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Development of the Wall Thickness Measuring System Using the
Electromagnetic Acoustic Technique for Hot Seamless Steel

Tubes and Pipes
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Koichi HASHIMOTO, Renpei NAKANISHI, Akio KaTo, -

Hiroaki ISHIKAWA, Takashi KADOWAKI and Ichiya SATO

Synopsis:

The electromagnetic acoustic transducer system has been developed for the measurement of hot seamless
steel tubes and pipes. The system consists of tunnel type electromagnet which generates the strong axial
magnetic field around the pipe, and six sensors including transmitting and receiving coils which are arranged
between poles and around the pipe. The system can measure 6 circumferencial points wall thickness of

the pipe at the rate of 250 Hz.

The ultrasonic properties in hot steel such as velocity and sensitivity have basically been investigated.
The measuring accuracy of the system has also been investigated in the laboratory and at No. 1 tube mak—
ing plant in Kainan Steel Tube Works of Sumitomo Metal Industries, Ltd. The basic experiments show—
ed that ultrasonic velocity can be calculated by measuring the surface temperature, and that the sensitivity
changes due to the changes of air-gap and surface temperature can be compensated by AGC (automatic gain
control) circuit. The system was positioned at the outlet of the finishing stand of the stretch reducer mill,
and pipes of various sizes (42.7 mm—177.8 mm dia. x 3.2-25 mm thickness) were produced to measure the
wall thickness. The results showed that the measuring accuracy was less than4-0.1 mm.
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ROTARY FURNACE
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PIERCER
0.D.: 187 mm
WT. 1 149 ~ 375mm

MANDREL MILL

O.D.: 158 mm
WT: 39~ 25mm
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WT : 32 ~ 25mm

!

Seamless pipe manufacturing process.

Fig. 1.

Table 1. Examples of rolling schedules (produced
sizes at each mill : unit mm).

Billet Piercer Mandrel Stretch reducer

18700 1870:D. 20, 5¢ 1580.D. x 8. O 42, 700.x 7.0t
% 15. 0t X 4.0t 60. 30-D- x 3. 5¢
X 18. 5t x6. 0t x5. Qv
X 21. 5¢ X 9.0t x8.0v
x17.5¢ x5. 0t 114. 39.D. x5, Ot
X 37.5¢ x 25. 0 1 X 25. 0v
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Table 2. Specifications of developped wall
thickness measuring system.

Item Specification

Outer dia. 42,7-177.8 mm

Pipe size Wall thickness 3.2-25mm
Length max. 100 m
. . Temperature 700-900°C
Pmdutcxsn/gR c;?l‘?"m“ Line speed 3-10 m/s
a Cycle time 15 s/pipe
No. of measured Circum. direction 6

points Axial direction

10-35 mm pitch
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Fig. 2. Tunnel type electromagnetic
acoustic transducer system.
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Fig. 4. The relation between air-gap and
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Fig. 5. The variation of measured thickness
value at stationary state.
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Fig. 6. The relation between ultrasonic velocity
and temperature.
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Fig. 7. The relation between ultrasonic velocity
and surface temperature.
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Fig. 8. The relation between ultrasonic echo
height and surface temperature of pipe.
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Table 3. Experimental condition of wall
thickness measurement at S/R mill.

Setting Eosition of . .
wall thickness Outlet side of stretch reducer as described
measurement in Fig. 3

Size : 42.7. 60.3, 114.3 mm0-P- X 3. 2-25 mm*
Material : Low carbon steel and SCM 430
Temperature : 700-900°C

Seamless pipe

Rolling speed 3.38.2m/s

1 |

1
100 150

50
M The Number of Data

200 Fig. 9. An example of wall thickness

measurements of hot steel pipe samples.
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Fig. 10. Examples of wall thickness measurements
of hot steel pipes at S/R mill outlet.
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Fig. 11. Deviation of measured wall thickness
values between hot and cold states.
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Table 4. The changes of measured time (4¢) and

thickness (4T) due to the change of echo height (§)
Frequency : 3MHz Threshold level : 0.5 Velocity 5000m/s

4 (dB) 4t (ns) 47 (mm)
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