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Fatigue Evaluation Based on Chaotic Attractors of Barkhausen Noise
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This paper presents a fatigue evaluation of steel
plates based on chaotic attractors of Barkhausen noise.
The fatigue and degradation of magnetic materials
affect the magnetic domain. Hence these can be
evaluated by Barkhausen noise. Barkhausen noise
from magnetic materials is a very complicated wave.
Thus we need a special evaluation method to use it.
The quantitative change of Barkhausen noise after a
fatigue stress test can be found by the fractal
dimension of the chaotic attractors constructed by the
measured Barkhausen noise.
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Fig. 1 Structural steel plate for bending fatigue test.
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Fig. 2 Sensor to measure Barkhausen noise.
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Fig. 3 Measurement system for Barkhausen noise of
fatigued steel plates.
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Fig. 4 Correlation integral depending on increase of
embedding dimension m.
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Fig. 5 S-N curve of bending stress.
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(d) 320 MPa, 60,000 times
Fig. 6 Barkhausen noise before and after fatigue test.

5 5
4 4
3 3
2 2
1 1
Yol L
&0 20
-1 -1
-2 -2
-3t -3 +
-4 -4 7. '|L_
-5 5 1 1
2 1 4

.
wn
A
Ak
,
G-
,
Np-
.
L

hotofeebetodeob
! [ I}
5-4-3-2-101 2345

X, 3

Co o N
N & WN =20 =2 NWLH O
T T

(c) 320 MPa, 40,000 times  (d) 320 MPa, 60,000 times
Fig. 7 Constructed attractor from Barkhausen noise
before and after fatigue test.
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Fig. 8 Graph of correlation integral before and after
fatigue test.
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Fig. 9 Relationship between number of applied stress
cycles and correlation dimension.
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Fig. 10 Crack observation on fatigued part after
60,000-time cycles (x 50).

STELERHETZENTE Moz,

@SN I NGB ) A APSBRERENDT T2 #13,
EHESWICL > TEDOBRMBET 223, TOBRMS
EHESVWETERMICGTEMT A2 ETICREL o T,
@R NI Ly ) A XOHEBERTEFARBZ LiIcL -
T, BHFEAVEHEBERTHLERNRBEERNH D Z 445
Mmool

X #&

1) M. Enokizono and A. Nishimizu: J. of Magn. Magn. Mat.,
133, 599 (1994).

2) M. Enckizono, T. Todaka and Y. Yoshitomi: J. of Magn.
Magn. Mat., 215-216, 43 (2000).

3) Y. Tsuchida, Y. Yoshitomi and M. Enokizono: /. of Magn. Soc. of Jpn.,
25, 1099 (2001).

4) V. S. Gornakov, V. I. Nikitenko, I. A. Prudnikov, and V. T.
Synogach: Phys. Rev. B, 46, 10829 (1992).

5) H. Okuno and T. Homma: IEEE Tkans. Magn., 29, 2506 (1993).

6) T. Shimojo: Chaos rikigaku nyumon, (Kindaikagakusya, Tokyo,

1992).

7) P. Berge, Y. Pomeau and Ch. Vidal: Lordre dans le Chaos, trans. into
Japanese by Y. Aizawa (Chaos no nakano chitsujyo, Sangyotosho,
Tokyo, 1992).

8) K. Aihara’ Chaos seminar, (Kaibundou, Tokyo, 1994).

9) T Ikeguchi, T. Yamada and M. Komuro: Chaos jikeiretsukaiseki no
kiso to ouyou, ed. by K. Aihara (Sangyotosho, Tokyo, 2000).

2001 4F 10 A 09 B3, 2002 4 02 A 07 A&

- BALAMSFELE Vol 26, No. 5, 2002

NI | -El ectronic Library Service



