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Non-destructive evaluation of formability in thin
steel sheets using SH,-mode plate wave by EMAT

(Department of Intelligent Mechanical Engineering, Faculty of Engineering)

Abstract

We evaluated the relation between the Lankford value (r-value) and the velocity of cold rofled
steel sheets using the fundamental shear horizontal plate wave (SHy-mode plate wave) and the fun-
damental symumetrical Lamb wave (S;-mode Lamb wave) as a function of the propagation angle. The
SHe-mode plate wave at the traveling angle of 45° showed the opposite tendency compared with
that of other traveling angles or other ultrasonic modes. Using the velocity equations derived by ac-
counting for texture and cubic crystal anisotropy, we found that the velocity at  45° was strongly in-
fluenced by the {100} crystallographic plane compared with that of other ultrasonic conditions.

Next, the measurement accuracy for the formability of cold rolled steel sheets using the Se-mode
Lamb wave and the SHe-mode plate wave was estimated to find that the evaluation accuracy using the
SHe-mode plate wave became poor as compared with the case of the S;-mode Lamb wave. For this,
the effect of the ultrasonic velocity anisotropy to the propagation direction was the main cause, be-
cause the anisotropy of the SHo-mode plate wave was bigger than that of the Se-mode Lamb wave. Fi-
nally, we confirmed that the evaluation precision could be improved by using the SHi-mode EMAT
with a narrow-width sensor coil to transmit and receive the sharp ultrasonic beam.

Keywords:Formability, Lankford value, Lamb wave, Shear horizontal plate wave,
Electromagnetic acoustic transducer (EMAT), Cold rolled steel sheet
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Table 1 Elastic constants and coefficients of Se-mode Lamb wave and SHe-mode plate wave velocity equations

Material Monocrystal Polycrystal
. Cl1 C12 c44 Theory At 2u w c o/
o-Fe
232.2 135.6 117.0 Hill 277.0 81.7 136.3 —1.668
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Table 2 Oriental distribution coefficients (ODCs) of
some ideal orientations (hkl) (uvw)

WA400 WA420 w440
(111 (110) | —0.0209 0 0
(11D [112) | —0.0209 0 0
(110)(001) | —0.0078 | —0.0246 0.014
(100) (011) 0.0313 0| —0.0187
(100) (001) 0.313 0 0.0187
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Fig.1 Away of finding the average r-value using the S,
-mode Lamb wave velocity at 0=
0°,45",90° relative to the rolling direction
and the SHr-mode plate wave velocity at §= 0 °
and 45°
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Fig.2 Block diagram of the electromagnetic acoustic transducer (EMAT) system for the S
-mode Lamb wave and the SHy-mode plate wave including arrangement of the sensor
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Fig.3 Display of the typical received signal with 1 mm thick steel sheet : (2)The case of the
So-mode Lamb wave ; (bJThe case of the SHy-mode plate wave
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Fig.4 Correlation of the average r-value and the transit
time measured : {2)The correlation between the
average r-value and the transit time (Ts (0),
Te (45),and Ty (90) ) measured by EMAT for
the So-mode Lamb wave ; (b/The results for the
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Table 3 Specifications of sample sheets (Plate thick-
ness, The averaged r-value, Crystal axis den-
sity, Deviation of crystal axis density)

Pla Ave | Ave | Ave Devi- | Deyi- | Dev-
No | Thick | r ) | (10) | (00 ation | ation | ation

-ness (111) | (120) | {100)
1(1.20{1.17|2.32/0.901.09 0.11/0.01|0.02
2 11.00(1.17|3.45,0.74}1.04/0.22]0.01/0.03
310.60(1.34(5.32/0.53,0.98/0.22|0.02|0.03
4 10.60[1.37(5.1610.5210.99/0.88|0.030.08
5 (1.60/1.62|4.63,0.5511.99/0.25|0.01|0.04
6 10.60(1.67|6.20]0.4411.09/0.29|0.00{0.02
7 10.7011.7218.2510.2211.23/0.21]0.00]0.04
8 10.80(1.91|7.52,0.2111.38/0.24|0.01{0.07
9 10.70(1.96|7.82,0.25/1.26/0.53|0.01|0.08
1011.00/1.97(6.51}0.4211.01/0.53{0.03]0.06
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Table 4 Relationship between the error factor and the

measurement precision

Transit Time Error | Conversiontor-value
Ttem So SHy So SH,
Measurement || g | 0.004 | 0.010
circuit
Texture 29s 1Z2ns | 0.029 | 0.020
Ultrasonic 20ns | 69ns | 0.029 | 0.117
Beam
Total 41ns 70ns | 0.041 | 0.119
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