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Hysteresis — microstructure influences
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Harmonic analysis of the magnetic field strength

Time signal of
Hy tangential field strength
Time signal of A
uprer harmonic component
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Magnetic Adaptive Testing

Traditional descriptors

Hc’ BM’ BR’ vax -

Arbitrary descriptors
B(h_[i], h,[j])

sweeping field, h_
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sweeping field, h,

loop amplitude, h - field coordinates
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No.l |CEfE (3.8%CE) 3.05%C, 2.041%Si |No.11 | Mg 0.00%

No.2 |CEf# (4.0%CE) 3.17%C, 2.341%Si  |No.12 | £ Mg & 0.02%

No.3 |CEfH (4.3%CE) 3.44%C, 2.636%Si |No.13 |FEEMg&: 0.05%

No.4 | (43%CE) [900°CZ5/5 No.14 |Cu¥Rn 0.5%Cu

No.5 |ZV  (43%CE) [900°C4E 4 No.15 [Cu¥sin 1.0%Cu

No.6 |Z (43%CE) [900°C—775°C No.16 |CuiRin 1.5%Cu

No.7 |V  (43%CE) |900°C—750°C No.17 |Cu, Sn#sin 0.5%Cu, 0.025%Sn
No.8 |Vl (4.4%CE) |[900°C—725C No.18 | Cu, Sn¥&IN 0.5%Cu, 0.05%Sn
No.9 [##EL (4.3%CE) No.19 |Cu, Snifs/n 0.5%Cu. 0.075%Sn
No.10 |1 Z-HfE (4.3%CE)
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Traditional descriptors

Hc’ BM’ BR’ Hyax -+

Magnetic Adaptive Testing
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sweeping field, h_
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sweeping field, h_
loop amplitude, h,~
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Arbitrary descriptors
B(h_[il, h L)

field coordinates

Function Power
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Current
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Magnetic Adaptive Testing
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Optimal Bl-j(HB)-degmdation functions My'(BH)'deg’” .ada.tionfunctions Vs.
vs. Brinell hardness. graphite grain size

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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AVER T

{E=HH R

Soecimen Chemical composition (mass%o) CE
P C Si | Mn | P S [ ¢ | T | (%)
CE4.7 | 3.77 | 2.78 | 0.78 | 0.025 | 0.015 | 0.029 | 0.015 | 4.71
CE4.1 | 336 | 2.15 | 0.69 | 0.018 | 0.010 | 0.014 | 0.011 | 4.08
CE3.7 | 313 | 1.66 | 0.72 | 0.017 | 0.002 | 0.038 | 0.010 | 3.69
A3

v 8L

v g4

L3812 (850°C. 1BFfED (T2 W

v St

2L % (850°C. 18¥fE]) [CHFm




IR FT

Specimen | Base metal Heat treatment H?}r_clig;ss
CE4.7AS CE4.7 | NA (As-cast) 100
CE4.7AN CE4.7 | 850°C X 1h, furnace cooling 89
CE4.7NR CE4.7 | 850°C X 1h, air cooling 130
CE4.1AS CE4.1 NA (As-cast) 183
CE4.1AN CE4.1 | 850°C X 1h, furnace cooling 110
CE4.1INR CE4.1 | 850°C X 1h, air cooling 209
CE3.7AS CE3.7 | NA (As-cast) 207
CE3.7AN CE3.7 | 850°C X 1h, furnace cooling 130
CE3.7NR CE3.7 | 850°C X 1h, air cooling 221
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Model of a graphite eutectic cell in
cast iron.

“The Physical Metallurgy of Cast Iron”,
I. Minkoff, John Wiley & Sons Ltd. 1983



Magnetic flux density B, G
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Background (2)
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Magnetic Force Microscopy Observation
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Magnetic Properties of FCD with Chill
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Step-bar Specimens

Step-bar specimen with 5, 10, 20 and 30 mm steps

Chemical Composition (mass%o)

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
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Evaluation of structures (1.2 Mn FCD)
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Evaluation of structures (1.2 Mn FCD)
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Evaluation of Hardness and Chill Content
by Nonlinear Eddy Current Method
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