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Fig. 1. Closed magnetic circuit constituted with magnetic
inductive probe.
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Fig. 2. Scheme of magnetic inductive probe.
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Fig. 3. Change of magnetic poles according to residual stress.
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Table 1. Chemical composition of probe material.
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Table II. DC magnetic properties of probe material.
DC properties - B, (Gauss) B, (Gauss) H, (Oe) Uy U B,./B,
values 6266 6020 0.018 20700 247633 0.96
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Fig. 4. Block diagram of the residual stress measurement system.

Fig. 5. Photograph of the residual stress measurement system
constructed in this work.
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Fig. 7. Frequency dependence of output voltage as a function
of input current.
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Fig. 8. Variations of output voltages measured with 1 mA
input current of 4000 Hz for qualified lead frame thin sheet,
(a) distribution of residual stress, (b) direction of maximum
residual stress.
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Fig. 9. Variations of output voltages in the width direction of
qualified sheet measured with 1 mA input current as a
function of frequency.
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Fig. 10. Variations of output voltages in the width direction of
qualified sheet measured with 20 mA input current as a
function of frequency.
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Fig. 11. Variations of output voltages measured with 1 mA
input current at 4000 Hz for quality-rejected lead frame thin
sheet, (a) distribution of residual stress, (b) direction of
maximum residual stress.
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Fig. 12. Variations of output voltages in the width direction of
quality-rejected sheet measured with 1 mA input current.
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Magnetic inductive probe was designed and assembled for sensing the residual stress developed in the ferromagnetic thin
sheet. The residual stress measurement system with this probe could resolve the residual stresses developed in the sheet in
terms of principal stress orientation, and magnitude of the principal stress. It was confirmed that the obtained probe output
voltage from the qualified ferromagnetic Fe-42Ni lead frame sheet and quality-rejected sheet is effectively determined using
the developed device. The lead frame sheet which has accumulated a high level of residual stress always showed a distinctive
stress distribution and magnitude compared with those of qualified lead frame sheet. Those differences were well resolved as

functions of input current or used frequency.



