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Ultrasonic Transducer Application for Nondestructive Testing
of Continuous Cast Billets
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Abstract

Steel wires are made by elongating hot billets. If the billets have internal or surface defects, the
wire can be broken during elongation process. After testing surface defect, we are testing internal
defect by ultrasonic transducers. POSCO is producing two kinds of billets, hot rolled billet and cast
billet. Hot rolled one is denser than cast billet. Because of the low densityv and rough surface,
ultrasonic testing is difficult for the cast billet.

Size of the transducer was related with the size and density of the billet. A transducer having
21mm long, 85mm wide and 0.55mm thick piezoelectric ceramic plate was best for 160mm x 160mm
cast billet. Center frequency of the transducer was 2.20MHz and the focus distance was 70mm.
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Fig. 1. Cross-section of dual type ultrasonic

transducer.
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Fig. 2 Configuration for ultrasonic characteristic

measurement.
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Fig. 3. Sample billet having 2 tunnels for sensor

calibration.
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Fig. 4. Impedance-frequency curve of piezoelectric

FREQUENCY (MHz)

element PUT-2)M.

Table 1. Characteristics of piezoelectric transducer materials.

e Ka' das g3 ke p v Za

Material (0 C/N) 10° VN | (%) 10° Kg/ms /s | 10° Kg /s reference
PZT-4 1300 289 26.1 51 15 5
PZT-5 1700 374 248 49 7.75 4350 33.7 5
PUT-2M | 390 130 405 52 7.70 4295 33.1 present
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Table 2. Acoustic impedance of backing materials according to mixing ratio.

lo,

a)

b)

Fig. 5. 2.25MHz ultrasonic echos for sample billet

having 40mm and 120mm deep holes.

The hole diameter is 5.6mm.

(a) Echo of 40mm deep whole (F1) and
back echo at that moment (Bl),

(b) Echo of 120mm deep whole (F2) and
back echo at that moment (B2),

Mixt Weight Ratio Density Velocity Acoustic Imp«;dance
Iure (w/o) (g/em’) (m/s) (10° kg/m’s)
Cemedine Epoxy o 949
7 W Powder 1:2 2.242 1618 3.6

Cemedine Epoxy . = 9 .

/W Powder 1:4 3.752 1692 6.3

Moulding Epoxy 9 9

/W Powder 1:2 3.636 1697 6.2

Moulding Epoxy . =0

/W Powder 1:4 3.952 1748 6.9

Moulding Epoxy ) % o

/W Powder 1:6 3.270 1699 8.9
Table 3. Echo height for reference block of Fig. 3.

Frequency — P1e7oeLe;tnc ek F1 Bl F2 B2
MH; er]ﬁt \wm mt 1cm;]1ess % o o o
4,00 21 5 0.52 50 7 - 10
2.25 21 5 0.9 50 20 20 20
2.25 21 6.5 0.9 ) 40 20 50
2.25 21 85 0.9 50 (& 45 100
10 21 6.5 20 20 40 20 40
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(b) Frequency spectrum of the back echo.

Table 4. Characteristics of dual-tvpe ultrasonic sensor estimated according to ASTM-E1065.

‘ Lower Freq. Upper Freq. Bandwidth
1 Peak Freq. Center Freq. (-6 dB) (-6 dB) (-6 dB)
' 2.348 \MHz 2335 MHz 1.748 MHz 2963 MHz 51.6% \
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Fig. 7. Distance amplitude correction curve of the

ultrasonic sensor.
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