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Development of an On-line f-value Measurement Technique
for Cold Rolled Steel Sheet Using a Resonance Mode Electromagnetic Acoustic Transducer

Takao Hvyocuch:, Toshio Axaci, Katsuhiro Kawasuiva, Atsushi YosHiwara, Yasutaka Nawata and Safoshi W ATANABE

Synopsis : An on-line nondestructive measurement technique for r-value (plastic strain ratio), which evaluates the press for-
mability of cold-rolled steel sheets, has been developed. This technique uses a thickness resonance mode electromag-
netic acoustic transducer(EMAT), which can measure the ratio of three different mode ultrasonic resonance fre-

quencies.
iron single crystal C°;, C%,, Cl,.
modulus.

The in-plane average Young’s modulus is calculated from three frequencies and the elastic stiffnesses of an
The in-plane average r-value is obtained from the in-plane average Young’s
A good correspondence was obtained between the in-plane average r-value measured by this method and

the in-plane average r-value measured by tensile testing. We have proved by experiment that the effects of
temperature, tensile stress and moving speed of steel sheets are negligible for practical on-line use.

Key words : on-line measurement ; r-value ;

ultrasonic waves ; thickness resonance ; frequency.
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Fig. 1. Propagation and polarization directions of
ultrasonic waves in a rolled metal sheet.
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Table 1. Calculated variation of E with K, Kv and
Ks variation.

Kr Ku Ks E (GPa)  dE (GPa)
0.32 —0.04 0.94 223.52 +0.04
0.32 —0.04 0.96 223.48 —
0.32 —0.04 1.03 223.53 +0.05
0.32 0.00 0.94 223.48 +0.05
0.32 0.00 0.96 223.43 —
0.32 0.00 1.03 223.41 —0.02
0.37 —0.04 0.94 209.89 +0.01
0.37 —0.04 0.96 209.88 —
0.37 —0.04 1.03 209.93 +0.05
0.37 0.00 0.94 209.93 +0.02
0.37 0.00 0.96 209.91 —
0.37 0.00 1.03 209.90 —0.01
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