

bogie 3A as illustrated in FIG. 8, but may be an arbitrary position of the bogies 3A and 

3B or the vehicle body 2. 

[0061] 

(Functional configuration of load estimation apparatus) 

FIG. 9 is a diagram illustrating a functional configuration of the load estimation 15 

apparatus 10 according to the second embodiment. 

As illustrated in FIG. 9, the load estimation apparatus 10 according to the 

second embodiment includes the load detecting device 8 in addition to the configuration 

according to the first embodiment.  Accordingly, the elements other than the load 

detecting device 8 in the load estimation apparatus 10 according to the second 20 

embodiment are configured and function in the same way as the elements of the load 

estimation apparatus 10 according to the first embodiment unless otherwise mentioned. 

[0062] 

The load detecting device 8 includes an acceleration sensor 81 and a load sensor 

82.  The acceleration sensor 81 has the same function as the acceleration sensors 4A to 25 
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4G in the first embodiment.  The acceleration sensor 81 measures an acceleration c1 of 

the bogie 3A which is traveling and transmits a signal indicating the acceleration c1 to 

the control unit 611.  The load sensor 82 measures a load F8 applied to the bogie 3A at 

the same time as the acceleration sensor 81 measures the acceleration, and transmits a 

signal indicating the load F8 to the control unit 611. 5 

[0063] 

In the load information 631, a frequency band f8 in which an acceleration and a 

load are correlated with respect to an acceleration measurement point P8 of the load 

detecting device 8 is stored by mechanism analysis or the like in advance. 

The control unit 611 acquires the frequency band f8 corresponding to the 10 

acceleration measurement point P8 with reference to the load information 631.  The 

control unit 611 measures the frequency of the measured acceleration c1.  The control 

unit 611 determines whether the measured frequency is a frequency in the frequency 

band f8.  When the measured frequency is a frequency in the frequency band f8, the 

control unit 611 adds the measured acceleration c1 and the load F8 to the load 15 

information 631. 

[0064] 

(Process flow in load estimation apparatus 10) 

FIG. 10 is a diagram illustrating a flow of a process performed by the load 

estimation apparatus 10 according to the second embodiment. 20 

The flow of a process in the load estimation apparatus 10 according to the 

second embodiment illustrated in FIG. 10 is different from the flow of a process in the 

load estimation apparatus 10 according to the first embodiment illustrated in FIG. 7 in 

that Steps S201 to S203 are added.  The processes other than Steps S201 to S203 in the 

load estimation apparatus 10 according to the second embodiment are the same as the 25 
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processes in the load estimation apparatus 10 according to the first embodiment and thus 

differences therebetween will be described below. 

[0065] 

First, the acceleration sensor 81 of the load detecting device 8 measures the 

acceleration c1 of the bogie 3A which is traveling (Step S201), and transmits a signal 5 

indicating the acceleration c1 to the control unit 611.  At the same time, the load sensor 

82 of the load detecting device 8 measures the load F8 applied to the bogie 3A (Step 

S202) and transmits a signal indicating the load F8 to the control unit 611.  The control 

unit 611 acquires the frequency band f8 corresponding to the acceleration measurement 

point P8 with reference to the load information 631.  The control unit 611 measures the 10 

frequency of the measured acceleration c1.  The control unit 611 determines whether the 

measured frequency is a frequency in the frequency band f8.  When the measured 

frequency is a frequency in the frequency band f8, the control unit 611 adds the measured 

acceleration c1 and the load F8 to the load information 631 (Step S203). 

[0066] 15 

Subsequent to Step S203, the processes of Steps S101 to S104 are performed for 

the acceleration sensor 4A similarly to the first embodiment, and the flow of a process 

illustrated in FIG. 10 ends. 

[0067] 

As described above, information acquired by the load detecting device 8 is 20 

added to the load information 631 and then the load estimating process is performed 

using the acceleration sensor 4A.  Here, when the vehicle 1 is traveling, information 

from the load detecting device 8 may be added to the load information 631 at any time. 

Further, the control unit 611 may compare the calculated load F and a preset 

design load and determine whether the lifespan of the bogie 3 is over only when the 25 
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calculated load F is equal to or greater than a preset design load.  It is necessary to 

ascertain in advance that there is no affection to the lifespan when the calculated load is 

less than the design load. 

Estimation of a load applied on the bogie 3A has been described above, but a 

load applied to the bogie 3B may be estimated in the same way. 5 

[0068] 

(Operates and advantages) 

In the load estimation apparatus 10 according to the second embodiment, in 

addition to the load estimation apparatus 10 according to the first embodiment, the load 

detecting device 8 is further attached to at least one of the body of the bogie 3A or the 10 

vehicle body 2, the load detecting device 8 includes the load sensor 82 that measures a 

second load applied on the body of the bogie 3A and the acceleration sensor 81 that 

measures a second acceleration, and the control unit 611 adds the second load and the 

second acceleration to the load information 631. 

Accordingly, since information on a vehicle which is actually traveling can be 15 

reflected in the load information 631, it is possible to improve load estimation accuracy. 

[0069] 

(Modified example of second embodiment) 

While the load estimation apparatus 10 according to the second embodiment has 

been described above in detail, the specific configuration of the load estimation apparatus 20 

10 is not limited to the above description and can be subjected to various modifications 

in design or the like without departing from the gist of the invention. 

[0070] 

(First modified example of second embodiment) 

For example, in the load estimation apparatus 10 according to the second 25 
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embodiment, the load information 631 is information storing a relationship among an 

acceleration evaluation point, a frequency band, an acceleration and a load which are 

acquired in advance by mechanism analysis or the like are stored. 

In a first modified example of the second embodiment, a small load which does 

not cause any problem in intensity may be excluded from the load information 631 in 5 

advance. 

Specifically, in the first modified example of the second embodiment, it is 

assumed that the load measured by the load sensor 82 has a small value which does not 

affect damage of the bogie 3A when the load information 631 is constructed by 

mechanism analysis or the like in advance.  At this time, the relationship among the 10 

acceleration evaluation point, the frequency band, the acceleration and the load are not 

stored in the load information 631. 

With this configuration, since only data corresponding to a load which affects 

damage of the bogie 3A is used in the load information 631, it is possible to shorten a 

time required to construct useful load information 631. 15 

[0071] 

<Third embodiment> 

Hereinafter, a load estimation apparatus 10 according to a third embodiment will 

be described with reference to FIGS. 11 to 14. 

[0072] 20 

(Overall configuration) 

FIG. 11 is a side view of a vehicle to which an acceleration sensor 4G of the 

load estimation apparatus 10 according to the third embodiment is attached. 

As illustrated in FIG. 11, in the load estimation apparatus 10 according to the 

third embodiment, no acceleration sensor is attached to the bogies 3A and 3B, and the 25 
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acceleration sensor 4G is provided in only the vehicle body 2.  The acceleration sensor 

4G on the vehicle body 2 may be attached to the inside of the vehicle body 2 or may be 

attached to the outside of the vehicle body 2. 

[0073] 

(Functional configuration of load estimation apparatus) 5 

FIG. 12 is a diagram illustrating a functional configuration of the load 

estimation apparatus 10 according to the third embodiment. 

As illustrated in FIG. 12, the load estimation apparatus 10 according to the third 

embodiment includes correction information 634 in addition to the configuration 

according to the first embodiment.  In the third embodiment, the storage unit 63 stores 10 

load information 631’’.  The load estimation apparatus 10 according to the third 

embodiment includes only the acceleration sensor 4G.  The acceleration sensor 4G in 

the third embodiment is configured and functions in the same way as the acceleration 

sensors 4A to 4F in the first or second embodiment.  Further, the elements other than the 

load detecting device 8 in the load estimation apparatus 10 according to the third 15 

embodiment are configured and function in the same way as the elements of the load 

estimation apparatus 10 according to the first embodiment unless otherwise mentioned. 

[0074] 

The acceleration sensor 4G measures an acceleration g1’ at a position to which 

the acceleration sensor 4G is attached on the bogie 3A.  In addition, the acceleration 20 

sensor 4G transmits the measured acceleration g1’ to the control unit 611. 

[0075] 

The control unit 611 acquires the acceleration g1’ measured by the acceleration 

sensor 4G.  The control unit 611 measures a frequency which is determined depending 

on a change of the acquired acceleration g1’ with time.  The control unit 611 determines 25 
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whether the value of the measured frequency is equal to or greater than a natural 

frequency fch2 which is determined from a spring constant of an air suspension and a 

vehicle body mass.  When it is determined that the value of the measured frequency is 

equal to or greater than fch2 (is fG1 or fG2), the control unit 611 determines in what 

frequency band the measured frequency is with reference to the correction information 5 

634.  Here, when the measured frequency is in the frequency band fG1, the control unit 

611 acquires a correction coefficient 1 corresponding to the frequency band fG1 with 

reference to the correction information 634.  The control unit 611 acquires the corrected 

acceleration g1 by multiplying the acceleration g1’ by the acquired correction coefficient 

1.  The control unit 611 acquires a load FG1 corresponding to the acceleration g1 with 10 

reference to the load information 631’’.  At this time, the control unit 611 estimates the 

load F applied to the bogie 3A to be FG1. 

[0076] 

When the value of the measured frequency is less than fch2 (is fG3), the 

control unit 611 does not correct the acquired acceleration g1’ and sets the acceleration to 15 

g5=g1’.  At this time, the control unit 611 does not refer to the correction information 

634.  Then, the control unit 611 acquires a load FG5 corresponding to the acceleration 

g5 with reference to the load information 631’’.  At this time, the control unit 611 

estimates the load F applied to the bogie 3A to be FG5. 

[0077] 20 

As described above, the operation of the control unit 611 changes depending on 

the magnitude of the natural frequency fch.  Here, the magnitude of the natural 

frequency fch may be adjusted at the time of constructing the load information 631’’ and 

the correction information 634. 
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[0078] 

(Load information and correction information) 

The load information 631’’ and the correction information 634 stored in the 

storage unit 63 will be described below. 

FIG. 13 is a diagram illustrating data structures of the load information 631’’ and 5 

the correction information 634 in the third embodiment stored in the storage unit 63 as a 

database. 

The load information 631’’ is information storing a relationship among a 

frequency band, an acceleration and a load which are acquired in advance by mechanism 

analysis or the like are stored.  When this relationship is constructed, an acceleration is 10 

measured by an acceleration sensor at an acceleration evaluation point at which the 

acceleration sensor is able to practically measure an acceleration on the vehicle body 2 

and the bogie 3.  A load is measured by a load sensor at the same position as the 

acceleration evaluation point on the bogie 3.  In this embodiment, for example, it is 

assumed that an acceleration at an acceleration evaluation point P4G on the vehicle body 15 

2 to which the acceleration sensor 4G is attached as illustrated in FIG. 11 is measured in 

advance and an acceleration and a load at a point P on the bogie 3 are measured. 

Here, it is assumed that the value of the frequency of the acceleration measured 

by the acceleration sensor 4P at the point P is equal to or greater than a natural frequency 

fch2 which is determined from a spring constant of an air suspension and a vehicle 20 

body mass.  At this time, vibration measured by the acceleration sensor 4P is attenuated 

by the air suspension and thus is less likely to be transmitted to the vehicle body 2.  

However, vibration observed on the bogie 3 is transmitted to at least the vehicle body 2, 

and the acceleration observed on the bogie 3 and the acceleration observed on the vehicle 

body 2 are correlated.  Accordingly, by preliminarily learning by what value an 25 
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acceleration g1’ acquired by the acceleration sensor 4G is multiplied to obtain an 

acceleration p1 measured by the acceleration sensor 4P, it is possible to estimate a load 

using only the acceleration sensor 4G on the vehicle body 2. 

[0079] 

In preliminary learning, for example, a relationship between the acceleration g1’ 5 

acquired by the acceleration sensor 4G and the acceleration p1 measured by the 

acceleration sensor 4P when the value of the frequency of the acceleration measured by 

the acceleration sensor 4P is equal to or greater than fch2 is obtained.  Specifically, a 

correction coefficient  (=p1g1’) is acquired.  As illustrated in FIG. 13, for 

frequencies (fG1, fG2, and the like) equal to or greater than fch2, the correction 10 

coefficients 1, 2, and the like are preliminarily acquired and are stored as the 

correction information 634. 

[0080] 

When the value of the frequency of the acceleration measured by the 

acceleration sensor 4P is less than fch2, vibration observed on the bogie 3 is 15 

transmitted almost without being attenuated by an air suspension and thus it is not 

necessary to acquire the correction coefficient in advance. 

[0081] 

In constructing the load information 631’’, similarly to construction of the load 

information 631 in the first embodiment, frequency bands fG1 to fG3 in which 20 

correlation is observed, accelerations g1 to g5 measured by the acceleration sensors 4G, 

and loads FG1 to FG5 respectively corresponding to the accelerations g1 to g5 are stored 

in the load information 631 in advance. 

[0082] 
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The load information 631’’ may be constructed for each bogie in which a load is 

intended to be evaluated. 

When a load applied to the bogie 3A is measured by a load sensor on the bogie 

3A, it is considered that the same load is measured at an arbitrary position on the bogie 

3A.  Accordingly, the position of the load sensor at the time of constructing the load 5 

information 631 may be an arbitrary position on the bogie 3A. 

The load information 631’’ may be constructed for each bogie in advance. 

The relationship between a load and an acceleration at a measurement point and 

the relationship between a frequency and a correction coefficient may be constructed by 

multiple regression analysis. 10 

[0083] 

The load information 631’’ does not include information on a column of the 

acceleration evaluation point unlike the load information 631 according to the first 

embodiment.  This is because the acceleration sensor in the load estimation apparatus 

10 according to the third embodiment estimates a load at only the acceleration evaluation 15 

point P4G to which the acceleration sensor 4G is attached. 

[0084] 

When acceleration sensors are attached to a plurality of acceleration evaluation 

points on the vehicle body 2 and a load is estimated, the load information 631’’ and the 

correction information 634 corresponding to each acceleration evaluation point may be 20 

constructed in advance. 

[0085] 

(Process flow in load estimation apparatus 10) 

FIG. 14 is a diagram illustrating a flow of a process performed by the load 

estimation apparatus 10 according to the third embodiment. 25 
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The flow of a process in the load estimation apparatus 10 according to the third 

embodiment illustrated in FIG. 14 is different from the flow of a process in the load 

estimation apparatus 10 according to the first embodiment illustrated in FIG. 7 in that 

Steps S301 and S302 are added.  The processes other than Steps S301 and S302 in the 

load estimation apparatus 10 according to the third embodiment are the same as the 5 

processes in the load estimation apparatus 10 according to the first embodiment and thus 

differences therebetween will be described below. 

[0086] 

As illustrated in FIG. 14, first, the process of Step S101 is performed similarly 

to the first embodiment.  In the third embodiment, the acceleration sensor 4G on the 10 

vehicle body 2 measures an acceleration g1’ at a position to which the acceleration sensor 

4G is attached on the bogie 3A (Step S101). 

Subsequently, the acceleration sensor 4G transmits the measured acceleration g1’ 

to the control unit 611.  The control unit 611 acquires the acceleration g1’ measured by 

the acceleration sensor 4G.  The control unit 611 measures a frequency which is 15 

determined depending on a change of the acquired acceleration g1’ with time. 

Subsequently, the process of S301 is performed.  That is, the control unit 611 

determines whether the value of the measured frequency is equal to or greater than a 

natural frequency fch2 which is determined from a spring constant of an air suspension 

and a vehicle body mass (Step S301). 20 

[0087] 

When the value of the measured frequency is equal to or greater than fch2 (is 

fG1 or fG2) (Step S301: YES), the control unit 611 determines in what frequency band 

the measured frequency is with reference to the correction information 634.  Here, when 

the measured frequency is in a frequency band fG1, the control unit 611 acquires a 25 
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correction coefficient 1 corresponding to the frequency band fG1 with reference to the 

correction information 634. 

Then, the control unit 611 acquires the corrected acceleration g1 by multiplying 

the acceleration g1’ by the acquired correction coefficient 1 (Step S302).  The control 

unit 611 acquires a load FG1 corresponding to the acceleration g1 with reference to the 5 

load information 631’’.  At this time, the control unit 611 estimates the load F applied to 

the bogie 3A to be FG1 (Step S102). 

[0088] 

When the value of the measured frequency is less than fch2 (is fG3) (Step 

S301: NO), the control unit 611 does not correct the acquired acceleration g1’ and sets 10 

the acceleration to g5=g1’.  At this time, the control unit 611 does not refer to the 

correction information 634.  Then, the control unit 611 acquires a load FG5 

corresponding to the acceleration g5 with reference to the load information 631’’.  At 

this time, the control unit 611 estimates the load F applied to the bogie 3A to be FG5 

(Step S102). 15 

[0089] 

Subsequent to Step S102, the processes of Steps S103 to S104 are performed 

similarly to the first embodiment, and the flow of a process illustrated in FIG. 14 ends. 

[0090] 

As described above, the flow of a process changes depending on the magnitude 20 

of the natural frequency fch.  Here, the magnitude of the natural frequency fch may be 

adjusted at the time of constructing the load information 631’’ and the correction 

information 634. 

Further, the control unit 611 may compare the calculated load F and a preset 

design load and determine whether the lifespan of the bogie 3 is over only when the 25 
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calculated load F is equal to or greater than a preset design load.  It is necessary to 

ascertain in advance that there is no affection to the lifespan when the calculated load is 

less than the design load. 

Estimation of a load applied on the bogie 3A has been described above, but a 

load applied to the bogie 3B may be estimated in the same way. 5 

[0091] 

(Operates and advantages) 

In the load estimation apparatus 10 according to the third embodiment, the 

acceleration sensor G according to the first embodiment is attached to only the vehicle 

body, and when the frequency acquired on the basis of a change with time of the 10 

acceleration acquired from the first acceleration is equal to or greater than f2 where 

the frequency f is determined from a spring constant of an air suspension 7 disposed 

between the body of the bogie 3A and the vehicle body 2 and a mass of the vehicle body 

2, the control unit 611 corrects the first acceleration and estimates the load applied to the 

body of the bogie 3A on the basis of only the corrected first acceleration. 15 

Accordingly, even when it is difficult to attach an acceleration sensor to a bogie, 

the acceleration sensor can be attached to a vehicle body and thus it is possible to easily 

estimate a load. 

[0092] 

(Modified example of third embodiment) 20 

While the load estimation apparatus 10 according to the third embodiment has 

been described above in detail, the specific configuration of the load estimation apparatus 

10 is not limited to the above description and can be subjected to various modifications 

in design or the like without departing from the gist of the invention. 

[0093] 25 
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While some embodiments of the invention have been described above, these 

embodiments are presented as an example and are not intended to limit the scope of the 

invention.  These embodiments can be modified in various other forms and can be 

subjected to various omissions, substitutions, and changes without departing from the 

gist of the invention.  The embodiments and the modifications thereof belong to the 5 

scope or gist of the invention and also similarly belong to the configurations described in 

the appended claims and a scope equivalent thereto. 

[0094] 

The processes which are performed by the CPU 61 are stored in the form of a 

program in a computer-readable recording medium, and the processes are realized by 10 

causing the CPU 61 to read and execute the program.  Examples of the 

computer-readable recording medium include a magnetic disk, a magneto-optical disc, a 

CD-ROM, a DVD-ROM, and a semiconductor memory.  The computer program may be 

transmitted to a computer via a communication line and the computer (the CPU 61) 

having received the program may execute the program. 15 

[0095] 

The program may be provided for realizing some of the above-mentioned 

functions.  The program may be a program which can be realized in combination with a 

program which is recorded in a computer system in advance, that is, a so-called 

differential file (a differential program). 20 

The computer (the CPU 61) may be constituted by a single computer or may be 

constituted by a plurality of computers which are communicatively connected to each 

other. 

[0096] 

The elements of the aforementioned embodiments can be appropriately replaced 25 
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with known elements without departing from the gist of the invention.  The technical 

scope of the invention is not limited to the aforementioned embodiments and can be 

modified in various forms without departing from the gist of the invention. 

[Industrial Applicability] 

[0097] 5 

According to the aspects of the invention, it is possible to estimate a load which 

is applied to a bogie using an acceleration sensor, to measure a lifespan of the bogie in a 

simple way, and to easily evaluate soundness of a vehicle. 

[Reference Signs List] 

[0088] 10 

1 Vehicle 

2 Vehicle body 

3A, 3B Bogie 

4A, …, 4G Acceleration sensor 

5 Wheel 15 

6 Control device 

7 Air suspension 

8 Load detecting device 

81 Acceleration sensor 

82 Load sensor 20 

10 Load estimation apparatus 

61 CPU 

611 control unit 

62 Warning device 

63 Storage unit 25 
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631 Load information 

631’ Load information 

631’’ Load information 

632 Stress information 

633 Damage information 5 

634 Correction information 
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 [CLAIMS] 

[Claim 1] 

 A load estimation apparatus comprising: 

 an acceleration sensor attached to at least one of a bogie body supporting wheels or a 

vehicle body attached to the bogie body and configured to measure a first acceleration; and 

 a control unit configured to estimate a load which is applied to the bogie body on the 

basis of load information which is acquired in advance and in which an acceleration and a 

load are correlated and the first acceleration, 

 wherein information corresponding to a position of the acceleration sensor and a 

frequency band of an acceleration which is determined on the basis of a change of the 

acceleration with time are further correlated in the load information, and 

 wherein the control unit is configured to further estimate the load which is applied to 

the bogie body on the basis of the load information and the first acceleration. 

[Claim 2] 

 The load estimation apparatus according to claim 1, 

 wherein a frequency band of an acceleration which is determined on the basis of a 

change of the acceleration with time is further correlated in the load information, 

 wherein information corresponding to a position of the acceleration sensor is further 

correlated in the load information, 

 wherein, when the position of the acceleration sensor indicates a position on the bogie 

body, the frequency band is less than a natural frequency fch×√2 where fch is a value which is 

determined on the basis of a spring constant of an air suspension connecting the vehicle body 

and the bogie body and a vehicle body mass, and 

 wherein, when the position of the acceleration sensor indicates a position on the 

vehicle body, the frequency band is equal to or greater than fch×√2. 

[Claim 3] 

 The load estimation apparatus according to claim 1 or 2,  

 wherein a plurality of vehicle body masses are further correlated in the load 

information, and 

 wherein the control unit is configured to further acquire the vehicle body mass and is 

configured to further estimate the load which is applied to the bogie body on the basis of the 

load information, the first acceleration, and the vehicle body mass. 

[Claim 4] 

 The load estimation apparatus according to any one of claims 1 to 3, 

 wherein a plurality of positions at which a plurality of acceleration sensors are 

attached to at least one of the bogie body and the vehicle body are further correlated in the 

load information, and 
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 wherein the control unit is configured to estimate the load which is applied to the 

bogie body on the basis of a plurality of accelerations which are measured by the plurality of 

acceleration sensors and the load information. 

[Claim 5] 

 The load estimation apparatus according to any one of claims 1 to 4, further 

comprising a warning device, 

 wherein the control unit is configured to determine whether a lifespan of the bogie 

body is over on the basis of a sum of a preset limit load and the load which is applied to the 

bogie body, and 

 wherein the control unit is configured to transmit a signal for causing the warning 

device to generate a warning when it is determined that the lifespan of the bogie body is over. 

[Claim 6] 

 The load estimation apparatus according to any one of claims 1 to 5, 

 wherein the control unit is configured to estimate the load on the basis of at least an 

acceleration sensor that is able to measure a lateral acceleration with respect to a longitudinal 

direction of the vehicle body when a load which is applied from a guide rail to the bogie body 

is estimated, and 

 wherein the control unit is configured to estimate the load on the basis of at least an 

acceleration sensor that is able to measure a vertical acceleration with respect to the 

longitudinal direction of the vehicle body when a load which is applied from a road to the 

bogie body is estimated. 

[Claim 7] 

 The load estimation apparatus according to any one of claims 1 to 6, further 

comprising a load detecting device that is further attached to at least one of the bogie body 

and the vehicle body, 

 wherein the load detecting device includes a load sensor that is configured to measure 

a second load which is applied to the bogie body and an acceleration sensor that is configured 

to measure a second acceleration, and 

 wherein the control unit adds the second load and the second acceleration to the load 

information. 

[Claim 8] 

 The load estimation apparatus according to claim 1, wherein the acceleration sensor is 

attached to only the vehicle body, 

 wherein the control unit is configured to correct the first acceleration when a 

frequency of the first acceleration which is acquired on the basis of a change with time of an 

acceleration acquired from the first acceleration is equal to or greater than fch×√2 where a 

frequency fch is a value which is determined on the basis of a spring constant of an air 
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suspension connected between the bogie body and the vehicle body and a mass of the vehicle 

body, and 

 wherein the control unit is configured to estimate the load which is applied to the 

bogie body on the basis of the corrected first acceleration. 

[Claim 9] 

 A load estimation method comprising: 

 a step of measuring a first acceleration using an acceleration sensor attached to at least 

one of a bogie body supporting wheels or a vehicle body attached to the bogie body; and 

 a step of estimating a load which is applied to the bogie body on the basis of load 

information which is acquired in advance and in which an acceleration and a load are 

correlated and the first acceleration, 

 wherein information corresponding to a position of the acceleration sensor and a 

frequency band of an acceleration which is determined on the basis of a change of the 

acceleration with time are further correlated in the load information, and 

 wherein the step of estimating further includes a step of estimating the load which is 

applied to the bogie body on the basis of the load information and the first acceleration. 

[Claim 10] 

 A program causing a computer of a load estimation apparatus to perform: 

 a step of measuring a first acceleration using an acceleration sensor attached to at least 

one of a bogie body supporting wheels or a vehicle body attached to the bogie body; and 

 a step of estimating a load which is applied to the bogie body on the basis of load 

information which is acquired in advance and in which an acceleration and a load are 

correlated and the first acceleration, 

 wherein information corresponding to a position of the acceleration sensor and a 

frequency band of an acceleration which is determined on the basis of a change of the 

acceleration with time are further correlated in the load information, and 

 wherein the step of estimating further includes a step of estimating the load which is 

applied to the bogie body on the basis of the load information and the first acceleration. 

 


