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Application of Frequency Fluctuation Analysis
to Barkhausen Signals and its Application
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Ferromagnetic materials are widely used for cars, trains, and ships. Because of their mechanical
properties, iron and steel are popularly used for the frame materials. Nondestructive testing of iron
and steel is an extremely important way of maintaining their mechanical reliability. It is well known
fact that Barkhausen signals are only emitted from ferromagnetic materials having magnetic
domain structures. Also these signals change their properties depending on their past mechanical as
well as radioactive stress histories.

We applied a method of analyzing frequency fluctuations to the Barkhausen signals to detect the
mechanical stresses. We unexpectedly succeeded in finding that applying frequency fluctuation
analysis to the Barkhausen signal made it possible to detect the mechanical stress. This was fact
confirmed by applying our method to the 30 test ferromagnetic materials. Further, the
environmental noise problem essentially accompanying measurement of the Barkhausen signals
were taken into account by applying this frequency fluctuation analysis method to environmental
noise.
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Fig. 3 Typical Fourier power spectra.
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Fig. 5 Exciting coils and U-shaped ferrite yoke core.
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Fig. 6 Fourier power spectrum vs. frequency
characteristics of environmental noise.
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Abstract

The Color vocabulary in “Gingatetsudo no Yoru” was examined by the discrete wavelets multi-
resolution analysis. The aspects for analysis has employed following three elements of colors: “Ginga”,
the galaxy which represents a white color, “Black” a color to be opposed to the galaxy and “Blue”
which is well known as the main color of Miyazawa Kenji.

As a result, it is verified that “Blue” is divided with “Black” and become a peculiarity color
in this work. However, the luminosity is low comparing with “Black”; “Blue” do not stand out so
much in the visual or phenomenal world.

Keyword: Ginga, Black, Blue, Multi-resolution analysis, Wavelet transform
1. Introduction

The motivation behind this paper is to investigate the color vocabulary in the literary work. The
discrete wavelets multi-resolution analysis has been applied to clarify the meaning and relation of
“Ginga(galaxy)”, “Black” and “ Blue” in “Gingatetsudo no Yoru (Night of Galaxy Railway) ““.

Kenji Miyazawa (1896~1933) was born in Iwate Prefecture, graduated Morioka advanced
agriculture and forestry school and its research course. The conflicts with father concerning the belief
brought him to Tokyo. Afterwards, he returned home taking the opportunity of younger sister Toshi's
sickness, and became a teacher at the agriculture school.

“Ginga” in “Gingatetsudo no Yoru” is a symbol [1] of Kenji's heaven or space and it is related to
white color and light [2], [3]. White and the black appear alternately [4]. Also, “Ginga” expressed with
white and light occupy an important position with the black, not only shows the contrast but also
intertwines to other images as well as motif in the work [5]. “Blue” is Kenji's keynote color [6], and
number of vocabularies concerning color used by Kenji is more than 100. In particular, “Blue” is the
most frequently used color; also it is pointed out the tight relations with Kenji's spirits [7]. However,
the style structure of each word has been neglected. The style analysis will be focused on more
attention in this research, to which a mathematical method is employed to make the style structure of
“Gingatetsudo no Yoru” more visible by increasing the objectivity of the otherwise subjective data.
Thus, the discrete wavelets multi-resolution analysis has been applied to clarify the relation of
“Ginga(galaxy)”, “Black” and “Blue” in the whole work.

2. Method of Analysis
2.1 QOutline of text

In this paper, the elements, i.e. color terms, for analysis are selected from the book: “The complete
works of “Shin kohon Miyazawa Kenji”[8].
The outline of the final type of “Gingatetsudo no Yoru” is as follows.
1. The Afternoon Class

11™ Asian Symposium on Visualization, Niigata, Japan, 2011. 1
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Every day Giovanni delivers newspapers in the morning and goes to the printing works in the
afternoon. So it is not possible to concentrate on study. He is sleepy and is difficult to answer the
question of teacher about galaxy. Zanelli laughed to him and Campanella never answer sympathizing
with Giovanni. Teacher explained about galaxy and said to his students to go outside because that
night is for the Festival of the galaxy.

2. The Printing Works

After school, Campanella and Zanelli prepared for Festival but Giovanni goes to the printing
works in the town. The work finished and Givanni got one silver coin. After buying cube sugar and
bread, he returned to the home in the evening.

3. At Home

He lived with sickly mother and was waiting his father who should have gone to the north to
catch fish. Zanelli rumored that Giovanni's father was in the prison, and bantered that he will return
with the souvenir of otter's jacket. Giovanni goes to the town to get milk that had not delivered and
to see the Festival of the galaxy.

4. The Night of the Centaur Festival

Giovanni drove down an incline like the locomotive then he met Zanelli. He bantered Giovanni
again. Arrived to the clock and watch shop, where there was a round black disk. In the town Giovanni
met class mates, who bantered him. Giovanni feels lonely and climbed black hills.

5. The Weather Pole

Reaching the foot of the pole at the summit, Giovanni threw himself down panting on the cool
grass. The galaxy flowed from the south to the north and the night train was running in a far
uncultivated field in the sky. The light of the town looked like stars, and Giovanni entered the dream.

6. Galaxy Station

Suddenly a voice saying “Galaxy Station” came from somewhere, Giovanni noticed that he
was in the train and Campanella was sitting directly in front of him. The train is running in the side of
Cygnus near the Galaxy and going down toward the south.

7. The Northern Cross and the Pliocene Coast

At the Swan Halt, Giovanni and Campanella got off the train and went to “Pliocene Beach”,
picked up a walnut and saw a thick geological stratus.

8. The Bird-Catcher

The Bird-Catcher got into the train. He made candy with birds that hi had caught in the Galaxy.
Giovanni ate the pressed herons. It tasted nicer than chocolate.

9. Giovanni's Ticket

When the conductor came to check the ticket, Giovanni showed green paper. It was the ticket
with which he was able to go even to heavens. The Bird-Catcher had got off a previous station, and the
young man with fragrant of the apple got into the train accompanying with boy and boy’s elder sister.
They said that as their ship had wrecked they came here. When Campanella was speaking only with
the elder sister, Giovanni felt the sense of alienation. When the train passes by the place the land of
Colorado, they met Indians. Further, they saw the bridge-building, blasting, and twin stars and
scorpion fire. At Southern Cross, the young people get off the train. When tow boys were alone,
Giovanni asked Campanella to go to search true happiness for everyone together. Suddenly
Campanella disappeared in the coal sacks. At the same time Giovanni on the grass waked up and cried
intensely. Giovanni returned to the town, and knew Campanella had dead by self-sacrificial for saving
Zanelli who had in the river. At that moment Campanella's father informed Giovanni about his
father's return from the sea.

2.2 Selection of the Element and Plan
The objective of this analysis was to visualize the element pattern in this work. The elements are
selected by the author through reading. Table 1 is a result of selected elements, Table 2 is an

explanation about selected elements and Table 3 is the examples of the sentences in which appeared
each element. The element pattern was revealed through the analytical process; three elements
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selections, Gram-Schmidt method and the multi-resolution analysis of wavelets. The wavelet analysis
theory requires two steps:

1) The elements meaning “Ginga”, “Black” and “Blue” were selected and their frequencies in
usage were counted from each chapter.

2) These data were analyzed by this method for visualizing the dominant elements.

Table 1 Number of Elements.

Chapter Ginga Black Blue
1. The Afternoon Class 27 3 1
2. The Printing Works 1 0 2
3. At Home 1 0 1
4. The Night of the Centaur Festival 6 6 4
5. The Weather Pole 6 3 3
6.Galaxy Station 7 3 9
7. The Northern Cross and the Pliocene
4 3 6
Coast
8. The Bird-Catcher 4 3 2
9. Giovanni's Ticket 30 22 21
Total 86 43 49
Table 2 Selected Elements.
Element Example
e Galaxy, White collar,

No.1 Element “Ginga Light glistens tc.
No.2 Element “Black” Black collar, darkness etc
No.3 Element “Blue” Blue collar, blue light etc.

Table 3 Examples of elements
Element Example

Now, boys — what about this vague white blur that, as I just told you,
?
What was it the twin stars did?
The face of the young man in black was alight with joy as he answered
No.2 Element the girl.
“Black” “No, I wouldn’t be afraid to go down into that great dark hole, even, he
said, “because I’'m going in search of true happiness for everyone! ....
A man in a blue apron went past behind Giovanni.
The yellow one would gradually retreat to the far side, while the

No.1 Element
“Ginga”

No.3 Element

“Blue smaller, blue one would come around to the front; ...
2.3 Wavelet Analysis
The concept of the vector is used for the elements of “Ginga”, “Black”, and “Blue”. “Ginga” is

assumed to be a reference vector; all vectors are orthogonalized and excluded the overlapping
elements by Gram Schmidt method. After that, the orthogonalized vectors are regularized in a unit
norm.
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The wavelet multi-resolution analysis is applied to the regularized data. In this study the
Daubechies 2™ order base function is adopted as the base function to be able to understand the
meaning of the operation processing.

The number of data handled by a discrete wavelets multi-resolution analysis should be
composed of the power of 2. Therefore, the data vector consists of the n=16 piece of elements. This
vector is composed by elements from the beginning till the 9 of the value of Table 1, and the value of
seven remained elements is 0. The vector obtained by this way is assumed to Y. In addition, W is a
wavelet transform matrix.

A wavelet spectrum vector S is given by

S=wYy (D
where W 1is the wavelet transform matrix.

In case of applying the discrete wavelets multi-resolution analysis, especially Daubechies 2"
order base function is adopted , first level of wavelet spectrum (excluding the first one element of
wavelet spectrum vector S; the rest of elements is assumed to be 0) corresponds the mean value of all
elements. The second level (remaining only the second element of wavelet spectrum vector S; the rest
of elements is assumed to be 0) shows the rate of change when all data is divided in the first half and
the latter half. The third level (remaining the third and fourth elements of wavelet spectrum vector S;
the rest of elements is assumed to be 0) means the rate of change divided all data into four. Therefore,
when the number of data is n=2%, the (X+1) level means the difference between adjacent elements.

For example, when the vector of (1) is given by

SN

Y= 2

9

U

In this case, the wavelet transform matrix employing the Daubechies 2™ order base function is
given by

o111
1 I TS TS R

"=IE 2 0 o 3)
0 0 2 2

From (1), wavelet spectrum vector S wave let Spectrum S is given by

a+b+c+d
1| (@a+b)—(c+d)
523 V2(a-b) @
\/E(c—d)

Therefore, the level 1 of the wavelets multi-resolution analysis by this example as follows:
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0
0
[a+b+c+d
a+b+c+d

N

a+b+c+d

la+b+c+d

In the same way, level 2 and 3 are given respectively by (6) and (7).

0 | Ta+b+c+d
0 0
] o
-2 0

D(l):WTs(Z)

11 V2 o
111 20
41 0 2

1 -1 0 —2

[ a+b—(c+d)

1| a+b—(c+d)

T 4| ~(a+b)te+d
| —(a+b)+c+d
D? = w’s®
11 V2 o
111 20
41 a1 0 2
1 -1 0 =2
[ a-b
1| —a+b
:E c—d
| —c+d

Moreover, from the (5) to (7) consist as follows [9], [10], [11]:

Y =D"+D"+D?
a+b+c+d

1la+b+c+d

4| a+b+c+d
a+b+c+d
a->b

a
b
2l c=d | |c
d

1

0
a+b—(c+d)

' 0

0

' \/E(a—b)
2(c—d)

a+b—(c+d)
a+b—(c+d)

+_
4| —(a+b)+c+d
—(a+b)+c+d
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The wavelets multi-resolution analysis is applies the same way as mentioned above.

3. Results and discussion
3.1 Elements of this story
Fig.1 shows the result of level 4 of the wavelet multi-resolution analysis. In Fig. 1, the horizontal and

vertical axes correspond to the magnitude and the number of the chapters of three vectors, respectively.
In this figure, the level 4 by multi-resolution analysis of wavelets which is divided equally the

story by 8, is chosen for discussions. In this paper we call 1 and 2 chapters the first part, 3 and 4
chapters the second part, 5 and 6 chapters the third part, 7 and 8 chapters the fourth part and 9 chapters

the fifth part.

Magnitude Level —> 4
===
1 [}

o I\
051 ; Ef_l
. i :
._.L, Ao~
—— %‘S{ ) Chapter

Fig.1 Level 4 of the discrete wavelets multi-resolution analysis:

patterns of 3 keywords.
Solid: Ginga, Dotted: Black,
Alternate long and short dash: Blue.

“Ginga” and “Blue” are high; on the contrary “Black” is low in the first part. “Black” is high
and “Ginga” and “Blue” are low in the second part. In the third part, same tendency with the first part

but “Blue” is higher than “Ginga” and “Black” is low. “Ginga” and “Blue” have decreased in the
fourth part and “Black” has increased. In the fifth part, the end of the story, all elements increase, and

the change in the frequency rises gradually.

3. 2 Results of “Ginga” and “Black”
From the fitst part to the fouth part “Ginga” and “Black” are different tendency but in the fifth part

both are increasing.

The relation of “Ginga” and “Black” are contrary in the first and second part. The third and
fourth parts, the change of frequency decreases. In the fifth part, both elements increase more than
before, “Ginga” increases much more in case of “Ginga”.

In the first and second part indicates the absence of father, the sickness of mother, and

problem in economy and human relations with his classmate. From the third part, Giovanni has
entered the dream, and the contrast of elements becomes small from the third and fourth parts. When

the train travels in the starts in the fifth part, contrast of elements disappears. The contrast of “Ginga
and “Black” has disappeared from suffering of the reality to ideal dream world.

3. 3 Results of “Ginga” and “Blue”
From the first part to the fifth part “Ginga” and “Blue” synchronize and in the fifth part both are

increasing rapidly

11™ Asian Symposium on Visualization, Niigata, Japan, 201 1.
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In the first part, the teacher asked Giovanni about “Ginga”, but he hesitated to answer. He had
the memories that Campanella had a toy train attached a signal on rail and the signal became blue
when the train went passed in the second part. Ginga and the stars are shining in a blue corollary in the
third and fourth part. The galaxy shines in blue in the world of dream more greatly than that of reality.
Entering into deeper world of dream, “Ginga” increased more than “Blue”

3. 4 Results of “Black” and “Blue”

From the first part to the fourth part, the curve of “ Black “ and “Blue” move contrary and in the fifth
part both are increasing rapidly.

In the real world, the big map of the constellation, the round disk shown the constellations, the
gate of the milk shop are all black and bantered by Zanelli, Giovanni started running for the black hills
in the first and second part. In the third and fourth part, at the galaxy station, with an announcement
there was a flood of light. Inside the carriage, the seats were covered with blue-velvet and Giovanni
met Campanella sitting in front of him in a black, wet-looking jacket. Stars were shining and flashing
out of the train. The contrast of “Blue” and “Black” gradually disappears in the fifth part from
suffering of the reality to the dream world.

4. Conclusions

(1) “Ginga” and “Black” have almost opposite tendency and the exquisite contrast of both elements
are visualized.

(2) Almost similar tendency was seen in the “Ginga” and “Blue”. When the hero entered the dream
world, “Blue” changes more greatly.

(3) The tendency of “Black” and “Blue” are contradiction. In the sight and the phenomenal world, the
difference of “Black” and “Blue” doesn't stand out because their luminosity is low. However, “Blue”,
the base color of this work, is separated from “Black” and become a peculiar color. This means the
writer created an original world which is different from the sight and the phenomenal world through
the characters.

(4) The movement of feeling of hero and many layers structure of three elements “Ginga”, “Black”
and “Blue” are clarified from the beginning till the end by applying discrete wavelets multi-resolution
analysis.

(5) The key words of “Ginga”, “Black”, and “Blue” which had been obtained by the previous works
were given objectivity by applying the discrete wavelets multi-resolution analysis and visualized the
result.
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Transformers for Contactless Power Suppliers
- Signal Transmitting Use -

K R (EAER), HEEE GER)

Tatsuya OHASHI (Stu. Mem.), Yoshifuru SAITO (Mem.)

Contactless power supplier is composed of a transformer having the distinct primal and secondary coils
scparated by air gap. Because of the clectromagnctic compatibility problem, it is essential 1o keep the leakage
magnetic ficlds around the contactless power supplicr as low as possible.

This paper carries out the wavelets multi-resolution analysis to the magnetic ficld distributions around contact
less power supplicr.  As a result, we have succeeded in obtaining one of the core shape designing policics by
obscrving the wavelets spectra of measured magnetic field vectors distributions. Furthermore, it is revealed that a
tested trial transformer gives ncarly 80 percent power transmission ecfficiency even though the primary and

sccondary coils are separated by 10mm air gap.

Keywords:  contactless power supplicrs, magnetic field visualization, wavelets multi-resolution analysis.
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Fig.1 U shape ferrite core transformer.

Fig.2  Flat shape ferrite core transformer.
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Fig.3 Magnetic field vector distribution around
the U shape ferrite core transformer.

Fig4 Magnetic field vector distribution around
the flat shape ferrite core transformer.
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Fig.5 Wavelet spectra of the transformer employing
U shape cores.

Fig.6 Wavelet spectra of the transformer employing
flat shape cores.
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Fig.7 The wavclet multi-resolution analysis results of the

transformer cmploying U shape cores.
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(b) LEVEL 2

(¢) LEVEL3
Fig.8 The wavelet multi-resolution analysis results of the

transformer cmploying flat shape cores.
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Fig9 Axis-symmetrically FEM modeled transformer
employing flat shape cores.
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Wavelet spectra of the axis-symmetrically FEM
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Fig.12  The wavelet multi-resolution analysis results of the
axis-symmetrically FEM modeled transformer

employing flat shape cores.

Fig. 12 &3¢, W e mz Fig8(e)REh T a1

&wsmﬁﬁ&&bwﬁﬁﬁm&z4ww&uﬁﬁT
5ﬁn&mﬁm%ﬁwaéaT&b%‘$ﬁ@%E
%f—&-:mz4wumﬁ¢éﬁﬂﬁiu¢x—7
Vybzﬁﬂ&mﬂﬁwv&wZWﬁi?&%zan
3,

YL Lowgns, & Rl e e s
“%7x—7Vybe&b§Aﬁ#&6:tﬁw
BRL7-,

4 EEROHERHE
44 HERE

%E%@ﬁ%mvﬁ%mgaﬁﬁ%%?%éﬁé
%ﬁu%%&Tﬁ<o%E%®—&':&ﬂ4w§
ﬁy3h%¢@%%?wf#i%&.ﬁy4m%¢%
ﬁémb4yw—yyz%wa¢5:efx@ma

AR« AR E B,
[+
d

Fig.13  Circuit model of transformer.

=
7

b

0
a b [ d
ME) Ls
[ ] [ ]
o‘m_o —0
a b [
=H6 Lo

Fig.14  Series connection of the primary and secondary
inductances.

Lo=L+L,+2M,
Ly=L +L,-2M,

M=2n L, ©
4

k=M
LL,

~ 589 -




Table 1 (O FEH 7 =74 b+ 3 PO R LT
4, Table | DFERMND. PR T =74 b3 A k4l
WIS EEHE Smm FREOT 7Xy v THFEL
- L EE ORI 0% HBEX D b4y e BE RS O A HERT
LTAHZ LD,

Table | Coupling factor of the transformer employing flat
shape cores (frequency: 30[kHz)).

Gap(mm]] 0 | 3 5 7 10

L,fuH] | 578.6 | 3482 231.1 | 181.6 | 169.9 | 133.9

Li[uH] | 572.7 348.1 | 229.4 | 181.0 | 168.3 133.3

L[uH] |2297.4| 13582 881.8 | 669.4 | 617.6 | 4508

LjuH] | 169 | 26.1 414 | 560 | 61.1 | 843

K 099 | 096 | 091 | 0.84 082 | 0.69
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Fig.15 Parallel capacitor at sccondary winding.
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Table 3  Efficiency of power conversion (R: 1[Q]).

C[nF} AA WY | A W] hE (%]
20.00 1.97 1.48 75.00
39.98 2.20 1.76 79.88
59.87 2.29 1.61 70.20
79.45 3.28 1.82 55.41
99.03 2.93 1.7} 58.36
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Coreless Transformer for Signal Processing
filg T CRER), BB O GERD
Takumi [SHIZUKA (Stu. Mem.), Yoshifuru SAITO (Mem.)
Previously, we had succeeded in realizing the DC/DC converter employing coreless film transformer. Although
this converter was a laboratory work, the maximum efficiency recorded over 72%. This means that the coreless
transformer could be used for all of the lightest clectronic devices.

This paper plans to work out a designing strategy of the coreless transformer and to demonstrate several
experimental results concerning the tested coreless transformers.

Keyvwords:  applied magnetics. corcless, transformer, skin eftect. Nagaoka coefficient. inductance.
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A Proposal of Frequency Fluctuation Signal Processing

ik kT (ER)

Yoshifuru SAITO (Mem.)

Most of the signal processing is based on the Fourier transform or its modificd ones. Recently, wavelet transform
has been focused on the new possibilities for signal processing, even though selection of the optimum wavelets base

functions requires a lot of experiences.

As one of the signal processing methodologies, this paper proposes a frequency fluctuation signal processing
method. In particular, 1/f frequency fluctuation is extensively well known and famous characteristic accompanying
natural phenomena giving healing cffect. Generalization of this 1/f frequency fluctuation to the 1/f* Icads to a new

signal processing method.

To demonstrate the usefulness of frequency fluctuation signal processing method, one of the natures of
Barkhausen signals associated with the magnetization of ferromagnctic materials is derived.

Keywords:  frequency fluctuation, signal processing, Barkhausen signal, stress cognition.
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Fig. 9 Fluctuation frequency difference between the 3kg
stress and no stress at the center of tested soft-iron sheet,
30 distinct results average.
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HERIEFNIRIC & AL DFEE

Magnetization Characteristics Evaluation by Dynamic Image Signal Processing

ik e (GER)

Yoshifuru

SAITO(Mem.)

Previously, we have succeeded in visualizing the magnetic domain dynamics by the scanning type electron
microscope as well as Bitter methods. Further, we have extracted the local B-H loops from the visualized domain

dynamic animations.

This paper visualizes the magnetic wall dynamics of ferromagnetic materials when impressing the perpendicular
and longitudinal alternating magnetic fields to the thin fat shape specimens and extract 1/f fluctuating frequency
characteristics in cach of the magnetized directions. As the result, it is clarified that the perpendicular magnetization
characteristics are carried out in a quite different manner comparing with those of longitudinal ones. And also, this
suggests that the local iron loss distributions are greatly depending on the magnetized directions 10 the materials.

Keywords:  ferromagnetic materials, magnetic wall dynamics, 1/f fluctuating frequency. iron loss, Bitter method.
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(a)Entire measurement
system
Fig.1 Experimental devices for the basic Bitter method.

(b) Exciting coil and yoke



Fig. | \ARTIZECHIN L 7= S0 & 1= 1 L %
A

(d)Nickel.
Fig.2 Sample flame images of dynamic magnetic domain
walls

(c)Permalloy 45%.
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(a)Soft iron. (b)Silicon steel.

R -

(c)Permalloy45%. (d)Nickel.
Fig.3 B-H loops of the tested magnetic materials.
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Fig.4 Observation points of the dynamic magnetic domain
wall movements.
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(d) Point 1.

(¢) Point 5.
Fig.5 Flame images of magnetic domain walls at each
of the positions: 0,2.@,@ and & in Fig4.

Sample: Grain Oriented Silicon Steel.
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(c) Point

i

. : ! lg:"‘r"f’} byt
(d) Point ). () Point (5,
Fig.6 Flame images of magnetic domain walls at each
of the positions: 0,@,@.@ and @ in Fig.4.
Sample: Non-Oriented Silicon Steel.

(d) Point (. (¢) Point 3.

Fig.7 Flame images of magnetic domain walls at each
of the positions: D,0,@,@ and & inF ig4.

Sample: Permalloy45%.
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Fig.8 Typical Fourier power spectrum.
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~ (b) Point @. (c) Point 3.

(d) Point @. (e) Point &.
Fig.9 Extracted 1/f frequency fluctuations of the
non-oriented silicon steel. 0,@.@.® and ® refer
to the sampled points in Fig.4.
White point denotes 1/f frequency pixel.
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Fig.10 Extracted 1/f frequency fluctuations of the
non- oriented silicon steel. D,@.3.D and ® refer
to the sampled points in Fig.4.
White point denotes 1/f frequency pixel
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Fig.11 Extracted 1/f frequency fluctuations of the
permalloy45%

D,2.3,@ and @ refer to the sampled points in
Fig.4. White point denotes 1/f frequency pixel

Table | 1/f frequency fluctuation characteristic of the grain
oriented silicon steel

Observed Points 1/f Fluctuation Rate.
® 6.11%
® 1.24%
® 14.13%
@ 1.76%
® 9.43%

Table 2 1/f frequency fluctuation characteristic of the
non-oriented silicon steel.

Observed Points }/f Fluctuation Rate.
) 5,65%
&) 3.34%
® 10.82%
@ 4.84%
® 10.23%

Table 3 1/f Frequency fluctuation characteristic of the
permalloy45%.

Observed Points 1/f Fluctation Rate
® 5.40%
@ 0.08%
® 10.69%
@® 0.05%
& 3.36%
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Fig.12 Experimental device for the local magnetization
characteristics measurements

(a) Point (T, (b) Point 2,
Fig.13 Flame images of dynamic magnetic domain walls
at each of the positions: @ and® in Fig.12.

Sample: Soft iron.
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#HAXEIRE EW (SS0E

New Resonance Type ECT Signal Processing

g R GER)

Yoshifuru SAITO(Mem.)

Eddy Current Testing (ECT) is extensively used to inspect such as nuclear power plants,
airplanes, clevators, iron bridges, and escalators without any destruction.

This paper proposes a new resonance type ECT sensor system, which makes it possible to
detect the defects of metallic plate with higher reliability compared with conventional resonance type
ECT. Several cxamples demonstrate that this new resonance type ECT sensor has versatile sensibility

compared with that of conventional ones.

Kewwords: eddy current sensor, resonance wire connection.

1 #%E

TLR—PRLAHL—F S HITHER. P,
- F )5 e ¥ OIS & D BIRAEHO R
L AMROT-OICED TRERENTH S, i
J. BMEOLOOMEFEMEL L LT, MBS —
Ve, I, oI ERDHY . TR HOEREEIH
+7 FE E LCOFEEREENT LS 5. SO
AL U, BT, MO, BRI, e
PRAHVLLNTWS, ZOPT, BFRIZESEEO
FERESERR AT IR AV EL (B BWE LV BRI, IR %
BAM SIS EALENSH D, O TIEX
PHOELC & D AR A G SO LB B 5,
FOMBU T L 2 H T, RRtEORLEN O BHFROIY
P Mo~ EOBHERBE I N TV A T2, [ RIZHRY
BEBRD,

SIROIEREERA L LT ERCA T ECT &BRid)
12 B R AT G b RO LA A < bR
ARG TR iR (RN T R D, —H7, il
WALD HINC & > TRBHO KA BT & 220
LinZ, LnLZeass EO e < AT
KR THD Y, MOIMBERA g LT
Rk 2 A3 50

A SCCHEERT AR ECT Lo Y dhhiia A L
DO WA L A v & — ¥ o ARG
ERE . Wi Jkd,T184-8584 /BT REFET 3-7.2, ik
B R T TR,

e-mail: ysaito@hosci.ac.jp

R H NG

LR DA ROYIE KE L TEET 5 2 & 2
_TWARL Fhabh. BiREa A A O AN D RIC
SR A IEASEIRE 2 A L L RERIWICAE O Lo Bt g
NY Iy I EORMERMT A ZEE2RHLIZE S
YThD,

AT, BRE YV /A FER a4 24
WD A MR v 3 F U A EHRAVIRISED
SRR ECT v A 8T H[34), #2575 MK
gk ECT o & Dl KIRDRARAL L 1
SRIDZ 1 & Pl U | 2 5 SRR ECT L1
FHE A RSN BT S 2 L AT .

2 HERECT

2.1 J5E

{b) Copper plate with
1mm Thickness

(a)Coil

1 mm

Imm
(c)lmm Airgap

Fig.l Tested ECT coil and measurement conditions
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Fig.2 Frequency characteristics of the impedance and phase.
(1).(2) and (3) denote the proposed resonance type located
at no target, target with no defect and target with slit
regarded penetrate type defect, respectively.
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Fig.3  Principle of a resonance coil connection.
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Fig4 Comparison of the normal with resonant coil
connections.
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Table I  Specification of a tested sensor coil.
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Fig.5 Resonant frequency characteristics of the tested
resonance type ECT senor together with conventional
solenoidal one. (1) and (2) denote to the proposed
resonance type and conventional one, respectively.
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(a) Tested sample: SUS316

260mm

(b) Sccmatic iagram of the measurements

Fig.6 The tested target metallic shect
with a rectangular defect.
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(b) Resonant frequency defections

Fig.7 Defect searching results. (1), (2) and (3) refer to
the proposed resonance type, conventional resonant
type and regular ECT, respectively.

Fig.7 (X Fig.6 ORI BET MR LTI, it
$2 33 L OSEE D ECT £ & AV TRIER L
W AoTd, WEAET 2.5mm FERT 21 KTH L.
I =T, Fig7 O#ETA B — 5 R LRI
TR THY . R TER LT, Q) TRHEMIT
MTETE L7 WE A ORI DA B — & v A & HRE
B THD.

&llaagigﬁdﬁﬂﬂ < 100{%] @)

Fig.7 C. FERUITIHEAMH ECT, SHILIEROMN
P ECT & O ICH T« itk 10kHz OWH%

B =

ECT. 2N ENOEHEERTH D, ORI, il
w0 BECT T, 1A Y KAMNBINNETHD Z &
Bbing, o, kO ER ECT Thk. SN A
9E < BB RIS KT & A, fh)s, AT S
FERsEEUE ECT (X, fEM oA ECT L L T
SRR RSO A L e — 2 A TIRIED 5
I B S ) S R T o/ RV

32 IEHE RN

Table | {SRTAME YL /A4 FRIOET ¥ %
UL T, Fig8(a) 2w SCCUE NI el R E %
159, WEOBMEMECIUE AREL FTREO LD
HEREECh A ENREAL LEITT 5, — .
—ANCEEOMEOHEL, BIXIERT L AR, HD
OB S, T TSRS TE .,
BEROEIT 2T D, Zo X 7eEHT, Jlok
DISA LSRR OM AN T, MERCRREL
L. ZORZMNEH & IERTHABEN KD 2 &
N AH, OB I NIE K (SCC : Siress

Corrosion Cracking) & #:A, TV 5., Fig.8(b)i% SUS304
AU SCCORBEHRET A THS.

1 Scale=0.4mm

(a) Tested sample: SUS304
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{b) Schematic diagram of the measurements

Fig.8 Modeling of the tested target metallic sheet with
SCC Defect.
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(b) Resonant frequency defections

Fig.9 Defect scarching results of SCC. (1),(2) and (3) refer
to the proposed resonance type, conventional resonant type
and regular ECT, respectively.
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(b) Schematic dlam of measurement

Fig.10 Modeling of the welded lamination plate and
measurement conditions.
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Fig.11 Impedance deflection at the point 1(No defect).
(1),(2) and (3) refer to the proposed resonance type,
conventional resonant type and regular ECT, respectively.
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Fig.12 Impedance deflection at point 2 with 3mm depth
defect. (1),(2) and (3) refer to the proposed resonance type,
conventional resonant type and regular ECT, respectively.
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Fig.13 Impedance deflection at point 3 with Smm depth
defect. (1),(2) and (3) refer to the proposed resonance type,
conventional resonant type and regular ECT, respectively.

Fig.14 {X. Fig.10()T, &S 5mm DR D B IS
3zt U CIEEM OB THRE LIRS THD,
mnw%ﬁﬂﬂﬁ%kmoﬁﬁéﬁmbrwéﬁﬁé
%Té#ﬁﬂ%ﬁﬁﬁﬂ@&ﬁﬁ%@%ﬁ@ﬁm”t
L L L TH 5 ESRETD D,

PLEDRERD S, WEO ECT #i3R 10 R E
Blo k> TELNI-AREY BoORBICH L CESTH
%= Livbhd, o, tEkOIHER ECT HURIS
KRR TE RV, ), BRYD SRR
ECT 1. il% o ECT RiekBnIRE! ECT L

Lfﬁﬁﬁﬁ&‘%ﬁﬁDJVE'yyxﬁﬁmﬂm
R ChH BT, KFAORMEFHETEL TS
Z bbb,

-0.5

-1.8

-2.§ —_— )
S S A 04]

Fig.14 Frequency deflection at point 1 with 5mm depth
defect. (1) and (2) refer to the proposed resonance type and
conventional resonant type ECT, respectively.
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