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Development of On-Line F-value Measurement System
for Cold-rolled Steel Sheets by Using Electromagnetic Acoustic Transducer

Kazuo Funsawa, Riichi Murayama, Fumio Yamamoro, Koichi Tava, Hidekazu Fuxkvoka and Masahiko Hirao
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1. #&

An on-line measurement system of F-value for cold-rolled steel sheets was developed by measuring the average
propagation time of low frequency S, mode Lamb wave. In this paper, the principle of nondestructive f-value
measurement and results of the various experiments are described. In the first experiment, we investigated character-
istics of various kinds of EMATSs (Electromagnetic Acoustic Transducers) in order to select the optimum EMAT type
for on-line measurement. As a results, we developed the on-line measurement system using magnetostrictive type
EMATSs which measures the t-value with a 3mm gap between the sensor case and the steel sheet. The capability for
After this analysis, we
investigated the effests of measuring conditions such as sheet traveling speed, the sheet temperature and the sensor

estimating texture and for measuring r-value was investigated by using a lot of samples.

gap on the measurement accuracy. The on-line test was also done in the continuous annealing line by using test and
product coils. Finally it was confirmed that applying this system, the f-value can be measured continuously in the
production line with the accuracy of 360=0.2.

cold rolled produst ; low carbon steel ; plate ; texture ; formability ; measurement ; quality control ; sensor ; ultrasonic ;
EMAT.
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Fig. 1. Comparison among various kinds of EMATs.
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Fig. 4. Characteristic of magnetostrictive type
EMAT as a transmitter.

Table 1. Comparison of 3 types of EMATS ability.

EMAT type Lorentz Magnetostrictive
Item A B C
Max. Thickness 1.2mm 1.6mm 2mm
(5mm Gap)
Max. Gap 3mm 4mm 5mm
(2mm thickness)
Sensitivity impossible | impossible possible
Change
Passage of Sheet good not so good good
Maintenance difficult difficult easy
Overall Evaluation A O ©
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Table 2. Specification of on-line t-value measure-
ment system.

Item Specification

Magnetostrictive type EMATSs with electromagnet
No. of Sensors 3 pairs of sensors (0,45,90 degrees to RD)
Driving Signal Tone burst pulse of 280kHz in frequency
Measuring Time | 5msec/ch and 20msec/data

Operating Form | Continuous measurement in a production line
Line Speed Up to 300m/min

Sheet Thickness | Up to 2mm

Target Accuracy | Less than 0.2 (30)

Sensor
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Fig. 15. Characteristic of Lorentz type EMAT as a
transmitter.

Table 3. Effects of measurement conditions on on-
line measurement accuracy.

Observed Variation after

Factor Variation Compensation
(30) (30)

Short-term Repeatability 0.003 0.003
Long-term Repeatability 0.007 0.007
Gap* 0.08/1mm 0.008/0.1mm
Sheet Thickness™ 0.15/2mm 0.008/0.1mm
Tension 0.001/10MPa 0.002/20MPa
Temperature® 0.003/1°C 0.015/5°C
Total 0.021

* Those conditions were used for compensation
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