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DESCRIPTION

Description

Technical Field

[0001] The present invention relates to a rail inspection system.

Background Art

[0002] A rail used in a railroad and the like is deformed as a vehicle runs, and a positional
deviation of the rail is caused. When the positional deviation of the rail is unattended, a vehicle
derailment may occur. Therefore, there is proposed a technique for providing an apparatus
which detects the positional deviation of the rail in an inspection vehicle (a railway vehicle for
inspecting a state of a route and an overhead wire).

[0003] For example, in Paragraph 0021 of PTL 1, there is described "Therefore, in a rail
position detection unit 11 according to the embodiment (that is, a two-dimensional laser
displacement meter), as illustrated in Fig. 3(a), a distance from the rail position detection unit
11 to a rail R, and a distance from the rail position detection unit 11 to a vehicle wheel 7 are
measured at the same time to detect a position (hereinafter, simply referred to as "position of
the rail") in a vehicle axial direction of the rail with respect to the vehicle wheel 7"

[0004] In addition, in Abstract of PTL 2, there is described "According to an embodiment, the
present technique is to provide a test device for testing perfectness of a material in a test
target. The test device includes an electrical conductor and a detection device. In a typical
inspection device, the electrical conductor generally extends in a linear direction, and a current
generally flows in a direction traversing a longitudinal axis of the test target. The path of the
current flowing in the electrical conductor affects a magnetic field around the test target, and
generates an overcurrent indirectly. In addition, the test device includes a detection device
which is disposed at a position away from the electrical conductor, and detects a magnetic field
generated according to the current flowing through the electrical conductor.”

Citation List

Patent Literature
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[0005]
PTL 1: JP-A-2013-246042
PTL 2: US-A-2005-0285588
PTL 3: CN 104 006 731 A

PTL 4: JP-S-5821504 A

[0006] PTL 3 describes a magnetic field that is used to induce eddy currents on both ends of a
sensor coil, such that an induction signal is generated on both ends of the sensor coil. As
mechanical displacement of the sensor coil is caused by the eddy currents acting on the
sensor coil, the mechanical displacement of the sensor coil is used to generate a direct current
voltage signal.

[0007] PTL 4 discloses a rail displacement detection system comprising a primary coil and two
secondary coils which are arranged on a truck of a measuring car. When the primary coil is
excited by an AC, the secondary coil are magnetically coupled by magnetic lines of force. Since
both secondary coils are differentially connected, the output becomes zero when the rail is
located at the central position between both coils. VWWhen the rail is displaced in the horizontal
direction, the detected signal corresponding to the amount of the displacement is outputted.

Summary of Invention

Technical Problem

[0008] However, in the technique of PTL 1, if foreign matters such as snow, ice, weeds, and
fallen leaves are attached to a rail, a laser beam is reflected on these foreign matters, and thus
a position of the rail is erroneously detected.

[0009] In addition, in the technique of PTL 2, a magnetic field generated by an overcurrent is
detected. However, a magnitude of the overcurrent is reversely proportional to a square of a
distance between a test device and a test target (rail). Therefore, an error generated by
vibration of an inspection vehicle becomes large, and a positional deviation of the rail is hardly
detected with accuracy.

[0010] The invention has been made in view of the problems, and an object thereof is to
provide a rail inspection system which can detect the positional deviation of the rail with
accuracy. Solution to Problem
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[0011] In order to solve the problems, a rail inspection system of the invention as defined in
claim 1 is provided.

Advantageous Effects of Invention

[0012] According to the rail inspection system of the invention, it is possible to detect a
positional deviation of a rail with accuracy.

Brief Description of Drawings

[0013]

[Fig. 1] Fig. 1 is a perspective view partially broken away illustrating a rail inspection system
according to a first embodiment of the invention.

[Fig. 2] Fig. 2(a) is a diagram illustrating a positional relation between a railroad rail, an
oscillation coil, and a receiver coil, and Fig. 2 (b) is a diagram illustrating another positional
relation between the railroad rail, the oscillation coil, and the receiver coil.

[Fig. 3] Fig. 3 is a diagram illustrating a level characteristic of a detection signal output from the
receiver coil.

[Fig. 4] Fig. 4 is a block diagram illustrating an entire configuration of the rail inspection system
according to the first embodiment.

[Fig. 5] Fig. 5 is a flowchart of an inspection process program in the first embodiment.

[Fig. 6] Fig. 6 is a block diagram illustrating an entire configuration of a rail inspection system
according to a second embodiment.

[Fig. 7] Fig. 7 is a top view partially broken away illustrating a detection device in the second
embodiment.

[Fig. 8] Fig. 8 is a side view partially broken away illustrating a detection device in a third
embodiment.

[Fig. 9] Fig. 9(a) is a perspective view partially broken away illustrating a sensor unit in a
modification, and Fig. 9(b) is a perspective view of a sensor unit in another modification. The
modifications as shown in Fig. 9 are not in accordance with the present invention.

Description of Embodiments
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[First Embodiment]

<Exterior Configuration of First Embodiment>

[0014] Fig. 1 is a perspective view partially broken away of a rail inspection system 1 in a first
embodiment of the invention.

[0015] The rail inspection system 1 in Fig. 1 includes a detection device 2, a processing device
3, and a cable 60 which connects the detection device 2 and the processing device 3. The rall
inspection system 1 is mounted in an inspection vehicle (not illustrated). The detection device 2
is provided at a position facing a railroad rail 100 (rail) which is an inspection target. The
processing device 3 is provided in a cabin of the inspection vehicle. Herein, a layout direction
of the railroad rail 100 is set to a "front and rear direction”, a direction horizontally
perpendicular to the layout direction is set to a "left and right direction”, and a direction
vertically perpendicular to the layout direction is set to an "upper and lower direction”.

[0016] The detection device 2 includes a chassis 20 which is formed in a hollow cuboid shape,
and a rectangular flange 25 (attaching tool) which is fixed to the upper surface of the chassis
20. Through holes 25a are formed at four corners of the flange 25. In addition, screw holes are
formed at positions facing these through holes 25a in a dolly (not illustrated) of the inspection
vehicle. Bolts (not illustrated) pass through the through holes 25a and the screw holes, and are
fastened, so that the detection device 2 is fixed at a predetermined position of the dolly. When
the railroad rail 100 is laid at a predetermined reference position, and the detection device 2 is
fixed to the predetermined position, a center line CR of the railroad rail 100 and a center line
CS of the detection device 2 coincide as in the drawing. Therefore, the flange 25 serves as a
tool to adjust the center line CR of the detection device 2 to a predetermined position.

[0017] The chassis 20 is a non-magnetic material such as glass epoxy. In the bottom surface
of the chassis 20, a sensor unit 21 (first sensor unit) of a substantially cuboid shape and an
amplification/filter unit 22 are fixed. In the center in the sensor unit 21, a receiver coil 6 (first
receiver coil) cylindrically winding a coated wire is disposed, and an oscillation coil 5A (first
oscillation coil) and an oscillation coil 5B (second oscillation coil) formed similarly to the
receiver coil 6 are disposed at an equal interval in the left and right direction of the receiver coil
6. In the oscillation coils 5A and 5B, AC voltage of a predetermined oscillation frequency f is
applied from the processing device 3 through the cable 60. Thus, the oscillation coils 5A and
5B generate AC magnetic fields peripherally. In addition, an induced voltage is generated in the
receiver coil 6 in proportion to a differentiated value of an interlinking magnetic flux.

[0018] The amplification/filter unit 22 amplifies the induced voltage of the receiver coil 6, and
performs filtering, and supplies the result to the processing device 3. The processing device 3



DK/EP 3477294 T3

detects a magnitude of a positional deviation of the railroad rail 100 based on the supplied
detection signal. Herein, the positional deviation is a value corresponding to a displacement L
(see Fig. 2(b)) of the center line CR of the railroad rail 100 and the center line CS of the
detection device 2. An inner space 26 of the chassis 20 is filled with resin (not illustrated). With
this configuration, even when vibration and impact are added to the detection device 2,
deviation is not caused in the sensor unit 21 and the like.

<Principle of Position Detection>

[0019] Next, a principle of the position detection in this embodiment will be described with
reference to Figs. 2(a) and 2(b).

[0020] Fig. 2(a) illustrates a layout of the oscillation coils 5A and 5B and the receiver coil 6
when the center line CR of the railroad rail 100 and the center line CS of the detection device 2
(see Fig. 1) are matched.

[0021] As illustrated in the drawing, the center line CS of the detection device 2 is also a center
line of the receiver coil 6. A distance in the upper and lower direction between the oscillation
coils 5A and 5B and the receiver coil 6 and the railroad rail 100 is called a sensor gap d
(distance). AC voltage having a reverse phase is applied to the oscillation coils 5A and 5B to
generate reverse magnetic fields from the oscillation coils 5A and 5B. More specifically, the
oscillation coils 5A and 5B are connected in series, and the AC voltage is applied to the series
circuit.

[0022] Magnetic fluxes ®A and ®B respectively generated by the oscillation coils 5A and 5B
are propagated through the railroad rail 100 and the air. Both magnetic fields cancel each
other in the receiver coil 6, the interlinking magnetic flux in the receiver coil 6 becomes almost
zero, and the induced voltage of the receiver coil 6 also becomes almost zero.

[0023] In addition, Fig. 2(b) illustrates a layout of the oscillation coils 5A and 5B and the
receiver coil 6 when the center line CR of the railroad rail 100 and the center line CS of the
detection device 2 (see Fig. 1) are not matched.

[0024] The magnetic field generated by the oscillation coil 5A is propagated through the air
with low magnetic permeability in a longer distance than the railroad rail 100 with high
magnetic permeability. Therefore, the magnetic flux ®B (amplitude) generated by the
oscillation coil 5B becomes relatively stronger than that magnetic flux ®A (amplitude)
generated by the oscillation coil 5A. In the receiver coil 6, a non-zero interlinking magnetic flux
is generated, and a non-zero induced voltage is generated. Therefore, the induced voltage is
measured and output as the detection signal, so that the displacement L between the center
line CR of the railroad rail 100 and the center line CS of the detection device 2 can be
measured. When a left edge position EL of the railroad rail 100 is located between the
oscillation coil 5A and the receiver coil 6 (the illustrated state), or a right edge position ER of
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the railroad rail 100 is located between the oscillation coil 5B and the receiver coil 6, a peak
amplitude of the detection signal appears.

[0025] Next, Fig. 3 illustrates levels of the detection signals output from the receiver coil 6 in
accordance with various sensor gaps d. In Fig. 3, the horizontal axis represents the
displacement L, and the vertical axis represents the level of the detection signal. Further, when
the phase of the AC voltage applied to the oscillation coils 5A and 5B and the phase of the
detection signal are matched, the value of the detection signal is set to be positive. WWhen the
both phases are reverse, the value of the detection signal is set to be negative. Further,
characteristics P20, P25, P30, P35, and P40 in the drawing are characteristics when these
sensor gaps d are 20 mm, 25 mm, 30 mm, 35 mm, and 40 mm.

[0026] These characteristics P20 to P40 all are maximized at a displacement L{ (first
displacement), and minimized at a displacement L, (second displacement). Considering the

amplitude of the induced voltage, it means that a first maximum value appears at the
displacement L4, and a second maximum value of which the phase is reversed against the first

maximum value appears at the displacement L,. In addition, characteristics P20 to P40 are

almost linear near the displacement L = 0, and the displacement L is almost proportional to the
detection signal.

<Circuit Configuration of First Embodiment>

[0027] Fig. 4 is a block diagram illustrating an entire configuration of the rail inspection system
1 according to the embodiment.

[0028] As described above, the rail inspection system 1 includes the detection device 2 and
the processing device 3.

[0029] In addition, the detection device 2 includes the sensor unit 21 and the amplification/filter
unit 22, and the sensor unit 21 includes the oscillation coils 5A and 5B and the receiver coil 6.
In addition, the processing device 3 includes an amplifying unit 31 (AC voltage source), a
digital-analog converting unit 32 (AC voltage source), an oscillating unit 33 (AC voltage
source), a wave detecting unit 34, an analog-digital converting unit 35, a memory unit 36, a
data communication unit 37, a power source 38, and an evaluation device 4 (displacement
detection unit).

[0030] The oscillating unit 33 outputs a sinusoidal digital oscillation signal of the predetermined
oscillation frequency f (for example, 20 kHz). The digital-analog converting unit 32 converts the
digital oscillation signal output by the oscillating unit 33 into analog AC voltage. The amplifying
unit 31 amplifies the AC voltage and applies the AC voltage to the oscillation coils 5A and 5B.
The oscillation coils 5A and 5B generate the reverse magnetic fields of which the phases are
reversed.
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[0031] In addition, the amplification/filter unit 22 in the detection device 2 amplifies and filters
the detection signal supplied from the receiver coil 6, and transmits the signal to the wave
detecting unit 34 of the processing device 3. Further, the "filtering" is a low-pass filtering (LPF)
in which frequency components equal to or more than the oscillation frequency f are mainly
removed. In addition, the wave detecting unit 34 performs a full-wave rectification on the
detection signal supplied from the amplification/filter unit 22 using a reference signal from the
oscillating unit 33, and supplies the signal to the analog-digital converting unit 35. The analog-
digital converting unit 35 converts the analog signal received from the wave detecting unit 34
into a digital signal. The digital signal output from the analog-digital converting unit 35 is stored
in the memory unit 36 as data, and output from the data communication unit 37 to the
evaluation device 4. The power source 38 supplies power to the respective configurations in
the rail inspection system 1.

[0032] Next, the evaluation device 4 will be described. The evaluation device 4 is a computer
device which executes an inspection process program to specify the positional deviation of the
railroad rail 100 based on the inspection data which is received from the detection device 2 or
the components 31 to 38. Further, the "inspection data" in the embodiment is assumed to
correspond to data of all stages from the receiver coil of the detection device 2 to a data input
unit 41 of the evaluation device 4. The evaluation device 4 includes the data input unit 41, a
control unit 42, a data processing unit 43, an output processing unit 44, an operation input unit
45, a display unit 46, and a storage unit 47.

[0033] The data input unit 41 receives the output signal (inspection data) of the data
communication unit 37.

[0034] The control unit 42 includes a central processing unit (CPU), a random access memory
(RAM), and a read only memory (ROM), and controls process such as data transfer and
calculation. The data processing unit 43 performs inspection based on the output signal
(inspection data) (to be described in detail later). Information such as the inspection result is
appropriately stored in the storage unit 47.

[0035] The display unit 46 is a liquid crystal display (LCD), a cathode ray tube (CRT) display,
or the like, for displaying the inspection result. The output processing unit 44 causes the
display unit 46 to display the inspection result. At that time, the output processing unit 44
performs a process of displaying the result in a format easy to visually understand using an
appropriate graph or table format. The operation input unit 45 is an information input unit such
as a keyboard and a mouse. The storage unit 47 stores data processed by the data
processing unit 43. Further, the data processing unit 43 and the output processing unit 44 are
realized by loading a program and data stored in the storage unit 47 to the control unit 42 and
performing the calculation process.

<Operation of First Embodiment>
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[0036] Fig. 5 is a flowchart of the inspection process program which is executed by the data
processing unit 43 of the evaluation device 4.

[0037] First, the data processing unit 43 acquires the inspection data from the storage unit 47
(step S1).

[0038] Next, the data processing unit 43 repeatedly performs the following steps S3 to S5 for
every predetermined duration (for example, about 0.5 ms to 100 ms) (step S2 to S6).

[0039] The data processing unit 43 performs determination on the inspection data of a
predetermined duration whether there is a detection signal deviated from a reference range
(step S3). When there is no deviated signal, it is determined as normal (step S4). When there
is a deviated signal, it is determined as abnormal (step S5).

[0040] When the processes of step S2 to S6 are performed on all the inspection data, the data
processing unit 43 displays an inspection result in the display unit 46 (step S7).

[0041] As described above, according to the rail inspection system (1) of the embodiment,
when the displacement (L) is the first displacement (L4), the first maximum value appears in

the induced voltage. When the displacement (L) is the second displacement (L,), the second

maximum value of which the phase is reversed against the first maximum value appears in the
induced voltage. Therefore, the displacement (L), that is, the positional deviation of the rail,
can be detected with accuracy.

[0042] In addition, the attaching tool (25) is provided to attach the chassis (20) to the bottom
surface of the vehicle such that the chassis (20) for storing the first sensor unit (21) and the
first sensor unit (21) are disposed at predetermined positions of the bottom surface of the
vehicle, so that the first sensor unit (21) can be mounted at an accurate position.

[0043] In addition, the AC voltage source (31, 32, 33) applies the AC voltage to generate a
reverse magnetic field with respect to the first oscillation coil (5A) and the second oscillation
coil (56B). Therefore, the induced voltage generated in the receiver coil (6) can be set to almost
zero at the reference position.

[Second Embodiment]

[0044] Next, a rail inspection system according to a second embodiment of the invention will
be described.

[0045] Fig. 6 is a block diagram illustrating an entire configuration of a rail inspection system
1a according to the embodiment. In addition, Fig. 7 is a top view partially broken away
illustrating a detection device 2a according to the embodiment. Further, in Figs. 6 and 7, the
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portions corresponding to the respective portions of Figs. 1 to 5 will have the same symbol,
and the description thereof may be omitted.

[0046] In Fig. 6, the rail inspection system 1a includes a processing device 3a and a plurality of
detection devices 2a, and is mounted in the inspection vehicle (not illustrated) similarly to the
first embodiment. However, in Fig. 6, the inner configuration of the plurality of detection
devices 2a are surrounded by one frame. Each detection device 2a has an outer appearance
similar to that of the detection device 2 of the first embodiment (see Fig. 1). The plurality of
detection devices 2a include sensor units 21-1 to 21-N of N channels (N is a plural number).
Each of the sensor units 21-1 to 21-N is configured similarly to the sensor unit 21 of the first
embodiment (see Fig. 4).

[0047] As illustrated in Fig. 7, in one detection device 2a, the sensor units 21-1 (first sensor
unit) and 21-2 (second sensor unit) of two channels are disposed along the front and rear
direction. Therefore, if two detection devices 2a are mounted in the inspection vehicle, the
number (N) of channels becomes "4". The sensor units 21-1 and 21-2 include receiver coils 6-
1 (first receiver coil) and 6-2 (second receiver coil) disposed at each center in the left and right
direction, oscillation coils 5A-1 (first oscillation coil) and 5A-2 (third oscillation coil) disposed on
left sides thereof, and oscillation coils 5B-1 (second oscillation coil) and 5B-2 (fourth oscillation
coil) disposed on right sides of the receiver coils 6-1 and 6-2.

[0048] In addition, a gap L4 between the coils (for example, the oscillation coils 5B-1 and 5B-2)
which are adjacent in the front and rear direction is set to be larger than a diameter L3 of each

coil. The reason is to prevent crosstalk between the sensor units 21-1 and 21-2. In Fig. 7, the
oscillation coils 5A-1 and 5B-2 which face obliquely generate the same phase of magnetic field.
The oscillation coils 5A-2 and 5B-1 generate a reverse magnetic field of which the phase is
reversed against that of the oscillation coils 5A-1 and 5B-2. For example, as illustrated in the
drawing, the oscillation coils 5A-2 and 5B-1 generate a downward magnetic field at timing
when the oscillation coils 5A-1 and 5B-2 generate an upward magnetic field. The detection
signal output from the receiver coils 6-1 and 6-2 becomes ideally a signal which has the same
amplitude and the reverse phase.

[0049] Returning to Fig. 6, N amplifying units 31-1 to 31-N (AC voltage source) provided in the
processing device 3a, amplify the analog AC voltage output from the digital-analog converting
unit 32, and apply the AC voltage to the oscillation coils 5A and 5B of the corresponding sensor
units 21-1 to 21-N. In addition, N amplification/filter units 22-1 to 22-N amplify and filter the
detection signal supplied from the corresponding receiver coil 6, and then transmit the signal to
corresponding wave detecting units 34-1 to 34-N in the processing device 3a.

[0050] In addition, the wave detecting units 34-1 to 34-N perform the full-wave rectification on
the detection signal of N channels supplied from the amplification/filter units 22-1 to 22-N using
the reference signal from the oscillating unit 33, and supply the signal to the analog-digital
converting unit 35. The analog-digital converting unit 35 converts the analog signals of N
channels into digital signals. The digital signal output from the analog-digital converting unit 35
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is stored in the memory unit 36 as data, and output from the data communication unit 37 to the
evaluation device 4.

[0051] The configuration of the evaluation device 4 is also similar to that of the first
embodiment (see Fig. 4), but the operation of the data processing unit 43 in the embodiment is
slightly different from that of the first embodiment. In other words, the data processing unit 43
of the embodiment obtains a difference between the detection signals (for example, the
detection signals output from the receiver coils 6-1 and 6-2 in Fig. 7) output from the same
detection device 2a, and determines whether there is an abnormality considering the
calculation result as the detection signal in the detection device 2a (step S3 of Fig. 5).

[0052] As described above, according to the embodiment, the amplitude of the detection signal
can be made about two times the amplitude of the detection signal in the first embodiment, and
an S/N ratio can be made higher than that of the first embodiment. Therefore, it is possible to
determine whether there is an abnormality with further accuracy. In addition, assume a case
that a noise source is near the detection device 2a, and the magnetic flux generated by the
noise source is interlinked to the receiver coils 6-1 and 6-2. In this case, the magnetic fluxes
interlinked to the receiver coils 6-1 and 6-2 become almost the same level and the same
phase. Therefore, if a difference of the detection signals of both magnetic fields is obtained,
the noise component contained in the detection signals can be removed. In this way, the rail
inspection system 1a of the embodiment is advantageous compared to the first embodiment in
that the S/N ratio can be made high, and the noise component can be removed.

[Third Embodiment]

[0053] Next, a rail inspection system according to a third embodiment of the invention will be
described.

[0054] The entire configuration of the rail inspection system of the third embodiment is similar
to that of the second embodiment (Fig. 6). However, a detection device 2b illustrated in Fig. 8
is applied to the embodiment instead of the detection device 2a of the second embodiment.
Further, Fig. 8 is a side view partially broken away illustrating the detection device 2b. The
portions corresponding to those of Figs. 1 to 7 will have the same symbols, and the description
thereof may be omitted.

[0055] In Fig. 8, the detection device 2b includes the chassis 20 and the flange 25, which are
similar to those of the detection device 2 of the first embodiment (see Fig. 1).

[0056] In the detection device 2b of the embodiment, the sensor units 21-1 to 21-3 of three
channels are disposed along the front and rear direction. These sensor units 21-1 to 21-3 are
each configured similarly to the sensor unit 21 of the first embodiment. However, the sensor
units 21-1, 21-2, and 21-3 are attached to different positions in the chassis 20 such that sensor
gaps d4, do, and d3 (distance) become different with respect to the railroad rail 100.
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[0057] Further, the reason for such a configuration will be described with reference to Fig. 3.
As illustrated in Fig. 3, characteristics P20 to P40 of the detection signal are different according
to the sensor gap d. Therefore, if the sensor gap d is unknown even though the value of the
detection signal is detected, the displacement L is not possible to be specified. In addition, in
Fig. 3, the detection signal is less changed with respect to the change of the displacement L as
the sensor gap d is increased.

[0058] In Fig. 8, the detection device 2b is mounted in the inspection vehicle (not illustrated)
such that the sensor gaps d¢, dp, and d3 in a stop state each become a predetermined

reference value. However, when vertical vibration occurs in the inspection vehicle, the sensor
gaps d4, dp, and d3 are deviated from the reference value. In the embodiment, the sensor units

21-1 to 21-3 of three channels output the detection signals. Then, the data processing unit 43
(see Fig. 6) calculates estimated values of the sensor gaps d4, dy, and ds based on the

phenomenon "the detection signal is less changed with respect to the change of the
displacement L as the sensor gap d is increased"”, and calculates the displacement L (see Fig.
2(b)) based on the phenomenon and the detection signals of three channels.

[0059] As described above, according to the embodiment, the displacement L is calculated
while compensating variations of the sensor gaps d¢, dp, and d3 based on the vibration.

Therefore, the variation of the detection signal caused by the vertical vibration of the detection
device 2b can be compensated, so that the displacement L can be measured with still more
accuracy.

[Modifications]

[0060] The invention is not limited to the above embodiments, and various modifications can
be made within the scope of the appended claims.

[0061] The embodiments are given as examples to describe the invention in a clearly
understandable way, and thus the invention is not necessarily limited to provide all the
configurations described above. In addition, some configurations of a certain embodiment may
be replaced with the configurations of another embodiment, and the configuration of another
embodiment may also be added to the configuration of a certain embodiment. Furthermore,
omission of some configurations of each embodiment, or additions and substitutions may be
made using other configurations. For example, possible modifications of the embodiments are
as follows.

[0062]

1. (1) In the respective embodiment, the oscillation frequency f of the oscillating unit 33 has
been described as 20 kHz, but a frequency other than 20 kHz may be selected as the
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oscillation frequency f. However, the oscillation frequency f is desirably selected from a
frequency range of 10 Hz to 100 GHz. This is because, if the frequency f is lower than
10 Hz, the sensitivity of the receiver coil 6 becomes bad, and if exceeding 100 GHz, the
impedances of the oscillation coils 5A and 5B are increased, and thus the magnetic field
weakens. In addition, the frequency f is more desirable to be selected from a range of 1
kHz to 1 GHz, and still more desirable to be selected from a range of 10 kHz to 100 kHz.

2. (2) In the respective embodiment, the oscillation coil and the receiver coil are arranged
in a direction (left and right direction) perpendicular to the layout direction (front and rear
direction) of the railroad rail 100. However, the arrangement direction of the oscillation
coil and the receiver coil is not necessary to be the direction perpendicular to the layout
direction (front and rear direction) of the railroad rail 100, but may be an intersecting
direction (for example, an obliquely intersecting direction).

3. (3) In the third embodiment, the sensor units 21-1 to 21-3 of three channels having
different sensor gaps d4, d, and d3 have been applied. However, the sensor unit is not

necessarily provided as three channels. If the sensor units 21-1 and 21-2 of two
channels having different sensor gaps dq and d» are provided, the variation of the

sensor gaps d¢ and d, caused by the vertical vibrations can be compensated.

4.(4) In the respective embodiments, each of the sensor units 21, and 21-1 to 21-N
includes two oscillation coils and one receiver coil. However, the sensor units (not
according to the present invention) may be configured as a sensor unit 21A illustrated in
Fig. 9(a). The sensor unit 21A includes one oscillation coil 5 and two receiver coils 6A
and 6B which are provided on the left and right sides of the oscillator coil. In this case, a
subtraction result of the induced voltages of the receiver coils 6A and 6B may be used
as the detection signal.

5. (5) In addition, the sensor units 21, and 21-1 to 21-N may be configured as a sensor unit
21B illustrated in Fig. 9 (b) (not according to the present invention). The sensor unit 21B
includes an iron core 7 which is formed in an approximate C shape, an oscillation coil 5C
which is wound around the iron core 7, and a receiver coil 6C which is disposed in the
middle of both ends of the iron core 7. Since the reverse magnetic fields are generated
from both ends of the iron core 7, the displacement of the railroad rail 100 can be
measured by the induced voltage of the receiver coil 6C similarly to the respective
embodiments.

6. (6) The hardware of the evaluation device 4 in the embodiment may be realized by a
general purpose computer. Therefore, a program related to the flowchart illustrated in
Fig. 5 and the like may be stored in a recording medium, and may be distributed through
a transmission path.

7. (7) The process illustrated in Fig. 5 has been described as a software process using a
program. Part or all of the process may be replaced with a hardware process using an
application specific integrated circuit (ASIC) or a field-programmable gate array (FPGA).

Reference Signs List
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1, 1a: rail inspection system

2, 2a, 2b: detection device

3, 3a: processing device

4: evaluation device (displacement detection unit)
5A: oscillation coil (first oscillation coil)

5B: oscillation coil (second oscillation coil)

5A-1: oscillation coil (first oscillation coil)

5B-1: oscillation coil (second oscillation coil)
5A-2: oscillation coil (third oscillation coil)

5B-2: oscillation coil (fourth oscillation coil)

6: receiver coil (first receiver coil)

6-1: receiver coil (first receiver coil)

6-2: receiver coil (second receiver coil)

20: chassis

21: sensor unit (first sensor unit)

21-1: sensor unit (first sensor unit)

21-2: sensor unit (second sensor unit)

22: amplification/filter unit

25: flange (attaching tool)

31, 31-1 to 31-N: amplifying unit (AC voltage source)
32: digital-analog converting unit (AC voltage source)
33: oscillating unit (AC voltage source)

100: railroad rail (rail)

DA, ®B: magnetic flux

CR: center line

DK/EP 3477294 T3
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CS: center line

EL: left edge position
ER: right edge position
L: displacement

L4: displacement (first displacement)

Lo: displacement (second displacement)
L3: diameter

L4: gap

d, d4, do, d3: sensor gap (distance)
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Patentkrav

1. Jernbaneinspektionssystem (1, 1a), omfattende:

en ferste sensorenhed (21), som er anbragt saledes, at den vender mod en
skinne (100) til et keretwj, og som omfatter mindst én modtagerspole (6, 6-1)
og mindst én oscillationsspole (5A, 5B), som er anbragt i en arrangementret-
ning, der skeerer en udleegningsretning for skinnen (100);

hvor udleegningsretningen er en for- og bagretning af skinnen (100), og arran-
gementsretningen er en retning vinkelret pa udlaegningsretningen;

en vekselstremsspaendingskilde;

0g

en forskydningsdetekteringsenhed (2, 2a, 2b), som er konfigureret til at detek-
tere en forskydning mellem skinnen (100) og den ferste sensorenhed (21) ba-
seret pa en induceret spaending fra modtagerspolen (6, 6-1),

kendetegnet ved, at

den ferste sensorenhed (21) omfatter en fgrste oscillationsspole (5A-1), en
farste modtagerspole (6-1) og en anden oscillationsspole (5B-1), som er an-
bragt langs arrangementretningen, og

vekselstremsspaendingskilden er konfigureret til at pafere vekselstremsspaen-
dingen til den ferste oscillationsspole (5A-1) og den anden oscillationsspole
(5B-1) med en omvendt fase, séledes at omvendte magnetfelter genereres fra
den ferste oscillationsspole (5A-1) og den anden oscillationsspole (5B-1),
hvor den ferste oscillationsspole (5A-1) og den anden oscillationsspole (5B-1)
er forbundet i serie, og vekselstramsspaendingskilde er konfigureret til at pa-
fare vekselstremsspeendingskilde til et seriekredslgb omfattende den farste
oscillationsspole (5A-1) og den anden oscillationsspole (5B-1), og

hvor den ferste oscillationsspole (5A-1) og den anden oscillationsspole (5B-1)
er anbragt med lige store afstande i venstre og hgjre retning af modtagerspo-
len (6), saledes at der, nar forskydningen er en ferste forskydning, genereres

et detekteringssignal, hvor en spaending med en farste maksimalveerdi indu-
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ceres, og nar forskydningen er en anden forskydning, genereres et detekte-
ringssignal, hvor en anden maksimalveerdi, hvis fase er omvendt i forhold til

den farste maksimalveaerdi, induceres.

2. Jernbaneinspektionssystem (1, 1a) ifelge krav 1, hvor
jernbaneinspektionssystemet (1, 1a) er monteret i keretojet, der karer pa skin-
nen, og

jernbaneinspektionssystemet (1, 1a) omfatter:

et chassis (20), der opbevarer den farste sensorenhed (21); og

et fastgarelsesveerktgj, der bruges til at montere chassiset (20) i en bundflade
af keretojet, saledes at den farste sensorenhed (21) er anbragt pa en forud-

bestemt position af karetgjets bundflade.

3. Jernbaneinspektionssystem (1, 1a) ifelge krav 1, der yderligere omfatter:
en anden sensorenhed (21-2), som er anbragt, sa den vender mod den farste
sensorenhed (21-1) langs udlaegningsretningen, hvor

den anden sensorenhed (21-2) omfatter en tredje oscillationsspole (5A-2),
som vender mod den ferste oscillationsspole (5A-1) langs udlzegningsretnin-
gen, en anden modtagerspole (6-2), som vender mod den f@rste modtager-
spole (6-1) langs udlaegningsretningen, og en fjerde oscillationsspole (5B-2),
som vender mod den anden oscillationsspole (5B-1) langs udleegningsretnin-
gen, og

vekselstremsspaendingskilden er konfigureret til at pafere vekselstremsspaen-
dingen pa den tredje oscillationsspole (5A-2) og den fjerde oscillationsspole
(5B-2) for at fa den tredje oscillationsspole (5A-2) til at generere et magnetfelt
i samme retning som den anden oscillationsspole (5B-1), og for at fa den fjerde
oscillationsspole (5B-2) til at generere et magnetfelt i samme retning som den

farste oscillationsspole (5A-1).
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4. Jernbaneinspektionssystem (1, 1a) ifalge krav 3, hvor
et mellemrum mellem den farste oscillationsspole (5A-1) og den tredje oscilla-

tionsspole (5A-2) er starre end diameteren af den ferste oscillationsspole (5A-

1),

5. Jernbaneinspektionssystem (1, 1a) ifelge krav 1, der yderligere omfatter:
en anden sensorenhed (21-2), som er anbragt, sa den vender mod skinnen
(100), og omfatter mindst én modtagerspole og mindst én oscillationsspole (6),
som er anbragt i en anbringelsesretning, der skeerer udlaegningsretningen,
hvor

en afstand mellem den anden sensorenhed (21-2) og skinnen (100) er leen-

gere end en afstand mellem den farste sensorenhed (21-1) og skinnen (100).
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