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Development of Thickness Measurement System for Hot Rolled
Steel with Laser Ultrasonic Wave Technology

Naoki Fuse

Synopsis
Laser-ultrasonic is the new technology for non-destructive and non-contact inspection.
1t is specially expected to be applied to measuring thickness and inspecting metallographic structure or defects of hot rolled
steels , measuring material temperature , and so on.
Though it can be applicable to many industrial fields , we have studied for the practical use, such as robustness of optical
systems and safety measures for high-power laser.
The thickness measuring techniques for cold and hot rolled steels using laser ultrasonic were tested in our laboratory. The
measuring accuracy was within 2 % of thickness for cold steels and 4 % for hot steels (compared with measured value by gauge).
The experimental system has been installed in the hot rolling process line and verified in terms of the measuring accuracy,
resistance to environment and safety counter-measures.
The results are as follows;
1. Measuring accuracy is within 4% compared with X-ray system.
2. Dust on optical devices is free due to air curtain and air jet nozzle for more than 5 months.
3. Laser reflection has been shielded completely with fireproof metallic fiber curtain.
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Fig. 1. Principle of laser interferometer.
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Fig. 2. Speckle scattering'®.
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Fig. 3. Laser-ultrasonic propagation in hot steel.
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Fig. 4. Measuring time of flight.
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Fig. 7. Constitution of equipment.
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Table 1. Specification of ultrasonic generation laser?.

Item Specification
Type of Nd:YAG
oscillation
Oscillation 1064 nm
wavelength
Oscillation 450 m]
power
Pulse width 10 nsec

Pulse period 10 Hz

Table 2. Specification of ultrasonic detection laser?.

Item Specification
Interferometry Speckle
Type of oscillation CW Nd : YAG
Oscillation 532 nm
wavelength
Oscillation power 180 mW

Fig. 8. Ultrasonic generation laser'®.

Fig. 9. Ultrasonic detection laser'®.
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Fig. 10. Environmental measures for laser

interferometer.
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Fig. 11. Environmental measures for generation laser.
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Fig. 13. Detected ultrasonic wave signal.
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Fig. 18. Measured error vs. surface condition.
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Fig. 20. Average and 30 of ultrasonic propagation
velocity at cold and hot steels (N=5 each).
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Fig. 21. Measuring locations of temperature.

Table 3. Temperature of each location.

Measured points A B C D
Temperature [°C] 39 | 41 | 40 | 36

Ambient temperature:35 °C

Main body of laser interferometer

Fig. 22. New line of laser interferometer with fiber optical
head.
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