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Description 

Tit le of  Invention 

 DEFECT MEASUREMENT METHOD, DEFECT 

MEASUREMENT DEVICE, AND TESTING PROBE 

 5 

Technical Field  

[0001] 

 The present invention relates to ( i )  a method and a 

device for measuring a defect of  a member made of a magnetic 

material and ( i i i )  an inspection probe for use in measurement 10 

of the defect.  

 

Background Art  

[0002] 

 Known examples of a conventional inspection method 15 

for investigating the presence/absence of a defect in a 

magnetic member such as thinning or crack encompass ( i )  

magnetization eddy current testing (magnetization ECT (Eddy 

Current Testing) )  disclosed in Patent Literature 1 and the 

like and ( i i )  a magnetic f lux leakage (MFL) disclosed in Patent 20 

Literature 2 and the l ike.  

[0003] 

 Known examples of  a method of quantitatively  

measuring a depth or the l ike of  a defect of  a magnetic 

member encompass a submersion rotary ultrasonic thickness 25 
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measuring method (IRIS; Internal Rotary Inspection 

Systems).  

 

Citation List  

[Patent Literature]  5 

[0004] 

  [Patent Literature 1]  

 Japanese Patent No. 5169983 (Publication Date: 

November 18, 2010)  

  [Patent Literature 2]  10 

 Japanese Patent Application Publication Tokukai No. 

2004-212161 (Publication date: July 29, 2004)  

 

Summary of Invention 

 Technical Problem 15 

[0005] 

 However,  although a magnetizati on eddy current f law 

detection test and a magnetic f lux leakage al lows for 

inspection of the presence/absence of a defect, these 

methods unfortunately do not make it  possible to 20 

quantitatively measure, with accuracy, a depth or the l ike of 

the defect.  

[0006] 

 In addit ion, although a submersion rotary ultrasonic 

thickness measuring method allows for highly accurate 25 
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quantitative measurement of  a depth or the like of  a defect, 

this method unfortunately takes t ime for inspection.  

[0007] 

 The present invention has been made in view of the 

problems, and it  is an object of  the present invention to 5 

quickly carry out quantitative evaluation of a defect of  a 

magnetic member.  

 Solution to Problem 

[0008] 

 A defect measuring method in accordance with an 10 

aspect of the present invention is a method of measuring a 

defect of  a magnetic member, including the steps of:  (A) 

measuring an output from a magnetic sensor with use of  an 

inspection probe including a magnet and the magnetic sensor 

which is provided on a magnetic circuit  formed by the magnet 15 

and the magnetic member and which detects a density of  a 

magnetic f lux f lowing through the magnetic circuit;  (B) 

judging whether the defect is ( i )  a front surface defect 

occurring to a front surface of  the magnetic member, which 

front surface is a counter surface facing the inspection probe 20 

or ( i i )  a back surface defect occurring to a back surface of the 

magnetic member, which back surface is opposite the counter 

surface; and (C) quantitatively evaluating the defect of  the 

magnetic member by applying, to an output signal from the 

magnetic sensor, an evaluation algorithm which is selected 25 
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from evaluation algorithms set in advance for the respective 

ones of  the front surface defect and the back surface defect 

and which corresponds to a result of  the judging in the step 

(B).  

[0009] 5 

 A defect measuring device in accordance with an aspect 

of  the present invention is a defect measuring device which 

measures a defect of a magnetic member, including: an 

inspection probe including a magnet and a magnetic sensor 

which is provided on a magnetic circuit formed by the magnet 10 

and the magnetic member and which detects a density of  a 

magnetic f lux f lowing through the magnetic circuit; and a 

magnetic f lux resistance computing section which is capable 

of  quantitatively evaluating the defect of the magnetic 

member in accordance with an output signal from the 15 

magnetic sensor, the magnetic f lux resistance computing 

section being capable of  quantitatively evaluating the defect 

of  the magnetic member by applying , to the output signal,  an 

evaluation algorithm which is selected according to whether 

( i )  the defect is formed on a front surface of  the magnetic 20 

member, which front surface is a counter surface facing the 

inspection probe or ( i i )  the defect is formed on a back surface 

which is opposite the counter surface.  

[0010] 

 An inspection probe in accordance with an aspect of  25 
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the present invention is an inspection probe which inspects a 

defect of  a magnetic member, including: a plural ity of  

magnets provided so as to  form a Halbach array along a 

counter surface of  the inspection probe, which counter 

surface faces the magnetic member; an eddy current f law 5 

sensor provided at a center portion of the Halbach array of 

the plurality of  magnets; and a magnetic sensor which ( i )  is 

provided on a magnetic circuit formed by the magnetic 

member and a magnet that is provided at an end part of the 

Halbach array of  the plural ity of  magnets and ( i i )  detects a 10 

density of  a magnetic f lux flowing through the magnetic  

circuit.  

 Advantageous Effects of Invention  

[0011] 

 With a defect measuring method, a defect measuring 15 

device, and an inspection probe in accordance with an 

embodiment of  the present invention, it  is thus possible to 

quickly carry out a quantitative evaluation of a defect of a 

magnetic member.  

 20 

Brief  Description of Drawings  

[0012] 

 Fig. 1 is a cross-sectional view schematical ly 

i l lustrating an inspection probe for use in a thinning 

measuring device in accordance with an embodiment of  the 25 
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present invention.  

 Fig. 2 is a cross-sectional view taken along the line A-A 

shown in Fig. 1.  

 Fig. 3 is a circuit diagram i l lustrating an eddy current 

f law detecting section of the inspection probe i l lustrated in 5 

Fig. 1.  

 Fig. 4 is a block diagram il lustrating a configuration of 

a thinning judging section included in the thinning 

measuring device in accordance with the embodiment of  the 

present invention.  10 

 Fig. 5 is a view for schematical ly describing a thinning 

judging process carried out by the thinning measuring device 

in accordance with the embodiment of  the present invention.  

 Fig.  6 is a f low chart i l lustrating a f low of a process 

carried out by the thinning measuring device in accordance 15 

with the embodiment of the present invention.  

 (a)  of  Fig.  7 is a view for describing an example of  t est 

pieces having a plural ity of  pieces of outer surface thinning. 

(b) of Fig. 7 is a view for describing examples of  test pieces 

having a plurality of  pieces of inner surface thinning. (c) of 20 

Fig. 7 is a graph showing relationships between (i )  combined 

values of output signals from the respective Hall  elements, 

which combined values are obtained by measuring the test 

pieces by the magnetic f lux resistance and ( i i )  actual cross 

section deficiency ratios of  the thinning of the respective test  25 
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pieces.  

 Fig. 8 is a view for describing an example of  output 

voltage values from the Hall  elements and shape parameters 

in a case where f law detection of thinning over an entire 

surface and of local thinning is carried out by the thinning 5 

measuring device in accordance with the embodiment of  the 

present invention.  

 Fig. 9 is a graph showing Vmax and Vall which are 

calculated based on the results of the flaw detection of the 

test pieces i l lustrated in (a)  and (b)  of  Fig. 7.  10 

 Fig. 10 is a graph in which data, of  al l of pie ces of  data 

shown in Fig.  9,  which concerns the test piece having the 

outer surface thinning, is extracted.  

 Fig. 11 is a view for describing a calculating method of  

calculating a thinned range by the second calculating method 15 

by the thinning measuring dev ice in accordance with the 

embodiment of the present invention.  

 Fig. 12 is a view for describing a calculating method of  

calculating a thinned range by the second calculating method 

by the thinning measuring device in accordance with the 20 

embodiment of the  present invention.  

 Fig. 13 is a graph showing relationships between (i )  

thickness evaluated values obtained by measuring pipes 

used in actual production models by the thinning measuring 

device in accordance with the embodiment of  the present 25 
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invention and ( i i )  thickness actual values obtained by 

actually measuring the pipes used in the actual production 

models.  

 (a) of  Fig. 14 is a graph plotting output voltages from 

Hall  elements in a case where a magnetic pipe having inner 5 

surface thinning is inspected by the thinning measuring 

device in accordance with the embodiment of  the present 

invention. (b)  of  Fig.  14 is a view for describing a calculating 

method of calculating a thinned range.  

 (a) of  Fig. 15 is a graph plotting output voltages from 10 

Hall  elements in a case where a magnetic pipe having outer 

surface thinning is inspected by the thinning measuring 

device in accordance with the embodiment of  the present 

invention. (b)  of  Fig.  15 is a view for describing a calculating 

method of calculating a thinned range.  15 

 Fig. 16 is a view for describing a dif ference between a 

conventional magnetic f lux leakage and the magnetic f lux 

resistance used in an embodiment of  the present invention.  

 

Description of Embodiments  20 

[0013] 

 A magnetic member is herein a member made  of a 

magnetic material . Examples of the magnetic member 

encompass a cable, a wire, a plate -l ike member, and various 

structures, each of which is made of a magnetic material.  25 
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Examples of a defect of the magnetic member encompass a 

thinned portion (hereinaf ter referred to as "thinning") and a 

crack. "Thinning" is a phenomenon in which a thickness of  a 

member or the like is thinned by, for example, mechanical 

abrasion and/or chemical corrosion.  5 

[0014] 

 The following description will  discuss an embodiment 

of  the present invention. According to the present 

embodiment, thinning of a magnetic pipe, which serves as a 

magnetic member to be inspected, is inspected with use of  ( i )  10 

Hall elements serving as a magnetic sensor and ( i i )  an 

excitation and detection coil  serving as an eddy current f law 

sensor. However,  the present invention is not l imited to the 

present embodiment, and can be applied to more than a 

magnetic pipe and an inspection of thinning.  15 

[0015] 

 According to the present embodiment, the term 

"thinning measuring device" refers to a defect measuring 

device in accordance with an embodiment of  the present 

invention. In discussing a defect in an embodiment of the 20 

present invention, ( i )  the term "outer surface thinning" refers 

to a front surface defect occurring  to a front surface which is 

a counter surface facing an inspection probe and ( i i )  the term 

"inner surface thinning" refers to a back surface defect 

occurring to a back surface opposite the counter surface. The 25 
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term "thinned range" refers to a defect range  indicative of  a 

range of a defect along a circumference of a cross section of a 

magnetic pipe in accordance with an embodiment of  the 

present invention, which cross section is perpendicular to 

the axis of  the magnetic pipe. The term "thinning range 5 

calculating section" refers to a defect range calculating 

section which calculates the defect range. The term "thinning 

depth" refers to a depth of a defect occurring to a magnetic 

pipe in accordance with an embodiment of the present 

invention. The term "defect depth calculating section" refers 10 

to a defect depth calculating section which calculates the 

depth of the defect.  The term "thinned surface judging 

section" refers to a defect surface judging section which is 

capable of  judging, based on a result of  an eddy current test 

with use of  an eddy current f law sensor in accordance with an 15 

embodiment of the present invention, which of a front surface 

and a back surface of the magnetic member has a defect. The 

term "thinned surface judgment" refers to judging of whet her 

a defect is ( i )  a front surface defect occurring to the front 

surface of the magnetic member, which front surface is a 20 

counter surface facing the inspection probe or ( i i )  a back 

surface defect occurring to the back surface of the magnetic 

member, which back surface is opposite the counter surface.  

[0016] 

 (1-1. Configuration of inspection probe 100)  25 
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 Fig. 1 is a cross-sectional view schematical ly 

i l lustrating an inspection probe 100. Fig.  2 is a 

cross-sectional view taken along the l ine A -A shown in Fig.  1. 

[0017] 

 According to the present embodiment, a magnetic pipe 5 

is inspected by magnetization eddy current testing 

(magnetization ECT (Eddy Current Testing) )  and the Magnetic 

Flux Resistance (MFR) through inserting the inspection 

probe 100 into the magnetic pipe and moving the inspection 

probe 100 in the magnetic pipe. Examples of the magnetic 10 

pipe to be inspected encompass pipes made of magnetic 

materials such as: carbon steel;  ferrit ic stainless steel ;  and 

two-phase stainless steel  having two phases which are a 

ferrite phase and an austenite phase.  

[0018] 15 

 As i l lustrated in Fig.  1, the inspection probe 100 

includes a yoke 1, a f irst magnet 2, a second magnet 3, a 

third magnet 4, excitation and detection coi ls 5, eddy current 

control coi ls 6, guides 7 and 8, an air inlet port 9, air jett ing 

ports 10, and Hall  elements 11.  20 

[0019] 

 The yoke 1 is a hol low cyl indrical member made of a 

magnetic material . Examples of  the magnetic material of  

which the yoke 1 is made encompass high permeabili ty 

metals such as carbon steel  and low al loy steel .  25 
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[0020] 

 The f irst magnet 2, the second magnet 3, and the third 

magnet 4 are attached to an outer peripheral surface of the 

yoke 1, and are provided in this order so as to form a Halbach 

array extending in axial directions of the yoke 1.  5 

[0021] 

 Specif ically, the first magnet 2 is provided in a hollow 

cyl indrical form which is made by a single magnet or obtained 

by combining a plurality of  magnets into which a single 

magnet is divided along a circumference of the yoke 1. The 10 

first magnet 2 is mounted along an outer circumferential 

surface of a part of the yoke 1, which part is located at a 

center portion in the axial  directions of the yoke 1 ( i .e.  the 

part sandwiched between the second magnet 3 and the third 

magnet 4) . According  to the present embodiment, the first 15 

magnet 2 is provided in a hol low cyl indrical form, and is 

mounted on the yoke 1 so that an axis of  the first magnet 2 is 

identical to an axis of the yoke 1. The f irst magnet 2 is 

polarized along a direction which is substantially paral lel to 

the axial  direction of the yoke 1, so that the f irst magnet 2 is 20 

magnetized such that ( i )  one magnetic pole of  the first magnet 

2, which magnetic pole faces the second magnet 3, is an N 

pole and (i i )  the other magnetic pole,  which magnetic pole 

faces the third magnet 4, is an S pole.  Examples of  the f irst 

magnet 2 encompass high-performance permanent magnets 25 
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such as a neodymium magnet.  

[0022] 

 The second magnet 3 is mounted along an outer 

circumferential  surface of  the yoke 1, which outer 

circumferential surface is located toward axially one end with 5 

respect to the f irst magnet 2. According to the present 

embodiment, the second magnet 3 is ( i )  provided in a hol low 

cyl indrical form which is made by a single magnet or obtained 

by combining a plurality of  magnets into which a single 

magnet is divided along the circumference of the yoke 1 and 10 

(i i )  mounted on the yoke 1 so that an axis of  the second 

magnet 3 is identical to the axis of the yoke 1. The second 

magnet 3 is polarized in directions in which radii  of  the yoke 

1 extend (i .e.  polarized in directions facing a magnetic pipe 

P),  so that the second magnet 3 is magnetized such that ( i )  15 

one magnetic pole of  the second magnet 3, which magnetic 

pole faces the yoke 1, is an S pole and (i i )  t he other magnetic 

pole ( facing a magnetic pipe to be inspected) of  the second 

magnet 3 is an N pole. Examples of the second magnet 3 

encompass high-performance permanent magnets such as a 20 

neodymium magnet.  

[0023] 

 The third magnet 4 is mounted along an out er 

circumferential  surface of  the yoke 1, which outer 

circumferential  surface is located toward axially the other 25 
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end ( i .e.  located toward a side opposite from the side where 

the second magnet 3 is provided) with respect to the f irst 

magnet 2. According to  the present embodiment, the third 

magnet 4 is ( i )  provided in a hol low cylindrical form which is  

made by a single magnet or obtained by combining a plural ity 5 

of  magnets into which a single magnet is divided along the 

circumference of the yoke 1 and ( i i )  mounted on the yoke 1 so 

that an axis of  the third magnet 4 is identical to the axis of 

the yoke 1. The third magnet 4 is polarized in the directions 

in which the radii of  the yoke 1 extend (i .e.  polarized in 10 

directions facing a magnetic pipe P),  so that th e third magnet 

4 is magnetized to have magnetic poles which are opposite  

those of the second magnet 3. Specifical ly, according to the 

present embodiment, the third magnet 4 is magnetized so 

that ( i )  the magnetic pole,  which faces the yoke 1, is an N pole 15 

and ( i i )  the other magnetic pole is an S pole.  Examples of  the 

third magnet 4 encompass high-performance permanent 

magnets such as a neodymium magnet.  

[0024] 

 In a case where the f irst magnet 2 is thus mounted 20 

between the second magnet 3 and the third magne t 4 such 

that the magnetic pole facing the second magnet 3 and the 

magnetic pole facing the third magnet 4 are the N pole and 

the S pole,  respectively ( i .e.  in a case where the second 

magnet 3, the f irst magnet 2, and the third magnet 4 are 25 
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provided so as to form a Halbach array), i t  is possible to ( i )  

cause an intensity (magnetic f lux density)  of a magnetic f lux, 

which is formed by the second magnet 3 and the third magnet 

4, to be high and (i i )  cause a distribution of the magnetic f lux 

to be uniform. 5 

[0025] 

 Note that the first magnet 2, the second magnet 3, and 

the third magnet 4 are not l imited to any particular size,  

provided that these magnets can be inserted into a magnetic  

pipe to be inspected. However, the first magnet 2, the second 10 

magnet 3, and the  third magnet 4 are to have sizes so that 

magnetic f lux densities at respective end parts of  the second 

magnet 3 and the third magnet 4, which end parts are located 

at axially outer parts of the yoke 1 (i .e.  end parts further 

away from the first magnet 2),  are each preferably 1.4 T to 2.4 15 

T, and more preferably 1.5 T to 2.2 T. In a case where the 

magnetic f lux densities each fal l within the above ranges, a 

relative permeabil i ty of a magnetic pipe, which is to be 

inspected, changes l inearly in response to a change in 

magnetic f lux density. Therefore, by sett ing the magnetic f lux 20 

densit ies to each fal l within the above ranges, it  is possible to 

carry out an inspection with higher accuracy by the magnetic 

f lux resistance (MFR) described later.  

[0026] 

 The number of magnets to be provided is also not 25 
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particularly l imited. For example, it  is possible to further 

provide another magnet between the f irst magnet 2 and the 

second magnet 3 and/or between the f irst magnet 2 and the 

third magnet 4. In such a case, i t  is a lso possible to provide 

magnets so that the magnets form a Halbach array.  5 

[0027] 

 A method by which to mount the f irst magnet 2, the 

second magnet 3, and the third magnet 4 on the yoke 1 is not 

l imited to any particular one. For example, these magnets 

can be mounted on the yoke 1 with use of an adhesive or the 10 

like, or can be engaged with the yoke 1.  

[0028] 

 The excitation and detection coi ls 5 are wound along an 

outer circumferential  surface of  the first magnet 2 which is  

provided at the part of  the yoke 1 , which part is located at the 15 

center portion in the axial  directions of the yoke 1. The 

excitation and detection coils 5 are intended for an eddy 

current test in which an eddy current f law is inspected at a 

region of a magnetic pipe P, which region is magnetical ly 

saturated by the second magnet 3, the first magnet 2, and the 20 

third magnet 4 (or a region whose magnetic permeabil i ty is 

reduced enough to be sufficiently permeated with an eddy 

current) .  In an eddy current test,  a thinning signal (detection 

signal) is detected when the excitation and detection coi ls 5 

pass by a thinned portion of a magnetic pipe. A thinning 25 
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signal correlates to ( i )  an amplitude corresponding to a 

thinning amount (volume) and (i i )  a phase corresponding to a 

thinning depth. The exc itation and detection coils 5 are not 

l imited to any particular configuration, provided that a 

thinning signal can be detected. For example, the excitation 5 

and detection coi ls 5 can each be a coil  obtained by winding, 

10 times to 200 t imes, a copper wire having a wire diameter of 

0.02 mm to 1.0 mm. 

[0029] 

 The eddy current control coi ls 6 are wound so as to 10 

sandwich, in directions extending along the axis of  the yoke 

1, the excitation and detection coi ls 5 which are provided 

around the outer circumferential  surface of  the f irst magnet 

2. The eddy current control coi ls 6 excites an eddy current 

which f lows in a direction opposite a direction in which an 15 

eddy current excited by the excitation and detection coils 5 

flows. Since the eddy current control coi ls 6 are provided, an 

excess conductive range, which is excited by the excitation 

and detection coi ls 5, can be of fset by an eddy current which 

is excited by the eddy current control coi ls 6 so as to f low in 20 

the opposite direction. This makes it  possible to res trict an 

excess conductive range of an eddy current.  

[0030] 

 Note that Fig. 1 omits ( i )  conducting wires of  the 

excitation and detection coi ls 5 and the eddy current control 25 
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coi ls 6 and (i i )  drawing ports for the conducting wires.  

[0031] 

 Fig. 3 is a circuit diagram i l lustrating an eddy current 

f law detecting section of the inspection probe 100. As 

il lustrated in Fig. 3,  two excitation and detection coi ls 5 (La, 5 

Lb),  two eddy current control coi ls 6 (Lc, Ld),  and four 

variable resistors R1, R2, R3, and R4 a re connected in 

paral lel  between a power supply 13 and an eddy current f law 

detector 12. The detection coi ls La and Lb and the variable 

resistors R1 and R2 are connected to signal input terminals 10 

of the eddy current f law detector 12 so that the detection 

coi ls La and Lb and the variable resistors R1 and R2 form a 

Wheatstone bridge circuit.  

[0032] 

 An output terminal of  the eddy current f law detector 12 15 

is connected, via a conducting wire,  to an eddy current f law 

detecting section 30 described later.  

[0033] 

 An eddy current test is carried out as fol lows: First,  

respective impedances of  the excitation and detection coils 5 20 

and of the eddy current control  coils 6 at a certain test 

frequency (e.g.  100 kHz) and at a certain voltage applied (e.g.  

5 V) are measured. Then, resistances of  the variable resistors 

R1 and R2 are adjusted to the impedances thus measured. In 

so doing, a combined impedance of the excitation and 25 
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detection coi ls 5 and the variable resistors R1 and R2 in 

combination is measured, a f law detecti on is carried out 

while the resistances of  the variable resistors R3 and R4 to be 

connected to the eddy current control  coi ls 6 are changed 

around the combined impedance thus measured. Finally,  a 5 

flaw detection is carried out under a condit ion in which 

detectabili ty is good. A speed of a f law detection by the 

inspection probe 100 is set to, for example, approximately 2 

mm/sec to 50 mm/sec. In a case where a smaller amount of  

thinning needs to be accurately detected, the speed is set to 10 

approximately 2 mm/sec to 10 mm/sec.  

[0034] 

 As i l lustrated in Figs. 1 and 2, eight Hall  elements 11 

are provided at substantial ly regular intervals along the 

circumference of the yoke 1 in the vicinity of  the end part of 15 

the third magnet 4, which end part is located further a way 

from the f irst magnet 2) .  These Hall  elements 11 each supply, 

to a magnetic f lux resistance f law detecting section 40 

described later,  a voltage value (output signal)  corresponding 

to a density ( intensity) of  a magnetic f lux passing through the 20 

third magnet 4 and a magnetic pipe. Specif ically, each of the 

Hall elements 11, which is provided on a magnetic circuit 

formed by the third magnet 4 and a magnetic pipe P, ( i )  

detects a density of  a magnetic f lux f lowing through the 

magnetic circuit and then (i i )  supplies, to the magnetic f lux 25 
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resistance flaw detecting section 40, an output signal 

corresponding to the results of the detection. With use of the 

output signal from each of the Hall elements 11, the magnetic 

f lux resistance flaw detecting section 40 quantitatively 

evaluates thinning by a magnetic f lux resistance described 5 

later.  Fig.  1 omits conducting wires of  the Hall  elements 11 

and ( i i )  drawing ports for the conducting wires.  

[0035] 

 According to the present embodiment, the eight Hall 

elements 11 are provided along the circumference of the yoke 10 

1. However, the number of Hall elements 11 is not l imited to 

eight. According to the present embodiment, the Hall  

elements serve as a magnetic sensor. However,  the type of the 

magnetic sensor is not l imited to  any particular one, provided 

that it  is possible to output an output signal which 15 

corresponds to a magnetic f lux density.  In addit ion, a 

posit ion at which to the provide the Hall  elements 11 can be 

any posit ion, provided that it  is possible to measure a d ensity 

of  a magnetic f lux passing through the third magnet 4 and a 

magnetic pipe P. For example, the Hall  elements 11 can be 20 

provided so as to face the third magnet 4 with respect to the 

axis of the inspection probe 100 or with respect to a 

circumference o f the inspection probe 100. Furthermore, the 

posit ion at which to provide the Hall  elements 11 can be such 

that the hall  elements 11 are ( i )  in contact with the third 25 
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magnet 4 or ( i i )  spaced from the third magnet 4.  

[0036] 

 According to the present embodiment, a density of  a 

magnetic f lux passing through the third magnet 4 and a 

magnetic pipe P is measured by the hall  elements 11. 5 

However,  the present invention is not l imited to this 

configuration. For example, i t is possible to ( i )  provide Hall 

elements 11 on a magnetic circuit formed by the second 

magnet 3 and a magnetic pipe P and ( i i )  cause the Hall 

elements 11 to measure a density of  a magnetic f lux passing 10 

through the second magnet 3 and the magnetic pipe P. 

Alternatively,  it  is also possible to ( i )  pr ovide Hall  elements 

11 on a magnetic circuit formed by the second magnet 3 and 

a magnetic pipe P and provide other Hall  elements 11 on a 

magnetic circuit formed by the third magnet 4 and the 15 

magnetic pipe P and ( i i )  cause the Hall elements 11 and the 

other Hall elements 11 to respectively measure a density of  a 

magnetic f lux passing through the third magnet 4 and the 

magnetic pipe P and a density of  a magnetic f lux passing 

through the second magnet 3 and the magnetic pipe P.  20 

[0037] 

 The guides 7 and 8 are provided at respective axial ly 

end parts of  the inspection probe 100. The guides 7 and 8 are 

made of, for example, acetal  resin or stainless steel .  The 

guides 7 and 8 are mounted on the yoke 1 by a screw 25 
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structure.  

[0038] 

 The air inlet port 9 is provided through substantial ly 

center parts of  the yoke 1, which substantially center parts 

are located at respective axially end surfaces of the yoke 1. 5 

The plural ity of  air jett ing ports 10 are provided in the 

vicinity of the end parts of the yoke 1 so as to ( i )  b e connected 

to the air inlet port 9 and ( i i )  extend in the directions in 

which the radii of the yoke 1  extend. This causes air to be ( i )  

introduced through the air inlet port 9 which is provided 10 

through both the end surfaces of the yoke 1 and ( i i )  jetted 

from the air jett ing ports 10. In a detection of a f law of a 

magnetic pipe, i t  is di ff icult  to scan (move) and center an 

inspection probe 100 due to the inspection probe 100 being 

attached to an inner surface of  the magnetic pipe by a strong 15 

permanent magnet mounted on the inspection probe 100. 

However,  in a case where air is jetted from the air jett ing 

ports 10 in a direction substantially perpendicular to a 

counter surface of  a magnetic pipe which counter surface 

facing the inspection probe 100, i t is poss ible to reduce the 20 

attachment to the pipe so as to make it  easy to scan the 

inspection probe 100. Note that the air jett ing ports 10 has a 

pore size of , for example, approximately 2 mmφ, and 

approximately 6 to 10 of the air jetting ports 10 are to be 

provided so along the circumference of the yoke 1 as to 25 
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extend from the air inlet port 9.  

[0039] 

 (1-2. Overview of Magnetic Flux Resistance)  

 Fig. 16 is a view for describing a dif ference between a 

conventional magnetic f lux leakage (MFL) and the magnetic 5 

flux resistance (MFR) used in the present embodiment.  

[0040] 

 According to the magnetic f lux leakage, as i l lustrated 

in Fig. 16, ( i )  a second magnet 3, a f irst magnet 2, and a third 

magnet 4 are provided in this order to form a Halbach array, 10 

(i i )  a Hall  element 11b is provided on a counter surface of  the 

first magnet 2, which counter surface faces a magnetic pipe 

P, and ( i i i )  the Hall  element 11b detects that a magnetic f lux,  

which flows in the magnetic pipe P, is leaking out at a 

thinned portion of the magnet ic pipe P. In this case, leakage 15 

flux occurs only at portions where the shape of the magnetic 

pipe is discontinuous, such as a thinned end part, and, as 

i l lustrated in Fig.  16, leakage f lux does not occur at ( i )  

portions where thinning is occurring over an  entire surface or 

( i i )  thinning is occurring gradually.  Therefore,  according to 20 

the magnetic f lux leakage, it  is not possible to detect 

thinning over an entire surface, detect a gradually thinned 

portion, or quantitatively evaluate thinning.  

[0041] 

 In contrast,  according to the magnetic f lux resistance, 25 
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( i )  the Hall  elements 11 are provided on a magnetic circuit 

formed by (a)  a magnet (e.g.  the third magnet 4 polarized in 

directions facing a magnetic pipe P) provided at an end part 

of  a Halbach array and (b) a magnetic pipe P and (i i )  a density 

of  a magnetic f lux f lowing through the magnet and the 5 

magnetic pipe P is measured. This makes it  possible to 

directly measure a magnetic f lux density which 

increase/decreases depending on a thickness of the magnetic  

pipe P. Therefore,  according to the magnetic f lux resistance, 

it  is possible to ( i )  detect thinning over an entire surface and 10 

a gradually thinned portion and ( i i )  accurately measure a 

thinning depth and the thickness of  the magnetic pipe P.  

[0042] 

 (1-3. Configuration of thinning judging section 20)  

 Fig. 4 is a block diagram il lustrating a configuration of 15 

a thinning measuring device 200 in accordance with the 

present embodiment. Fig.  5 is a view for describing an 

overview of a thinning judging process in accordance with the 

present embodiment.  

[0043] 20 

 As il lustrated in Fig. 4,  the thinning measuring device 

200 includes the excitation and detection coi ls 5, the Hall  

elements 11, and a thinning judging section 20. The thinning 

judging section 20 includes the eddy current f law detecting 

section 30 and the magnetic f lux resistance flaw detecting 25 
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section 40.  

[0044] 

 According to the present embodiment, as i l lustrated in 

Figs. 4 and 5, an eddy current test is carried out with use of 

the excitation and detection coi ls 5, and then the eddy 5 

current f law detecting section 30 judges, with use of  a  

detection signal obtained from the eddy current test, whether 

thinning is occurring to an inner surface or an outer surface 

of  a magnetic pipe P. In addition, a density of  a magnetic f lux 

flowing through the third magnet 4 and the magnetic pipe P is 10 

detected with use of the Hall  elements 11. Then, with use of 

a result of the detection by the eddy current f law detecting 

section 30 and a result of  the judging of a thinned surf ace, 

the magnetic f lux resistance flaw detecting section 40 

quantitatively evaluates the thinning of the magnetic pipe P. 15 

According to the present embodiment, the inner surface of  

the magnetic pipe P refers to a front surface which is counter 

surface facing the inspection probe 100, and the outer 

surface refers to a back surface opposite from the counter 

surface.  20 

[0045] 

 As i l lustrated in Fig. 4, the eddy current f law detecting 

section 30 includes a f irst detecting section 31, a first 

storage section 32, and an eddy current f low computing 

section 33. The eddy current f low computing section 33 25 
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includes a detected posit ion identi fying section 34 and a 

thinned surface judging section 35.  

[0046] 

 The magnetic f lux resistance f law detecting section 40 

includes a second detecting section 41, a second storage 5 

section 42, and a magnetic f lux resistance computing section 

43. The magnetic f lux resistance computing section 43 

includes a detected posit ion identi fying section 44, a cross 

section def iciency ratio calculating section 45, a shape 

parameter calculating section 46, a thinned range 10 

calculating section 47, and a thinning depth calculating 

section 48.  

[0047] 

 The first detecting section 31 obtains a detection signal 

which is supplied from the excitation and detect ion coils 5 15 

via the eddy current f law detector 12. Then, the first 

detecting section 31 controls the first storage section 32 to 

store the detection signal and detected t ime (detected timing) 

at which the detection signal was obtained such that the 

detection signal and the detected t ime are associated with 20 

each other.  

[0048] 

 The second detecting section 41 obtains respective 

output voltage values of  the Hall  elements 11, and then 

controls the second storage section 42 to store the output 25 
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voltage values and corresponding detected t imes (detected 

timings) such that the output voltage values and the 

corresponding detected t imes are associated with each other.  

[0049] 

 Configurations of the first storage section 32 and the 5 

second storage section 42 are not parti cularly l imited. 

Examples of each of the f irst storage section 32 and the 

second storage section 42 encompass storage media such as 

(i )  tapes such as a magnetic tape and a cassette tape, ( i i )  

disks including magnetic disks such as a f loppy disk 10 

(Registered Trademark) and a hard disk and optical disks 

such as a CD-ROM, an MO, an MD, a DVD, and a CD-R, ( i i i )  

cards such as an IC card (including a memory card) and an 

optical card, and (iv) semiconductor memories such as a 

mask ROM, an EPROM, an EEPROM (Registered Trademark),  15 

and a flash ROM. 

[0050] 

 Based on the detection signals which have been 

supplied from the excitation and detection coi ls 5 and stored 

in the f irst storage section 32 and on the corresponding 20 

detected t imes and based on the output voltage values which 

have been supplied from the Hall elements 11 and stored in 

the second storage section 42 and on the corresponding 

detected t imes, the detected position identifying section 34 

and the detected posit ion identi fying section 44 associate the 25 
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fol lowing with each other:  ( i )  detected posit ions of the 

magnetic pipe P, which detected positions correspond to the 

detection signals from the excitation and detection coi ls 5 

and (i i )  detected posit ions of the magnetic pipe P, which 

detected posit ions correspond to the output voltage values 5 

from the Hall  elements 11.  

[0051] 

 Based on the detection signals from the excitation and 

detection coils 5, the thinned surface judging section 35 

judges whether thinning that is present in the magnetic pipe 10 

to be inspected is inner surface thinning or outer surface 

thinning.  

[0052] 

 Based on a cross section def iciency ratio calculating 

formula (described later) , the cross section def iciency ratio 15 

calculating section 45 calculates a cross section def iciency 

ratio at positions of the magnetic pipe along the axis of  the 

magnetic pipe. The "cross section def iciency ratio" refers to a 

ratio of an area of a def icient portion to an area of an entire  

portion of a cross section perpendicular to the axis of the 20 

magnetic pipe. The "cross  sectional area of a def icient cross 

section" refers to a cross sectional area which has been 

reduced by thinning.  According to the present embodiment, 

di f ferent cross section deficiency ratio calculating formulas 

are used, depending on whether thinning is  of  an inner 25 
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surface or of an outer surface (described later) .  

[0053] 

 Based on the output voltage values from the Hall 

elements 11, the shape parameter calculating section 46 

calculates shape parameters. According to the present 5 

embodiment, the shape parameters calculated by the shape 

parameter calculating section 46 are ( i )  Vmax which is a 

maximum value of the output voltage values from the Hall  

elements 11 and (i i )  Vall  which is a combined value obtained 

by combining values which are obtained normalizing  10 

(dividing),  by Vmax, each of the output voltage values from 

the Hall  elements 11.  

[0054] 

 Based on the output voltage values from the Hall 

elements 11, the thinned range calculating section 47 15 

calculates a thinned range of the magnetic pipe.  

[0055] 

 Based on the cross section def iciency ratio calculated 

by the cross section deficiency ratio calculating section 45 

and on the thinned range calculated by the thinned range 20 

calculating section 47, the thinning depth calculating 

section 48 calculates a thinning depth in radial directions of 

the magnetic pipe.  

[0056] 

 Note that the eddy current f low computing section 33 25 
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and the magnetic f lux resistance calculating section 43 can 

be each an integrated circuit (hardware logic)  such as an 

ASIC (application specific integrated circuit) ,  or can be each 

achieved by a computer executing software, which computer 

includes a processor such as a CPU. Alternatively, the eddy 5 

current f low computing section 33 and the magnetic f lux 

resistance calculating section 43 can each be a chieved by a 

combination of such an integrated circuit and software 

execution of such a computer.  

[0057] 10 

 Furthermore, the eddy current f low computing section 

33 and the magnetic f lux resistance calculating section 43 

can be included in a housing in which the f irst detecting 

section 31, the first storage section 32, the second detecting 

section 41, and the second storage section 42 are included, 15 

or can be provided separately from the first detecting section 

31, the f irst storage section 32, the second detec ting section 

41, and the second storage section 42. In the latter case, the 

eddy current f low computing section 33 and the magnetic 

f lux resistance calculating section 43 ( i )  obtain respective 20 

pieces of information, which are stored in the f irst storage 

section 32 and the second storage section 42, respectively, 

via, for example, wired communications, wireless 

communications, or a storage medium which can be attached 

and detached and then ( i i )  carry out respective computing 25 
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processes.  

[0058] 

 (1-4. Thinning inspection process)  

 Fig. 6 is a f low chart i l lustrating a f low of a thinning 

inspection process according to the present embodiment.  5 

[0059] 

 First,  the inspection probe 100 is inserted into a 

magnetic pipe to be inspected, and measurement is carried 

out with use of the excitation and detection coils 5 and the 

Hall  elements 11 while the inspection probe 100 is being 10 

moved axial ly in the magnetic pipe (S1).  

[0060] 

 Specif ically, the first detecting section 31 obtains ( i )  

detection signals supplied from the excitation and detection 

coi ls 5 via the eddy current f law detector 12 and (i i )  detected 15 

times at which the respective detection signals were 

obtained. Then, the first detecting section 31 controls the 

first storage section 32 to store the detection signal s and the 

detected times such that the detection signals and the 

corresponding detected t imes are associated with each other.  20 

In addit ion, the second detecting section 41 obtains ( i )  

output voltage values from the Hall  elements 11 and ( i i )  

detected times at which the respective output voltage values 

were obtained. Then, the second detecting section 41 

controls the second storage section 42 to store the output 25 
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voltage values and the detected times such that the output 

voltage values and the corresponding det ected times are 

associated with each other.  

[0061] 

 Note that a method in which the inspection probe 100 5 

is moved in a magnetic pipe is not l imited to any particular 

one. For example, the inspection probe 100 can be moved by 

(i )  pulling the inspection probe 100 with use of  a wire or the 

like which is connected to the inspection probe 100 or ( i i )  

pushing the inspection probe 100 with use of  a bar -l ike 10 

member. Alternatively, the inspection probe 100 can move by 

itsel f with use of a driving section provided on  the inspection 

probe 100.  

[0062] 

 Next,  based on the information stored in the first 15 

storage section 32, the detected position identifying sections 

34 and 44 associate the fol lowing with each other: ( i )  detected 

posit ions (posit ions along the axial direct ion of the magnetic 

pipe) corresponding to the detection signals from the 

excitation and detection coils 5 and ( i i )  detected positions 20 

(posit ions along the axial  direction of the magnetic pipe) 

corresponding to the output voltage values from the Hall  

elements 11 (S2).  

[0063] 

 Next,  the thinned surface judging section 35 extracts,  25 
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as a target detected posit ion, one of the detected posit ions 

associated in the step S2 (S3),  and then carries out a thinned 

surface judging process with respect to the target detec ted 

posit ion ( i .e.  process of  judging whether thinning at the 

target detected posit ion is outer surface thinning or inner 5 

surface thinning) (S4). In this way, according to the present 

embodiment, ( i )  in a case where the thinning is outer surface 

thinning, a quantitative evaluation of the thinning 

(calculation of a cross section def iciency ratio, a thinned 

range, and a thinning depth) is carried out with use of an 10 

evaluation algorithm (S5 through S11) intended for outer 

surface thinning and ( i i )  in a case where the thinning is inner 

surface thinning, a quantitative evaluation of the thinning is 

carried out with use of  an evaluation algorithm (S12 through 

S15) intended for inner surface thinning.  15 

[0064] 

 According to measurement results of  magnetization 

eddy current testing, a phase angle of an output voltage value 

largely varies, depending on whether thinning is present on 

an inner surface side of a magnetic pipe or the thinning is 20 

present on an outer surface side of  the magnetic pipe. 

Specif ically,  according to magnetization eddy current 

testing, a graph, in which an X-axis and a Y-axis respectively 

represent an X-direction voltage amplitude and a Y -direction 

voltage amplitude, shows that ( i )  in a case where thinning is 25 
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present on an inner surface side, detect ion results tend to 

fal l in a f irst quadrant and ( i i )  in a case where thinning is 

present on an outer surface, detection results tend to fall in 

a third quadrant.  Therefore,  by using the magnetization eddy 

current testing, i t is possible to easily judge wh ether 5 

thinning is present on an inner surface side of  a magnetic 

pipe or is present on an outer surface side of  the magnetic 

pipe.  

[0065] 

 According to the present embodiment, a thinned 10 

surface (whether thinning is present on an outer surface side 

of  a magnetic pipe or is present on an inner surface side of  

the magnetic pipe) is judged by the magnetization eddy 

current testing. This makes it  possible to judge a thinned 

surface in real t ime by, with use of  an inspection probe 100, 15 

simultaneously obtaining ( i )  measurement data by a 

magnetic f lux resistance and (i i )  measurement data by the 

magnetization eddy current testing. In a case where, for 

example, inner surface thinning and outer surface thinning 

are both present, it  is particularly advantageous to judge  20 

thinned surfaces by the magnetization eddy current testing. 

Note, however, that a method of judging a thinned surface is 

not l imited to the magnetization eddy current testing, and 

thinned surface can be judged by use of  other judging 

methods. Alternatively, a user can judge a thinned surface in 25 
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a case where it is possible to identify the thinned surface by, 

for example, ( i )  an environment in which a magnetic pipe to 

be inspected is used and/or ( i i )  results of  visual inspection.  

[0066] 

 Next, based on the results of  the judgment by the 5 

thinned surface judging section 35, the cross section 

def iciency ratio calculating section 45 judges whether or not 

thinning at a target detected posit ion is outer surface 

thinning (S5).  

[0067] 10 

 In a case where it  is judged in  the step S5 that the 

thinning is outer surface thinning, the cross section 

def iciency ratio calculating section 45 calculates a cross 

section def iciency ratio Cout according to a cross section 

def iciency ratio calculating formula for outer surface 15 

thinning (S6).  

[0068] 

 Note that a cross section def iciency ratio calculating 

formula for outer surface thinning and a cross section 

def iciency ratio calculating formula for inner surface 20 

thinning are set in advance, based on results of  measuring, 

by a magnetic f lux resistance with use of  an inspection probe 

100, test pieces (test magnetic pipes) each having a plural ity 

of  types of  thinning.  

[0069] 25 
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 (a)  of  Fig.  7 is a view for describing an example of  test 

pieces having a plural ity of  pieces of outer surface thinn ing. 

(b) of Fig. 7 is a view for describing examples of  test pieces 

having a plural ity of pieces of  inner surface thinning.  

[0070] 5 

 As il lustrated in (a)  of Fig.  7,  the test piece, which had 

the outer surface thinning and was used, had 9 types of  

thinning in an STB pipe having an outer diameter of  25.4 mm 

and a thickness of 2.0 mm, the 9 types of  thinning differing in 

terms of thinned range and thinning rate.  That is,  9 types of  10 

thinning of [ thinned range, thinning rate]  of  the test piece 

were [45°,  25%], [45°,  50%], [45°,  75%], [90°,  25%], [90°, 

50%], [90°,  75%], [135°,  25%], [135°,  50%], and [135°, 75%]. 

For example, a thinned range of 360° indicates that thinning 

is occurring over an entire circumference of the magnetic 15 

pipe P. Note that "thinning rate" according to the present 

embodiment is a value of a ratio of a thickness of a magnetic 

pipe P which is intact to a depth of a thinned portion 

extending in directions in which the magnetic pipe P and the 

first magnet 2 face each other. For example, in a case  where 20 

the thinning rate of  a magnetic pipe P is 75%, the thickness 

of the magnetic pipe P is 1/4 of that of the magnetic pipe P 

which is intact. Note also that each of the pieces of  thinning 

had a width of 5 mm, which width extends along an axis of  the 

magnetic pipe.  25 
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[0071] 

 As i l lustrated in (b)  of Fig. 7, the test pieces having 

inner surface thinning were: ( i )  a test piece having, in an STB 

pipe having an outer diameter of  25.4 mm and a thickness of  

2.0 mm, (A) thinning having a form of a f lat -bottomed hole 5 

and having a diameter of  5 mm and a thinning rate of  25% 

and (B) thinning having a form of a f lat -bottomed hole and 

having a diameter of  5 mm and a thinning rate of  50% and ( i i )  

a test piece having, in an STB pipe having an outer diameter 

of  25.4 mm and a thickness of  2.0 mm, (A) thinning having a 10 

thinned range of 90°, a thinning rate of  25%, and a width of 

5 mm which extends along the axis of  the magnetic pipe and 

(B) thinning having a thinned range of 90°, a thinning rate of  

50%, and a width of 5 mm which extends along the axis of  the 

magnetic pipe.  15 

[0072] 

 (c ) of  Fig. 7 is a graph showing relationships between ( i )  

the results of  measuring, by a magnetic f lux resistance, the 

test pieces i l lustrated in (a)  and (b)  of  Fig.  7 ( i .e.  combined 

value V_sum(V)  obtained by combining the output voltage 20 

values from the respective Hall  elements 11) and ( i i )  

corresponding ones of actual cross section def iciency ratios 

of  the thinning of the respective test pieces ( i .e. cross section 

def iciency ratios calculated based on actual values).  The 

actual values were measured by use of  an ultrasonic 25 
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thickness meter or a submersion rotary ultrasonic thickness 

measuring method. Note that this graph also plots the results 

of  measuring (i )  entire circumferential  groove thinning o n the 

outer surface (outer surface circumferential groove thinning) 

and (i i )  entire circumferential  groove thinning on the inner 5 

surface ( inner surface circumferential  groove thinning).  

[0073] 

 As i l lustrated in (c)  of  Fig.  7, in both cases of  local 

thinning and entire circumferential groove thinning, there 

are extremely high correlations between the combined values 10 

V_sum of the output voltage values from the Hall  elements 11 

and the corresponding cross section deficiency ratios, so that 

the relationships can be approximated by a l inear function.  

[0074] 

 Therefore, according to the present embodiment, a 15 

cross section def iciency ratio calculating formula for 

calculating a cross section deficiency ratio from V_sum is 

calculated in advance based on relationships between ( i )  

V_sum based on the results of  measuring test pieces 

prepared in advance and ( i i )  actual cross section def iciency 20 

ratios.  

[0075] 

 Note that as i l lustrated in (c)  of Fig. 7, the graph of 

V_sum and the cross section deficiency ratios shows that 

although the cross section deficiency ratio calculating 25 
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formula for outer surface thinning and the cross section 

def iciency ratio calculating formula for inner surface 

thinning result in substantial ly identical slopes, a value of  

an intercept according to the cross section def iciency ratio 

calculating formula for inner surface thinning is smaller. 5 

Specif ically, while the cross section def iciency ratio 

calculating formula for calculating a cross section def iciency 

ratio Cout for outer surface thinning is represented by 

"Cout=a×V_sum", the cross section def iciency ratio 

calculating formula for calculating a cross section def iciency 10 

ratio Cin for inner surface thinning is represented by 

"Cin=a×V_sum-b". Note that respective values of  a and b are 

decided, prior to a thinning inspection process of  a magnetic 

pipe to be measured, by measuring a test piece which is 

prepared in advance according to a material,  a size, and the 15 

like of a magnetic pipe to be measured.  

[0076] 

 After the cross section deficiency ratio Cout of  outer 

surface thinning is calculated in the step S6, the shape 

parameter calculating section 46 calculates certain shape 20 

parameters based on the output voltage values from the Hall 

elements 11 (S7).  

[0077] 

 According to the present embodiment, the shape 

parameters to be calculated are ( i )  Vmax which is a maximum 25 
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value of  the output voltage values from the Hall  elements 11 

and ( i i )  Val l which is a combined value obtained by combining 

values which are obtained normalizing, by Vmax, each of the 

output voltage values from the Hall  elements 11.  

[0078] 5 

 Fig. 8 is a view for describing an example of  output 

voltage values from eight Hall  elements 11 (ch1 to ch8) in a 

case where flaw detection of thinning over an entire surface 

and of local thinning is carried out. As i l lustrated in Fig.  8, in 

a case of  thinning over an entire surface where output voltage 10 

values from al l of  the Hall elements 11 are substantial ly 

identical, the output voltage values are distributed so as to 

form a rectangle.  On the other hand, in a case of  local 

thinning, an output voltage value of  a Hall  element 11 

provided directly under a portion where the local thinning is 15 

occurring becomes a highest value. In this case, the output 

voltage values are distributed so as to form a mountain -like 

shape where the output voltage values that are further from 

the highest output voltage value are lower.  

[0079] 20 

 Next,  the thinned range calculating section 47 judges 

whether or not a thinned range can be calculated by a certain 

first calculating method in wh ich the shape parameters 

(Vmax, Vall)  calculated by the shape parameter calculating 

section 46 are used (S8).  Note that a judging method in the 25 
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step S8 wil l  be described later.  

[0080] 

 In a case where it  is judged in the step S8 that the 

thinned range can be calculated by the f irst calculating 

method, the thinned range calculating section 47 calculates 5 

a thinned range by the first calculating method (S9).  In a case 

where it  is judged that the thinned range cannot be 

calculated by the first calculating method, the thinned range 

calculating section 47 calculates a thinned range by a certain 

second calculating method (S10).  10 

[0081] 

 Fig. 9 is a graph plott ing Vall  and Vmax along a 

horizontal axis and a vertical  axis,  respectively,  which Vall  

and Vmax are calculated based on the results of  f law 

detection of ( i )  the above-described test piece having the 15 

outer surface thinning (see (a)  of  Fig.  7)  and ( i i )  the 

above-described test piece having the inner surface thinning 

(see (b)  of Fig.  7) . Fig.  10 is a graph in which data, of  al l of 

pieces of  data shown in Fig.  9, which concerns the test piece 

having the outer surface thinning, is extracted.  20 

[0082] 

 As i l lustrated in Figs. 9 and 10, in a case where Vall  is 

a certain value (e.g.  3V) or more, output voltage values in t he 

case of  outer surface thinning are, in a graph plott ing Vall  

and Vmax, clearly distributed so as to correspond to a 25 
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thinned range along the circumference. Therefore, ( i )  

functions (data for calculating a thinned range),  which show 

correlations between Vall  and Vmax for respective thinned 

ranges, are calculated according to the results of  f law 

detection of test pieces having outer surface thinning and (i i )  5 

interpolation calculation with use of the functions is carried 

out. This makes it  possible to calculate a thinned range 

corresponding to Vall  and Vmax which are obtained by flaw 

detection of a magnetic pipe to be inspected. In the present 

embodiment, this calculating method is referred to as " f irst 10 

calculating method".  

[0083] 

 Specif ically, in the f irst calculating method, the 

fol lowing straight l ines are calculated in advance according 

to the results of  f law detection of test pieces having outer 15 

surface thinning: ( i )  a straight l ine L45 indicative of  a 

correlation between Vall  and Vmax in a case where a thinned 

range is 45°, ( i i )  a straight l ine L90 indicative of  a correlation 

between Vall  and Vmax in a case where a thinned range is 

90°, and (i i i )  a straight l ine L135 indicative of  a correlation 20 

between Vall  and Vmax in a case where a thinned range is 

135°.  

[0084] 

 Then, intersections, between ( i )  Vmax obtained by the 

flaw detection of the magnetic pipe to be inspected and ( i i )  25 
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the straight l ines L45, L90, and L135, are calculated. Then, 

di f ferences between a point corresponding to Vall  obtained by 

the flaw detection of the magnetic pipe to be inspected and 

the respective intersections are calculated. Then, a thinned 

range is calculated according to a ratio between the 5 

dif ferences.  

[0085] 

 For example, in a case where values of Vmax and Vall  of  

outer surface local thinning are 0.15 V and 3.8, respectively, 

values a and b, which are on the straight l ines L90 and L135, 10 

respectively, and which correspond to Vmax=0.15, are 

calculated (see Fig. 10). Then, a thinned range is calculated 

according to a ratio between (b-3.8) and (3.8-a).  For example, 

in a case where a thinned range of thinning to be inspected is 

X, the thinned range X is calculated according to a 15 

relationship "(135-X): (X-90)=(b-3.8): (3.8-a)".  In this case, 

the thinned range is calculated as approximat ely 100° where 

Vmax=0.15V and Vall=3.8.  

[0086] 

 On the other hand, even in a case of outer surface 20 

thinning, a thinned range cannot be calculated by the first 

calculating method if  the thinning is local thinning having a 

narrow thinned range such as a case  of thinning where a 

change in magnetic f lux can be detected only by one of eight 

Hall elements 11. This is because, in such a case, values of 25 
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Vall fall  outside of an evaluation map (e.g.  the graph of Fig. 

10).  

[0087] 

 In a case of  inner surface thinning, as i l lustrated in 

Fig. 9,  i t  is observed that Vall  and Vmax are smaller and 5 

larger, respectively, than is the case of  outer surface 

thinning. However,  unlike the case of  outer surface thinning, 

a clear distribution according to a thinned range along the 

circumference is not obtained. This is presumably because of 

the following phenomenon: A space between the Hall  10 

elements 11 and the magnetic pipe becomes large directly 

under the inner surface thinning, and therefore an apparent 

magnetic resistance increases  so as to cause an increase in 

output signal Vmax. Then, when output voltage values are 

normalized by the Vmax, the output voltage values become 15 

uniformly small.  

[0088] 

 Therefore, according to the present embodiment, the 

thinned range calculating section 47 calculates a thinned 

range not by the first calculating method but by the second 20 

calculating method in a case where ( i )  thinning is outer 

surface thinning and a value of Vall is less than a certain 

value (e.g.  3)  or ( i i )  thinning is inner surface thinni ng. 

Specif ically, in a case of  outer surface thinning, the thinned 

range calculating section 47 judges whether or not the value 25 



- 45 - 

of  Vall  is a certain value or more in the step S8. In a case 

where the value of Vall  is the certain value or more, the 

thinned range calculating section 47 calculates a thinned 

range by the first calculating method in the step S9. In a case 

where the value of  Vall  is less than the certain value, the 5 

thinned range calculating section 47 calculates a thinned 

range by the second calculating method in the step S10. In a 

case of  inner surface thinning, the thinned range calculating 

section 47 calculates a thinned range by the second 

calculating method in a step S14 described later.  10 

[0089] 

 Fig. 11 is a view for describing a calculating method of  

calculating a thinned range by the second calculating 

method. 

[0090] 15 

 In the second calculating method, one of pieces of  

thinning formed on a test piece is f irst extracted as reference 

thinning. According to the present embodiment, in a case 

where outer surface thinning is to be measured, thinning 

having a thinned range of 45° and a thinning rate of  25% is 20 

reference thinning. In a case where inner surface thinning is 

to be measured, thinning having a thinned range of 90° and a 

thinning rate of  50% (i .e.  arc-shaped thinning) is reference 

thinning. Note that reference thinning can be selected as 

appropriate from pieces of thinning of a test piece, according 25 
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to results of  a veri f ication experiment conducted in advance.  

[0091] 

 Then, in a reference prof i le (see Fig. 11) which is a 

shape prof ile of  reference thinning ( i .e.  a prof i le in which 

values obtained by normalizing, by Vmax, output voltage 5 

values from the Hall elements 11 are connected),  an average 

value of  output voltage values from Hall  elements 11, which 

are provided so as to sandwich the Hall  element 11 from 

which Vmax was detected, is set as a reference value. Then, a 

distance L1, which is a distance between two points 10 

corresponding to the reference value in the reference prof ile, 

is calculated. 

[0092] 

 In addit ion, a distance L2, which is a distance between 

two points corresponding to the reference value in a shape 15 

profi le obtained on the basis of  the results of  f law detection 

of a magnetic pipe to be inspected, is calculated. Note that in 

a case where a width L2 of the shape prof ile obtained on the 

basis of  the results of  the flaw detection of the magnetic pipe 

is narrower than a width L1 of the reference prof i le (L1>L2), 20 

a virtual profi le is obtained in which a point corresponding to 

Vmax=1 is connected, by a straight l ine or a curved l ine, to 

points corresponding to values obtained by normalizing, by 

Vmax, the output voltages from the Hall  elements 11 which 

are sandwiching the Hall element 11 from which Vmax was 25 
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detected. Then, a distance between two points corresponding 

to the reference value in the virtual prof i le can be calculated 

as a distance L2.  

[0093] 

 Subsequently,  a value obtained by multiplying, by 5 

L2/L1, a thinned range obtained from the reference prof ile 

(45° according to the present embodiment)  is calculated as a 

thinned range of the magnetic pipe to be inspected.  

[0094] 

 Then, after the thinned range is calculated in the step 10 

S9 or the step S10, the thinning depth calculating section 48 

calculates a thinning depth based on a thinning def iciency 

ratio and a thinned range (S11).  

[0095] 

 Note that a thinning depth d in a case of  outer surface 15 

thinning can be calculated from 

 d=r-{r2-S∙360/(π∙θ)}1 /2  

where ( i )  r is a radius (mm) of an outer diameter of  the 

magnetic pipe to be inspected, ( i i )  t  is a thickness (mm) of a 

portion which is intact, ( i i i )  S is a thinning def iciency ratio 20 

(%), and (iv)  θ is a thinned range (°) .  

[0096] 

 In a case where it  is judged in the step S5 that the 

thinning is not outer surface thinning (but is inner surface 

thinning), the cross section deficiency ratio calculating 25 
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section 45 calculates a cross section def iciency ratio Cin 

according to the above-described cross section def iciency 

ratio calculating formula for inner surface thinning (S12).  

[0097] 

 Next,  based on the output voltage values from the Hall  5 

elements 11, the shape parameter calculating section 46 

calculates shape parameters (S13).  According to the  present 

embodiment, Vmax and Vall  are calculated as shape 

parameters as in the case of  outer surface thinning.  

[0098] 10 

 Subsequently,  the thinned range calculating section 47 

calculates a thinned range by the second calculating method 

(S14). According to the present embodiment, in a case where 

inner surface thinning is to be measured, as described above, 

thinning having a thinned range of 90° and a thinning rate of 15 

50% ( i.e. arc-shaped thinning) is reference thinning. Then, a 

thinned range is calculated by the second calculating method 

with a shape prof i le of  the reference thinning serving as a 

reference profi le.  Fig.  12 is a view for describing a calculating 

method of calculating a thinned range by the second 20 

calculating method.  

[0099] 

 Then, after the thinned range is calculated in the step 

S14, the thinning depth calculating section 48 calculates a 

thinning depth based on a thinning def iciency ratio and a 25 
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thinned range (S15),  and the thinning inspection process 

ends. 

[0100] 

 Note that a thinning depth d in  a case of  inner surface 

thinning can be calculated from 5 

 d={ (r-t)2+S∙360/(π∙θ) }1/2- (r-t)  

where ( i )  r is a radius (mm) of an outer diameter of  the 

magnetic pipe to be inspected, ( i i )  t  is a thickness (mm) of a 

portion which is intact, ( i i i )  S is a thinning def iciency ratio 

(%), and (iv)  θ is a thinned range (°) .  10 

[0101] 

 Subsequently, thinned surface judging section 35 

judges whether or not the process of  calculating cross section 

def iciency ratios,  thinned ranges, and thinning depths for all  

of  posit ions to  be inspected is completed (S16).  In a case 15 

where there is/are detected posit ion(s)  for which the 

calculation process has not been completed, the thinning 

inspection process returns to the step S3, and a similar  

process is repeated. In a case where it is j udged in the step 

S16 that the calculation process has been completed for al l of  20 

the detected positions, the thinning inspection process ends.  

[0102] 

 Fig. 13 is a graph showing relationships between (i )  

thickness evaluated values obtained by measuring pip es 

used in actual production models by the method in 25 



- 50 - 

accordance with the present embodiment and ( i i )  thickness 

actual values obtained by actually measuring the pipes used 

in the actual production models. A thickness evaluated value 

was calculated by ( i )  ca lculating a thinning depth of a pipe 

used in an actual production model by the method in 5 

accordance with the present embodiment and (i i )  obtaining a 

dif ference between the thinning depth thus calculated and a 

thickness of the pipe while the pipe is intact.  A thickness 

actual value was measured by use of  an ultrasonic thickness 

meter or a submersion rotary ultrasonic thickness measuring 10 

method. As il lustrated in Fig.  13, it  was possible to evaluate 

the thicknesses by the method in accordance with the 

present embodiment with an accuracy of approximately ±0.15 

mm. 

[0103] 15 

 (1-5. Example of evaluation of thinning inspection)  

 (1-5-1. Example of evaluation of inner surface 

thinning)  

 (a) of  Fig. 14 is a graph plotting output voltages from 

Hall  elements 11 in an inspection of an STB pipe (magnetic 20 

pipe) which has inner surface thinning and has an outer 

diameter of  27.2 mm and a thickness of  2.6 mm.  

[0104] 

 As indicated by (a)  of  Fig.  14, the thinning is occurring 

so as to concentrate on part of  the pipe along the 25 
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circumference of the pipe in this example of  the evaluation. 

In addit ion, in this example of  the evaluation, relatively 

gentle local thinning is occurring such that the output 

voltages from the Hall  elements 11 have only one peak along 

the circumference.  5 

[0105] 

 In this example of  the evaluation, a representative 

thinned portion il lustrated in (a)  of Fig.  14 was evaluated 

according to the f low i l lustrated in Fig.  6,  so that the 

fol lowing results were obtained:  10 

<Results of  evaluation of representative thinned portion> 

 (1)  Results of  judging thinned surface: inner surface 

thinning 

 (2)  Combined value V_sum of combining output 

voltages from Hall  elements 11: 1.19 V  15 

 (3)  Cross section def iciency ratio S: 16.7% (35.9 mm 2 )  

(a=16.163, b=2.5) (4)  Thinned range θ along circumference: 

110° 

 (Since the thinning was inner surface thinning, the 

thinned range θ was calculated by the second calculating 20 

method. Specifical ly,  as i l lustrated in (b)  of  Fig.  14, L1 and 

L2 were calculated, and then L2/L1 was calculated as 1.96. 

Then, by multiplying L2/L1 by the thinned range (56.3°)  of  a 

reference thinning, the thinned range θ in the example of the 

evaluation was calculated as 56.3×1.96≒ 110°. )  25 
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 (5)  Thinning depth d: 1.6 mm 

 (Since the thinning was inner surface thinning, the 

thinning depth d was calculated from 

d={(r-t)2+S∙360/(π∙θ) }1/2- (r-t) . )  

 (1-5-2. Example of evaluation of outer surface 5 

thinning)  

 (a) of  Fig. 15 is a graph plotting output voltages from 

Hall  elements 11 in an inspection of an STB pipe (magnetic 

pipe) which has outer surface thinning and has an outer 

diameter of  25.4 mm and a thickness of  2.0 mm.  10 

[0106] 

 In this example of the evaluation, as i l lustrated in (a)  of  

Fig. 15, corrosion (thinning) was occurring over substanti al ly 

entire region along the axis of the pipe, and local thinning 

was occurring at a baffle portion.  15 

[0107] 

 In this example of  the evaluation, a representative 

thinned portion was evaluated according to the f low 

il lustrated in Fig.  6,  so that the fol lowing results were 

obtained:  20 

<Results of  evaluation of representative thinned portion>  

 (1)  Results of  judging thinned surface: outer surface 

thinning 

 (2)  Combined value V_sum of combining output 

voltages from Hall  elements 11: 0.27 V  25 
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 (3)  Cross section defic iency ratio S: 4.4% (6.5 mm 2 )  

(a=16.163)  

 (4)  Thinned range θ: 51.3°  

 (Although the thinning was outer surface thinning, the 

thinned range θ was calculated by the second calculating 5 

method because Vall < 3.0 V. Specif ical ly, as i l lustrated in (b)  

of  Fig.  15, L1 and L2 were calculated, and then L2/L1 was 

calculated as 1.14. Then, by multiplying L2/L1 by the 

thinned range (45.0°)  of  a reference thinning, the thinned 

range θ in the example of  the evaluation was calculated as 10 

45.0×1.14≒ 51.3°. )  

 (5)  Thinning depth d: 0.69 mm 

 (Since the thinning was outer surface thinning, the 

thinning depth d was calculated from 

d=r-{r2-S∙360/(π∙θ)}1 /2 . )  15 

 (1-6. Recapitulation)  

 As has been described, an inspection probe 100 in 

accordance with the present embodiment includes: a third 

magnet 4; and Hall elements 11 which  are provided on a 

magnetic circuit formed by the third magnet 4 and a magnetic 20 

pipe and which detects a density of  a magnetic f lux f lowing 

through the magnetic circuit.  Thinning of the magnetic pipe 

is quantitatively evaluated in accordance with output si gnals 

from the Hall elements 11 in a case where the inspection 

probe 100 is moved in the magnetic pipe along an axis of  the 25 
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magnetic pipe. In so doing, the thinning is quantitatively 

evaluated by applying an evaluation algorithm for inner 

surface thinning or an evaluation algorithm for outer surface 

thinning, depending on whether the thinning is occurring on 

an inner surface side or on a back surface side of the 5 

magnetic pipe ( i .e.  whether the thinning is inner surface 

thinning or outer surface thinning).  

[0108] 

 Therefore,  i t  is possible to accurately and quickly carry 

out a quantitative evaluation of a defect.  Specifical ly,  10 

although a conventional magnetization eddy current f law 

detection test and a conventional magnetic f lux leakage each 

al low for an inspection of the presence/absence of a defect,  i t 

is not possible to quantitatively evaluate the defect. On the 

other hand, with the method in accordance with the present 15 

embodiment, i t  is possible to accurately carry out a 

quantitative evaluation of a defect  of  a magnetic pipe. In 

addit ion, although a conventional submersion rotary 

ultrasonic thickness measuring method al lows for a 

quantitative evaluation of a defect,  a speed of an inspection 20 

is unfortunately slow. On the other hand, with the method in 

accordance with the present embodiment, it  is possible to 

quickly carry out a quantitative evaluation of a defect.  

[0109] 

 According to the present embodiment, the inspection 25 
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probe 100 includes the yoke 1. However,  the inspection probe 

100 does not necessari ly need to include a yoke 1. 

Specif ically, the inspection probe 100 only needs to be 

configured so that the magnetic f lux density i l lustrated in 

Fig. 5 is applied to a magnetic pipe.  5 

[0110] 

 According to the present embodiment, the inspection 

probe 100 is conf igured so that the second magnet 3 and the 

third magnet 4 are polarized such that the second magnet 3 

and the third magnet 4 face the magnetic pipe P. However, 10 

the present invention is not l imited to this configuration, 

provided that the magnetic f lux dens ity i l lustrated in Fig.  5 

can be applied to the magnetic pipe P. For example, the 

second magnet 3 and the third magnet 4 can be provided so 

that the second magnet 3 and the third magnet 4 are 15 

polarized in a direction extending paral lel  to an axis of  a 

magnetic pipe. In such a case also, Hall elements 11 and the 

yoke 1 only need to be provided on a magnetic circuit formed 

by the second magnet 3, the third magnet 4, and the magnetic 

pipe P.  20 

[0111] 

 According to the present embodiment, the inspection 

probe 100 is inserted into the magnetic pipe P to be 

inspected, and thinning is measured by the Hall  elements 11 

while the inspection probe 100 is being moved axially in the 25 
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magnetic pipe P. However,  the present invention is not 

l imited to this configuration. Alternatively,  it  is possible that 

the inspection probe 100 is inserted into the magnetic pipe P 

to be inspected, and then a defect at a certain position of the 

magnetic pipe P is quantitatively evaluated by measuring an 5 

output of  a Hall  element 11 at the certa in posit ion of the 

magnetic pipe P.  

[0112] 

 (Other remarks)  

 A defect measuring method in accordance with an 10 

aspect of the present invention is a method of measuring a 

defect of  a magnetic member, including the steps of:  (A) 

measuring an output from a magnetic sensor with use of  an 

inspection probe including a magnet and the magnetic sensor 

which is provided on a magnetic circuit formed by the magnet 15 

and the magnetic member and which detects a density of  a 

magnetic f lux f lowing through the magnetic circuit;  (B) 

judging whether the defect is ( i )  a front surface defect 

occurring to a front surface of  the magnetic member, which 

front surface is a counter surface facing the inspection probe 20 

or ( i i )  a back surface defect occurring to a back surface of the 

magnetic member, which back surface is opposite the counter 

surface; and (C) quantitatively evaluating the defect of  the 

magnetic member by applying, to an output signal from the 

magnetic sensor, an evaluation algorithm which is selected 25 
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from evaluation algorithms set in advance for the respective 

ones of  the front surface defect and the back surface defect 

and which corresponds to a result of  the judging in the step 

(B).  

[0113] 5 

 With the method, i t  is possible to quickly and properly 

carry out a quantitative evaluation of a defect by the 

magnetic f lux resistance through: measuring an output from 

a magnetic sensor with use of  an inspection probe including 

a magnet and the magnetic sensor which is provided on a 10 

magnetic circuit formed by the magnet and the magnetic 

member and which detects a density of a magnetic f lux 

flowing through the magnetic circuit;  and applying, to the 

output signal from the magnetic sensor, an evaluation 

algorithm which is selected according to a result of the 15 

judging in the step (B).  

[0114] 

 The method can be configured so as to further include 

the step of: (D) carrying out an eddy current test of the 

magnetic member, in the step (B), whether the defect is 20 

present on the front surface or the back surface of  the 

magnetic member is judged in accordance with a result of the 

eddy current test.  

[0115] 

 With the configuration, i t is possible to quickly and 25 
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properly carry out a quantitative evaluation of a defect by the 

magnetic f lux resistance through: judging whether the 

thinning is a front surface  defect or a back surface defect by 

the eddy current test;  and applying an evaluation algorithm 

according to a result of the judging.  5 

[0116] 

 The method can be configured so that: the inspection 

probe includes a plural ity of magnets provided so as to form 

a Halbach array along a counter surface of the inspection 

probe, which counter surface faces the magnetic member and 10 

an eddy current f law sensor which ( i )  is provided on part of  a 

magnet provided at a center portion of the Halbach array of 

the plural ity of  magnets, which part is located on the counter 

surface facing the magnetic member and ( i i )  carries out the 

eddy current test;  and the magnetic sensor is provided on a 15 

magnetic circuit formed by the magnetic member and a 

magnet that is provided at an end part of  the Halbach array of  

the plural ity of  magnets, and the magnetic sensor detects a 

density of  a magnetic f lux flowing through the magnetic  

circuit.  20 

[0117] 

 With the configuration, i t is possible to improve 

operation eff iciency because the step (D) and the step (A) can 

be carried out in paral lel .  

[0118] 25 
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 The method can be configured so that:  the magnetic 

member is a magnetic pipe; and in the step (A),  the inspection 

probe is moved in the magnetic pipe along an axis of  the 

magnetic pipe.  

[0119] 5 

 With the method, i t  is possible to quickly and properly 

carry out a quantitative evaluation of a defect of  a magnetic 

pipe.  

[0120] 

 The method can be configured so that:  the magnetic 10 

sensor outputs a voltage value according to a density of  a 

magnetic f lux; the step  (C) includes the step of (E) calculating 

a cross section def iciency ratio that is a ratio of  an area of a 

def icient portion to an area of an entire portion of a cross 

section perpendicular to the axis of  the magnetic pipe; and in 15 

the step (E), the cross section def iciency ratio of the magnetic  

pipe is calculated in accordance with ( i )  a cross section 

def iciency ratio calculating formula which is set in advance 

based on a relationship between (a) a combined value 

obtained by combining output voltage values from the 20 

respective magnetic sensors in a case where a plurality of  

types of defects formed on a test magnetic pipe are measured 

by the magnetic sensors and (b)  each of actual cross section 

def iciency ratios of  the respective plural ity of types of defects 

formed on the test magnetic pipe and (i i )  a combined value 25 
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obtained by combining output voltage values from the 

respective magnetic sensors in a case where the magnetic 

pipe is measured.  

[0121] 

 With the method, i t  is possible to quickly and properly 5 

calculate a cross section def iciency ratio of  a defect of  a 

magnetic pipe.  

[0122] 

 The method can be configured so that:  the step (C) 

includes the step of (F)  calculating a defect range indicative 10 

of a range of a defect along a circumference of a cross section 

perpendicular to the axis of the magnetic pipe; and in the 

step (F) , the defect range of the defect of the magnetic pipe is 

calculated in accordance with ( i )  defect range calculating 

data which is set in advance based on a relationship between 15 

(a)  a maximum value of output voltage values from the 

respective magnetic sensors in a case where a plurality of  

types of  defects formed on a test magnetic pipe are measured, 

(b)  a combined value of values obtained by dividing the 

respective output voltage values by the maximum value, and 20 

(c) each of actual defect ranges of the respective plurality of  

types of defects formed on the test magnetic pipe, ( i i )  a 

maximum value of output voltage values from the respective 

magnetic sensors in a case where the magnetic pipe is  

measured, and (i i i )  a combined value of values obtained by 25 
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dividing the respective output voltage values by the 

maximum value.  

[0123] 

 With the method, i t  is possible to quickly and properly 

calculate a defect range of a defect of  a magnetic pipe.  5 

[0124] 

 The method can be configured so that:  the step (C) 

includes the step of (F)  calculating a defect range indicative 

of  a range of a defect along a circumference of a cross section 

perpendicular to the axis of  the magnetic pipe; and (G)  10 

calculating a depth of the defect occurring to the magnetic  

pipe; in the step (F) , the defect range of the defect of the 

magnetic pipe is calculated in accordance with (i )  defect 

range calculating data which is set in advance based on a 

relationship between (a) a maximum value  of output voltage 15 

values from the respective magnetic sensors in a case where 

a plurality of  types of defects formed on a test magnetic pipe 

are measured, (b)  a combined value of values obtained by 

dividing the respective output voltage values by the 

maximum value, and (c)  each of actual defect ranges of the 20 

respective plural ity of types of  defects formed on the test 

magnetic pipe, ( i i )  a maximum value of output voltage values 

from the respective magnetic sensors in a case where the 

magnetic pipe is measured, and (i i i )  a combined value of 

values obtained by dividing the respective output voltage 25 
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values by the maximum value; and in the step (G),  the depth 

of the defect is calculated in accordance with 

d=r-{r2-S∙360/(π∙θ)}1 /2  in a case where the defect is present 

on the back surface of the magnetic pipe, which back surface 

is opposite the counter surface facing the inspection probe 5 

and in accordance with d={ (r -t)2+S∙360/(π∙θ) }1 /2- (r-t)  in a 

case where the defect is present on the front surface of the 

magnetic pipe, which front surface is the counter surface 

facing the inspection probe, where ( i )  r  is a radius (mm) of an 

outer diameter of  the magnetic pipe, ( i i )  S is the cross section 10 

def iciency ratio (%) calculated in the step (E),  ( i i i )  θ is the 

defect range (° ) calculated in the step (F) , and (iv) d is the 

depth (mm) of the defect.  

[0125] 

 With the method, i t  is possible to quickly and properly 15 

calculate a depth of a defect of a magnetic pipe.  

[0126] 

 A defect measuring device in accordance with an aspect 

of  the present invention is a defect measuring device which 

measures a defect of a magnetic member, including: an 20 

inspection probe including a magnet and a magnetic sensor 

which is provided on a magnetic circui t formed by the magnet 

and the magnetic member and which detects a density of  a 

magnetic f lux f lowing through the magnetic circuit; and a 

magnetic f lux resistance computing section which is capable 25 
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of  quantitatively evaluating the defect of the magnetic 

member in accordance with an output signal from the 

magnetic sensor, the magnetic f lux resistance computing 

section being capable of  quantitatively evaluating the defect 

of  the magnetic member by applying, to the output signal,  an 5 

evaluation algorithm which is selected according to whether 

( i )  the defect is formed on a front surface of  the magnetic 

member, which front surface is a counter surface facing the 

inspection probe or ( i i )  the defect is formed on a back surface 

which is opposite the counter surface.  10 

[0127] 

 With the configuration, i t is possible to quickly and 

properly carry out a quantitative evaluation of a defect by the 

magnetic f lux resistance through, with use of an inspection 

probe including a magnet and a magnetic sensor which is 15 

provided on a magnetic circuit formed by the magnet and the 

magnetic member and which detects a density of  a magnetic 

f lux flowing through the magnetic circuit, applying, to an 

output signal from the magnetic sensor, an evaluation 

algorithm which is selected according t o which of the front 20 

surface and the back surface of  the magnetic member has a 

defect.  

[0128] 

 The defect measuring device can be configured so that: 

the inspection probe includes a plurality of  magnets provided 25 
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so as to form a Halbach array along a counte r surface of the 

inspection probe, which counter surface faces the magnetic 

member, an eddy current f law sensor provided at a center 

portion of the Halbach array of the plurality of magnets, a 

magnetic sensor which (i )  is provided on a magnetic circuit 5 

formed by the magnetic member and a magnet that is 

provided at an end part of  the Halbach array of  the plural ity 

of  magnets and ( i i )  detects a density of a magnetic f lux 

flowing through the magnetic circuit,  and a defect surface 

judging section which is capab le of  judging, based on a result 10 

of an eddy current test with use of  the eddy current f law 

sensor, which of the front surface and the back surface of  the 

magnetic member has the defect,  and the magnetic f lux 

resistance computing section is capable of  quant itatively 

evaluating the defect of the magnetic member by applying, to 15 

the output signal, an evaluation algorithm which is selected 

according to a result of  the judging by the defect surface 

judging section.  

[0129] 

 With the configuration, i t is possible t o improve 20 

operation ef f ic iency because measurement by the eddy 

current f law sensor and the measurement by the magnetic 

sensor can be carried out in parallel.  

[0130] 

 The defect measuring device can be configured so that: 25 
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the magnetic member is a magnetic p ipe; and the magnetic 

f lux resistance computing section is capable of quantitatively 

evaluating the defect of  the magnetic pipe in accordance with 

output signals supplied from respective ones of  magnetic 

sensors while the inspection probe is moved in the m agnetic 5 

pipe along an axis of the magnetic pipe.  

[0131] 

 With the configuration, i t is possible to quickly and 

properly carry out a quantitative evaluation of a defect of a 

magnetic pipe.  10 

[0132] 

 The defect measuring device can be configured so that: 

the magnetic sensor outputs a voltage value according to a 

density of  a magnetic f lux; the magnetic f lux resistance 

computing section includes a cross section deficiency ratio 15 

calculating section capable of  calculating a cross section 

def iciency ratio that is a  ratio of  an area of a deficient portion 

to an area of an entire portion of a cross section 

perpendicular to the axis of the magnetic pipe; and the cross 

section def iciency ratio calculating section is capable of  20 

calculating the cross section deficiency ra tio of  the magnetic 

pipe in accordance with (i )  a cross section def iciency ratio 

calculating formula which is set in advance based on a 

relationship between (a)  a combined value obtained by 

combining output voltage values from the respective 25 
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magnetic sensors in a case where a plurality of  types of  

defects formed on a test magnetic pipe are measured by the 

magnetic sensors and (b) each of actual cross section 

def iciency ratios of  the respective plural ity of types of defects 

formed on the test magnetic pipe and (i i )  a combined value 5 

obtained by combining output voltage values from the 

respective magnetic sensors in a case where the magnetic 

pipe is measured.  

[0133] 

 With the configuration, i t is possible to quickly and 10 

properly calculate a cross section def ici ency ratio of a defect 

of  a magnetic pipe.  

[0134] 

 The defect measuring device can be configured so that: 

the magnetic f lux resistance computing section includes a 15 

defect range calculating section which is capable of 

calculating a defect range indicative o f a range of a defect 

along the circumference of a cross section perpendicular to 

the axis of the magnetic pipe; and the defect range 

calculating section is capable of  calculating the defect range 20 

of the magnetic pipe in accordance with (i )  defect range 

calculating data which is set in advance based on a 

relationship between (a) a maximum value of output voltage 

values from the respective magnetic sensors in a case where 

a plurality of  types of defects formed on a test magnetic pipe 25 
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are measured, (b)  a combined value of values obtained by 

dividing the respective output voltage values by the 

maximum value, and (c)  each of actual defect ranges of the 

respective plural ity of types of  defects formed on the test 

magnetic pipe, ( i i )  a maximum value of output voltage values 5 

from the respective magnetic sensors in a case where the 

magnetic pipe is measured, and (i i i )  a combined value of 

values obtained by dividing the respective output voltage 

values by the maximum value.  

[0135] 10 

 With the configuration, i t is possibl e to quickly and 

properly calculate a defect range of a defect of  a magnetic  

pipe.  

[0136] 

 The defect measuring device can be configured so that: 15 

the magnetic f lux resistance computing section includes a 

defect range calculating section which is capable of  

calculating a defect range indicative of a range of a defect 

along a circumference of a cross section perpendicular to the 

axis of  the magnetic pipe and a defect depth calculating 20 

section which calculates a depth of the defect occurring to 

the magnetic pipe; the defect range calculating section is 

capable of  calculating the defect range of the magnetic pipe 

in accordance with (i )  defect range calculating data which is 

set in advance based on a relationship between (a)  a 25 
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maximum value of output voltage values from the respective 

magnetic sensors in a case where a plurality of  types of  

defects formed on a test magnetic pipe are measured, (b)  a 

combined value of values obtained by dividing the respective 

output voltage values by the maximum value, and (c)  each  of 5 

actual defect ranges of the respective plurality of  types of 

defects formed on the test magnetic pipe, ( i i )  a maximum 

value of output voltage values from the respective magnetic 

sensors in a case where the magnetic pipe is measured, and 

(i i i )  a combined value of values obtained by dividing the 10 

respective output voltage values by the maximum value; and 

the defect depth calculating section is capable of calculating 

the depth of the defect in accordance with 

d=r-{r2-S∙360/(π∙θ)}1 /2  in a case where the defect is present 

on the back surface of the magnetic pipe, which back surface 15 

is opposite the counter surface facing the inspection probe 

and in accordance with d={ (r -t)2+S∙360/(π∙θ) }1 /2- (r-t)  in a 

case where the defect is present on the front surface of the 

magnetic pipe, which front surface is the counter surface 

facing the inspection probe, where ( i )  r  is a radius (mm) of an 20 

outer diameter of  the magnetic pipe, ( i i )  S is the cross section 

def iciency ratio (%) calcula ted by the cross section def iciency 

ratio calculating section, ( i i i )  θ is the defect range (° ) 

calculated by the defect range calculating section, and (iv) d 

is the depth (mm) of the defect.  25 
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[0137] 

 With the configuration, i t is possible to quickly and 

properly calculate a depth of a defect of a magnetic pipe.  

[0138] 

 An inspection probe in accordance with an aspect of  5 

the present invention is an inspection probe which inspects a 

defect of  a magnetic member, including: a plural ity of  

magnets provided so as to form a Halbach array along a 

counter surface of  the inspection probe, which counter 

surface faces the magnetic member; an eddy current f law 10 

sensor provided at a center portion of the Halbach array of 

the plurality of  magnets; and a magnetic sensor which  (i )  is 

provided on a magnetic circuit formed by the magnetic 

member and a magnet that is provided at an end part of the 

Halbach array of  the plural ity of  magnets and ( i i )  detects a 15 

density of  a magnetic f lux flowing through the magnetic  

circuit.  

[0139] 

 With the configuration, i t  is possible to ( i )  judge, based 

on the result of the eddy current f law sensor, whether the 20 

defect of  the magnetic member is present on the counter 

surface facing the inspection probe or is present on the back 

surface opposite the counter surface and ( i i )  quantitatively 

evaluate, based on the result of the detection by the magnetic 

sensor, the defect by the magnetic f lux resistance. In 25 
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addit ion, because measurement data of  the eddy current f law 

sensor and measurement data of the magnetic sensor can be 

obtained in paral lel ,  i t is possible to improve operation 

ef f ic iency.  

[0140] 5 

 The inspection probe can be configured so as to further 

include: a yoke which is a cyl indrical member made of a 

magnetic material,  the plurality of magnets be ing provided (i )  

so as to form a Halbach array along an axis of the yoke and 

(i i )  in a cyl indrical form along an outer circumferential 10 

surface of the yoke, and a plurality of  the magnetic sensors 

being provided along a circumference of the yoke.  

[0141] 

 With the configuration, i t is possible to quickly and 

properly carry out a quantitative evaluation of a defect of a 15 

magnetic pipe.  

[0142] 

 (Addit ional remarks)  

 The present invention is not l imited to the description 

of the embodiments, but can be altered in  many ways by a 20 

person skilled in the art within the scope of the claims. An 

embodiment derived from a proper combination of technical 

means disclosed in dif ferent embodiments is also 

encompassed in the technical scope of the present invention.  

 25 
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Industrial  Applicabili ty  

[0143] 

 The present invention can be applied to ( i )  a method 

and a device for measuring a defect of a member made of a 

magnetic material  and (i i i )  an inspection probe for use in 5 

measurement of  the defect.  

 

Reference Signs List  

[0144] 

 1 Yoke 10 

 2 First magnet  

 3 Second magnet  

 4 Third magnet  

 5 Excitation and detection coil (eddy current f law 

sensor)  15 

 11 Hall element (magnetic sensor)  

 20 Thinning judging section (defect judging section)  

 30 Eddy current f law detecting section  

 31 First detecting section 

 32 First storage section  20 

 33 Eddy current f low computing section  

 34 Detected posit ion identi fying section  

 35 Thinned surface judging section (defect surface 

judging section)  

 40 Magnetic f lux resistance f law detecting section  25 
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 41 Second detecting section 

 42 Second storage section  

 34 Magnetic f lux resistance computing section  

 44 Detected posit ion identi fying section  

 45 Cross section def iciency ratio calculating section  5 

 46 Shape parameter calculating section  

 47 Thinning range calculating section (defect range 

calculating section)  

 48 Calculating section 

 100 Inspection probe 10 

 200 Thinning measuring device (defect measuring 

device)  

 P Magnetic pipe (magnetic member)  

 

15 
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Claims 

Claim 1 

A method of measuring a defect of  a magnetic member, 

comprising the steps of:  

(A)  measuring an output from a magnetic sensor with 5 

use of an inspection probe including a magnet and the 

magnetic sensor which is provided on a magnetic circuit  

formed by the magnet and the magnetic member and which 

detects a density of  a magnetic f lux f lowing through the 

magnetic circuit;  10 

(B) judging whether the defect is ( i )  a front surface

defect occurring to a front surface of the magnetic member, 

which front surface is a counter surface facing the inspection 

probe or ( i i )  a back surface defect occurring to a back surface 

of  the magnetic member, which back surface is opposite the 15 

counter surface; and 

(C) quantitatively evaluating the defect of the magnetic

member by applying, to an output signal from the magnetic  

sensor, an evaluation algorithm which is selected from 

evaluation algorithms set in advance for the respective ones 20 

of  the front surface defect and the back surface defect and 

which corresponds to a result  of  the judging in the step (B).  

Claim 2 

The method as set forth in claim 1, further comprising 25 
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the step of :  

 (D) carrying out an eddy current test of  the magnetic 

member, 

 in the step (B),  whether the defect is present on the 

front surface or the back surface of  the magnetic member is 5 

judged in accordance with a result of the eddy current test.  

 

 Claim 3 

 The method as set forth in claim 2, wherein: 

 the inspection probe includes 10 

  a plural ity of magnets provided so as to form a 

Halbach array along a counter surface of the inspection 

probe, which counter surface faces the magnetic member and 

  an eddy current f law sensor which ( i )  is provided 

on part of  a magnet provided at a center portion of the 15 

Halbach array of the plurality of magnets,  which part is 

located on the counter surface facing the magnetic member 

and ( i i )  carries out the eddy current test;  and 

 the magnetic sensor is provided on a magnetic circuit  

formed by the magnetic member and a magnet that is 20 

provided at an end part of  the Halbach array of  the plural ity 

of  magnets,  and the magnetic sensor detects a density of  a  

magnetic f lux flowing through the magnetic circuit .  

 

 Claim 4 25 
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 The method as set forth in any one of  claims 1 through 

3, wherein: 

 the magnetic member is a magnetic pipe; and 

 in the step (A) , the inspection probe is moved in the 

magnetic pipe along an axis of  the magnetic pipe. 5 

 

 Claim 5 

 The method as set forth in claim 4, wherein: 

 the magnetic sensor outputs a voltage value according 

to a density of  a magnetic f lux; 10 

 the step (C) includes the step of  

  (E)  calculating a cross section def iciency ratio 

that is a ratio of  an area of  a def icient portion to an area of  an 

entire portion of a cross section perpendicular to the axis of  

the magnetic pipe; and 15 

 in the step (E),  the cross section def iciency ratio of the 

magnetic pipe is calculated in accordance with ( i )  a cross 

section def iciency ratio calculating formula which is set in 

advance based on a relat ionship between (a)  a combined 

value obtained by combining output voltage values from the 20 

respective magnetic sensors in a case where a plurality of  

types of defects formed on a test magnetic pipe are measured 

by the magnetic sensors and (b)  each of actual cross section 

def iciency ratios of  the respective plural ity of types of defects 

formed on the test magnetic pipe and (i i )  a combined value 25 
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obtained by combining output voltage values from the 

respective magnetic sensors in a case where the magnetic 

pipe is measured. 

 

 Claim 6 5 

 The method as set forth in claim 4 or 5, wherein: 

 the step (C) includes the step of  (F)  calculating a 

defect range indicative of  a range of  a defect along a 

circumference of  a cross section perpendicular to the axis of 

the magnetic pipe; and 10 

 in the step (F) , the defect range of the defect of  the 

magnetic pipe is calculated in accordance with ( i )  defect 

range calculating data which is set in advance based on a 

relat ionship between (a) a maximum value of output voltage 

values from the respective magnetic sensors in a case where 15 

a plurality of  types of defects formed on a test magnetic pipe 

are measured, (b)  a combined value of  values obtained by 

dividing the respective output voltage values by the 

maximum value, and (c)  each of actual defect ranges of the 

respective plural ity of types of  defects formed on the test 20 

magnetic pipe, ( i i )  a maximum value of  output voltage values 

from the respective magnetic sensors in a case where the 

magnetic pipe is measured, and (i i i )  a combined value of 

values obtained by dividing the respective output voltage 

values by the maximum value. 25 
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 Claim 7 

 The method as set forth in claim 5, wherein: 

 the step (C) includes the steps of  

  (F) calculating a defect range indicative of  a 5 

range of  a defect along a circumference of a cross section 

perpendicular to the axis of  the magnetic pipe and 

  (G) calculating a depth of the defect occurring to 

the magnetic pipe; 

 in the step (F) , the defect range of the defect of  the 10 

magnetic pipe is calculated in accordance with ( i )  defect 

range calculating data which is set in advance based on a 

relat ionship between (a) a maximum value of output voltage 

values from the respective magnetic sensors in a case where 

a plurality of  types of defects formed on a test magnetic pipe 15 

are measured, (b)  a combined value of  values obtained by 

dividing the respective output voltage values by the 

maximum value, and (c)  each of actual defect ranges of the 

respective plural ity of types of  defects formed on the test 

magnetic pipe, ( i i )  a maximum value of  output voltage values 20 

from the respective magnetic sensors in a case where the 

magnetic pipe is measured, and (i i i )  a combined value of 

values obtained by dividing the respective output voltage 

values by the maximum value; and 

 in the step (G),  the depth of  the defect is calculated 25 
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 in accordance with 

  d=r-{r2-S·360/(π·θ)}1 /2  

in a case where the defect is present on the back surface of  

the magnetic pipe, which back surface is opposite the 

counter surface facing the inspection probe and 5 

 in accordance with 

  d={ (r-t)2+S·360/(π·θ) }1/2- (r-t)  

in a case where the defect is present on the front surface of  

the magnetic pipe, which front surface is the counter surface 

facing the inspection probe, 10 

 where ( i )  r  is a radius (mm) of  an outer diameter of  the 

magnetic pipe, ( i i )  S is the cross section def iciency ratio (%) 

calculated in the step (E), ( i i i )  θ is the defect range (° )  

calculated in the step (F) , and (iv )  d is the depth (mm) of  the 

defect.  15 

 

 Claim 8 

 A defect measuring device which measures a defect of a 

magnetic member, comprising: 

 an inspection probe including 20 

  a magnet and 

  a magnetic sensor which is provided on a 

magnetic circuit  formed by the magnet and the magnetic 

member and which detects a density of a magnetic f lux 

flowing through the magnetic circuit ; and  a magnetic 25 
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f lux resistance computing section which is capable of  

quantitatively evaluating the defect of  the magnetic member 

in accordance with an output signal from the magnetic  

sensor,  

 the magnetic f lux resistance computing section being 5 

capable of quantitatively evaluating the defect of the 

magnetic member by applying, to the output signal,  an 

evaluation algorithm which is selected according to whether 

( i )  the defect is formed on a front surface of  the magnetic 

member, which front surface is a counter surface facing the 10 

inspection probe or ( i i )  the defect is formed on a back surface 

which is opposite the counter surface. 

 

 Claim 9 

 The defect measuring device as set forth in claim 8, 15 

wherein: 

 the inspection probe includes 

  a plural ity of magnets provided so as to form a 

Halbach array along a counter surface of the inspection 

probe, which counter surface faces the magnetic member, 20 

  an eddy current f law sensor provided at a center 

portion of the Halbach array of  the plural ity of  magnets,  

  a magnetic sensor which ( i )  is provided on a 

magnetic circuit  formed by the magnetic member and a 

magnet that is provided at an end part of  the Halbach array of  25 
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the plural ity of  magnets and ( i i )  detects a density of  a 

magnetic f lux flowing through the magnetic circuit , and 

  a defect surface judging section which is capable 

of  judging, based on a result of  an eddy current test with use 

of  the eddy current f law sensor,  which of  the front surface 5 

and the back surface of  the magnetic member has the defect,  

and 

 the magnetic f lux resistance computing section is 

capable of quantitatively evaluating the defect of the 

magnetic member by applying, to the output signal,  an 10 

evaluation algorithm which is selected according to a result 

of  the judging by the defect surface judging section. 

 

 Claim 10 

 The defect measuring device as set forth in claim 8 or 9, 15 

wherein: 

 the magnetic member is a magnetic pipe; and 

 the magnetic f lux resistance computing section is 

capable of quantitatively evaluating the defect of the 

magnetic pipe in accordance with output signals supplied 20 

from respective ones of  magnetic sensors while the 

inspection probe is moved in the magnetic pipe along an axis 

of  the magnetic pipe. 

 

 Claim 11 25 
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 The defect measuring device as set forth in claim 10, 

wherein: 

 the magnetic sensor outputs a voltage value according 

to a density of  a magnetic f lux; 

 the magnetic f lux resistance computing section 5 

includes 

  a cross section def iciency ratio calculating 

section capable of calculating a cross section deficiency ratio 

that is a ratio of  an area of  a def icient portion to an area of  an 

entire portion of a cross section perpendicular to the axis of  10 

the magnetic pipe; and 

 the cross section def iciency ratio calculating section is 

capable of  calculating the cross section deficiency ratio of  the 

magnetic pipe in accordance with ( i )  a cross section 

def iciency ratio calculating formula which is set in advance 15 

based on a relat ionship between (a) a combined value 

obtained by combining output voltage values from the 

respective magnetic sensors in a case where a plurality of  

types of defects formed on a test magnetic pipe are measured 

by the magnetic sensors and (b)  each of actual cross section 20 

def iciency ratios of  the respective plural ity of types of defects 

formed on the test magnetic pipe and (i i )  a combined value 

obtained by combining output voltage values from the 

respective magnetic sensors in a case where the magnetic 

pipe is measured. 25 
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 Claim 12 

 The defect measuring device as set forth in claim 10 or 

11, wherein: 

 the magnetic f lux resistance computing section 5 

includes 

  a defect range calculating section which is 

capable of calculating a defect range indicative of  a range of  

a defect along the circumference of  a cross section 

perpendicular to the axis of  the magnetic pipe; and 10 

 the defect range calculating section is capable of  

calculating the defect range of  the magnetic pipe in 

accordance with ( i )  defect range calculating data which is set 

in advance based on a relat ionship between (a)  a maximum 

value of  output voltage values from the respective magnetic 15 

sensors in a case where a plural ity of types of defects formed 

on a test magnetic pipe are measured, (b) a combined value of  

values obtained by dividing the respective output voltage 

values by the maximum value, and (c)  each of actual defect 

ranges of  the respective plural ity of  types of  defects formed 20 

on the test magnetic pipe, ( i i )  a maximum value of  output 

voltage values from the respective magnetic sensors in a case 

where the magnetic pipe is measured, and (i i i )  a combined 

value of  values obtained by dividing the respective output 

voltage values by the maximum value. 25 
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 Claim 13 

 The defect measuring device as set forth in claim 11, 

wherein: 

 the magnetic f lux resistance computing section 5 

includes 

  a defect range calculating section which is 

capable of calculating a defect range indicative of  a range of  

a defect along a circumference of  a cross section 

perpendicular to the axis of  the magnetic pipe and 10 

  a defect depth calculating section which 

calculates a depth of the defect occurring to the magnetic 

pipe; 

 the defect range calculating section is capable of  

calculating the defect range of  the magnetic pipe in 15 

accordance with ( i )  defect range calculating data which is set 

in advance based on a relat ionship between (a)  a maximum 

value of  output voltage values from the respective magnetic 

sensors in a case where a plural ity of types of defects formed 

on a test magnetic pipe are measured, (b) a combined value of  20 

values obtained by dividing the respective output voltage 

values by the maximum value, and (c)  each of actual defect 

ranges of  the respective plural ity of  types of  defects formed 

on the test magnetic pipe, ( i i )  a maximum value of  output 

voltage values from the respective magnetic sensors in a case 25 
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where the magnetic pipe is measured, and (i i i )  a combined 

value of  values obtained by dividing the respective output 

voltage values by the maximum value; and 

 the defect depth calculating section is capable of 

calculating the depth of the defect 5 

 in accordance with 

  d=r-{r2-S·360/(π·θ)}1 /2  

in a case where the defect is present on the back surface of  

the magnetic pipe, which back surface is opposite the 

counter surface facing the inspection probe and 10 

 in accordance with 

  d={ (r-t)2+S·360/(π·θ) }1/2- (r-t)  

 in a case where the defect is present on the front 

surface of the magnetic pipe, which front surface is the 

counter surface facing the inspection probe, 15 

 where ( i )  r  is a radius (mm) of  an outer diameter of  the 

magnetic pipe, ( i i )  S is the cross section def iciency ratio (%) 

calculated by the cross section def iciency ratio calculating 

section, ( i i i )  θ is the defect range (° )  calculated by the defect 

range calculating section, and (iv )  d is the depth (mm) of the 20 

defect.  

 

 Claim 14 

 An inspection probe which inspects a defect of  a 

magnetic member, comprising: 25 
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 f irst,  second, and third magnets provided along an 

outer circumferential  surface of  a yoke so as to form a 

Halbach array along a counter surface of the inspection 

probe, which counter surface faces the magnetic member; 

and 5 

 an eddy current f law sensor provided at a center 

portion of  the Halbach array of  the f irst, second, and third 

magnets,   

the f irst magnet being polarized along an axial  

direction of  the yoke, 10 

 the second magnet being located at one of  opposite 

ends of  the f irst magnet and being polarized along a direction 

in which a radius of the yoke extends, 

 the third magnet being located at the other of  the 

opposite ends of  the f irst magnet and being polarized along 15 

the direction in which the radius of  the yoke extends, 

 the inspection probe further comprising 

 a magnetic sensor which is provided on the opposite 

side of the third magnet from the f irst magnet and which 

detects a density of a magnetic f lux f lowing through a 20 

magnetic circuit  that passes through the magnetic member, 

the third magnet,  and then the yoke and returns to the 

magnetic member. 
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 Claim 15 

 The inspection probe as set forth in claim 14, wherein: 

 the yoke is a yoke which is a cyl indrical  member made 

of  a magnetic material ;  

 the f irst to third magnets are provided ( i )  so as to form 5 

a Halbach array along an axis of  the yoke and (i i )  in a 

cyl indrical  form along an outer circumferential surface of  the 

yoke; and 

 a plural ity of  the magnetic sensors are provided along a 

circumference of the yoke. 10 
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