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Evaluation of Residual Stresses of Hardened Surface by Magnetoelastic Method
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ABSTRACT

Barkhausen noise(BN) is created by the abrupt changes in the magnetization of materials under applied
AC magnetizing field. These changes are known to be sensitive to residual and applied stresses.

In this study, BN theory was reviewed and it was examined how BN intensity was affected by
simultaneous stress, hardness and microstructural changes. Also, magnetoelastic effect was used to evaluate
residual stresses through carrying out the cantilever beam test.

An increase in BN intensity was observed when applied and residual stress changes from compression into
tension. Microstructural softening by tempering also increased the amount of BN.

Therefore, the quantitative evaluation of residual stress and microstructural changes will be possible,
providled BN method is more studied about various materials through comparing with different stress
measuring techniques.
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2.2. Magnetoelastic Effect
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Fig.3. Hysteresis loops under tensile stress ¢.
(a) Crystalling 68% NiFe, (b) crystalline
pure Ni, (¢} amorphous Co-hased alloy.
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Photo 1. Specimens attached strain gauges for stress
calibration experiments.
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Table 1. The Results of MAGN Setting for Best Stress

Sensitivity
2470l
A 0.02mm | 0.07mm 0.2mm
mild steel 30 30 30
annealed SM45C 30 30 30
normalized SM45C 35 25 30
annealed SCM440 25 25 25
normalized SCM440 70 70 55
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Fig.5. Uniaxial stress calibration curves determined
for stress relieved MILD steel with a general

purpose sensor. Best stress sensitivity is
obtained at MAGN = 30.
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Fig.6. Stress curves obtained by cantilever beam test
and strain gauge method for MILD steel in
uniaxial stress calibration experiment.
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Fig.8. Uniaxial stress calibration curves determined
for annealed SM45C steel with a general pur-

pose sensor.
(0.02mm . MAGN =30, 0.07mm @ MAGN

=30, 0.2mm : MAGN = 30).
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Fig.7. Uniaxial stress calibration curves determined
for stress relieved MILD steel with a general
purpose sensor at MAGN = 30.
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Fig.9. Uniaxial stress calibration curves determined
for annealed SCM440 steel with a general pur-
pOse sensor.
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Fig.10. Uniaxial stress calibration curves determined
for annealed and normalized SM45C steels with
a general purpose sensor.
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=25, 0.2mm . MAGN = 30)
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Fig.11. Uniaxial stress calibration curves determined
for annealed and normalized SCM440 steels
with a general purpose sensor.
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Fig.12. The effects of hardness on the MP values
measured at MAGN = 80 for SM45C steels.
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Fig.13. The effects of hardness on the MP values
measured at MAGN = 80 for SCM440 steels.
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Table 2. The Comparison of MP Values and Residual
(or Applied) Stresses Measured by Various

Methods for SM45C Steel.
(stress TH¥ : ksi)

Stress annealing 4| 3
dxe A4 (by XRD) MP Stress FMP
{strain gauge)

quenching —-24.3 | 12.3 —26.5 47.2
200C tempering | ~17.6 | 43.8 —16.9 47.8
400C tempering | —12.5 [125 * *
500°C tempering | —11.6 | 159 - 9.0 48.8
600°C tempering I -5.8 |184 I * l * J

Table 3. The Comparison of MP Values and
Residual(or Applied) Stresses Measured by

Various Methods for SCM440 Steel.
(stress &9 : ksi)

annealing 4

Qe e | Stes | pp

by XRD) S.tress MP
(strain gauge)
quenching —-18.5 | 17.4 -21.7 50.8
200°C tempering | —17.6 | 54.2 * *
400°C tempering | —12.2 | 64.3 -12.7 52.8
500C tempering | — 9.9 | 122 * *
600°C tempering | — 9.1 | 132 * *
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