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Eddy current signal in different frequency 

-3 -2 -1 0 1 2 3
-3

-2

-1

0

1

2

3

In-phase component  max.(V)O
u
t
-
p
h
a
s
e
 
c
o
m
p

 
 

2D scanning image 

 

SCC region 
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渦渦電電流流分分布布		
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Examples of Calculations		
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Examples of Calculations		
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Hysteresis – microstructure influences 
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Harmonic analysis of the magnetic field strength 
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Barkhausen noise and  
Bloch-wall movements 
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No.1 CE  (3.8%CE) 3.05%C, 2.041%Si No.11 Mg 0.00%
No.2 CE  (4.0%CE) 3.17%C, 2.341%Si No.12 Mg 0.02%
No.3 CE  (4.3%CE) 3.44%C, 2.636%Si No.13 Mg 0.05%
No.4  (4.3%CE) 900 No.14 Cu 0.5%Cu
No.5  (4.3%CE) 900 No.15 Cu 1.0%Cu
No.6  (4.3%CE) 900 775 No.16 Cu 1.5%Cu
No.7  (4.3%CE) 900 750 No.17 Cu, Sn 0.5%Cu, 0.025%Sn
No.8  (4.4%CE) 900 725 No.18 Cu, Sn 0.5%Cu, 0.05%Sn
No.9 (4.3%CE) No.19 Cu, Sn 0.5%Cu, 0.075%Sn
No.10 (4.3%CE)
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Magnetic Adaptive Testing  
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Magnetic Adaptive Testing  
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Gabor Vertesy, Tetsuya Uchimoto, Ivan Tomas, Toshiyuki Takagi, Nondestructive Characterization of 
Ductile Cast Iron by Magnetic Adaptive Testing, Journal of Magnetism and Magnetic Materials, Vol.322 , 
(2010), pp. 3117–3121.	
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片状黒鉛鋳鉄の特性は黒鉛形態に　依存するた
め黒鉛形態を推定する非破壊評価手法が必要 
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850 1  

850 1  

Specimen	 Chemical composition (mass%)	 CE	 
(%)	 C	 Si	 Mn	 P	 S	 Cr	 Ti	 

CE4.7	 3.77	 2.78	 0.78	 0.025	 0.015	 0.029	 0.015	 4.71	 
CE4.1	 3.36	 2.15	 0.69	 0.018	 0.010	 0.014	 0.011	 4.08	 
CE3.7	 3.13	 1.66	 0.72	 0.017	 0.002	 0.038	 0.010	 3.69	 



Specimen	 Base metal	 Heat treatment	 Hardness 
	 (HB)	 

CE4.7AS	 CE4.7	 NA (As-cast)	 100	 

CE4.7AN	 CE4.7	 850℃×1h, furnace cooling	 89	 

CE4.7NR	 CE4.7	 850℃×1h, air cooling	 130	 

CE4.1AS	 CE4.1	 NA (As-cast)	 183	 

CE4.1AN	 CE4.1	 850℃×1h, furnace cooling	 110	 

CE4.1NR	 CE4.1	 850℃×1h, air cooling	 209	 

CE3.7AS	 CE3.7	 NA (As-cast)	 207	 

CE3.7AN	 CE3.7	 850℃×1h, furnace cooling	 130	 

CE3.7NR	 CE3.7	 850℃×1h, air cooling	 221	 



 

CE4.7AS	 	 CE4.1AS	 	 CE4.7AS	 	 
200 µmetched etched etched

No etch No etch No etch



Graphite area

Relationship between Graphite 
Forms and Ultrasonic Velocity		
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試験片	

直流の定電流1A 

試験片：円柱型、Φ3mm、高さ30mm 
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Ultrasonic velocity, km/s
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“The Physical Metallurgy of Cast Iron”,  
I. Minkoff, John Wiley & Sons Ltd. 1983 

Model of a graphite eutectic cell in 
cast iron.

Morphology of Flake Graphite		



磁磁化化曲曲線線　　 (10 Hz)		
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Background (2) 

Chill : 
Proeutectic Cementite

Ferrite

Pearlite: 
Ferrite + Cementite
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Magnetic Properties of FCD with Chill 
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Step-bar specimen  with 5, 10, 20 and 30 mm steps

Step-bar Specimens  

Sample C Si Mn P S Cr Ti Mg 
0.1Cr 3.70  2.39  0.24  0.027  0.009  0.10  0.012  0.038 
0.2Cr 3.59  2.27  0.18  0.023  0.006  0.20  0.011  0.037 
0.3Cr 3.49  2.49  0.20  0.021  0.008  0.27  0.011  0.041 
0.7Mn 3.60  2.27  0.73  0.023  0.004  0.02  0.012  0.040 
1.2Mn 3.79  2.42  1.20  0.030  0.004  0.02  0.013  0.041 
1.7Mn 3.57  2.36  1.61  0.027  0.004  0.02  0.012  0.041 

Chemical Composition (mass%)



Evaluation of structures (1.2 Mn FCD) 
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Evaluation of structures (1.2 Mn FCD) 
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69 

保磁力が変化 

磁化曲線と高調波との関係	  

[2 ]
 

角形度が変化 

基本波	

第３高調波 

Potter-Schmulianの式による磁化曲線 

角形度が変化 

保磁力が変化 



3.3	  非線形渦電流法による劣化評価	

70 リサージュ波形	 検出電圧スペクトル	

基本波	

第３高調波 

リサージュ波形、検出電圧スペクト
ルより基本波と第３高調波の比で
ある第３高調波比などの高調波成
分が測定可能 

プローブ 



Evaluation of Hardness and Chill Content 
by Nonlinear Eddy Current Method		

Hardness Chill content 


