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A Method of Non-destructive Inspection for Chilled Structures
in Cam-shafts Using the Eddy Current Technique
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Cam-shafts used for internal-combustion engines need to be chilled at the foundry stage to increase the cam hardness, however,
unexpected chilled structures may occur on the sensor plate surface. Chilled structures on the sensor plate may break a grinding tool
during the grinding process and may also hinder the fabrication of a specified shape due to resistance arising from the hyper-hardness
of the chilled structure. For this reason, developing an inspection technique and a device for detecting unnecessary chilled structures
before the grinding process of cam-shafts is needed to determine the rejection and removal of a sample with chilled structures. This
paper reports on a recently developed non-destructive method employing the Eddy Current method to detect chilled structures on a

cam-shaft sensor plate accurately.
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Fig.1 Photograph of the cam-shaft specimen used in this study
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Table 1 Chemical composition of FC250

wt. %)
C Si Mn P S
3.3 2.1 0.75 0.05 0.02 >

Chilled structure

(Unit : mm)

Fig.2 Shape of sensor plate (left) and cam (right) for cam-shaft used
in this study

Area rate of chilled structure
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Fig.3 Sensor plate specimens with different ratios of chilled structure,
and their macro structures of the cross section
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(a) Eddy current apparatus used in this study
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(b) Setup of eddy current testing used in this study

Fig.4 Non-destructive inspection apparatus based on eddy current
testing used for cam-shaft. (1: Eddy current instrument, 2: Encircling
coil, 3: Holder-A, 4: Holder-B)
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Fig.5 Schematic illustration of holding method with sample
holders A and B, as well as encircling coil with two kinds of coil
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Fig.6 Photograph and schematic of encircling coil
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Fig.7 AX,—AY, diagram obtained from four kinds of specimens
with different chilled structures
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Fig.8 AX,—AY, diagram as function of axial cam-shaft movement
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Fig.9 Lines obtained from ten samples by moving in axial direction
(top) and residual of each data (bottom)
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Fig.10 Change in AX, —AY, relation due to frequency obtained from
three kinds of specimens with different chilled structure
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Fig.12 Relation between value of CEP and volume fraction of
chilled structure obtained from the experiment with frequency of
630Hz (top) and 1.6kHz (bottom)
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