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Development of Ultrasonic Inspection Technique for Small Diameter

Round Bar

Kazunori ISHITANI, Yasushi IKEGAMI, Keishi KODAMA and Daisuke MORI

Synopsis

Various nondestructive tests are applied to steel products in manufacturing processes. Among them, ultrasonic inspection is an
important method to detect defects in round bar. However, it is particularly difficult to inspect small diameter round bar due to
displacement. This paper describes the following development results of an ultrasonic inspection technique for small round bar:

(1) Assumption of an inspection technique for backward focusing from the material center using a large-diameter probe

(2) Consideration of the relationship between a simulation model and accuracy of simulation for ultrasonic inspection.
(3) Optimization of the probe specification by analysis with different probe parameters in simulation.
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Fig. 1. Schematic diagram of in-line ultrasonic inspection
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Fig. 2. Ultrasonic refraction of due to displacement.
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Water Probe diameter
$6 mm
Frequency
Probe 15 MHz

Focal length

Large diameter bar
$50 mm

Small diameter bar
$6 mm SDH ¢0.4 mm

Material: SUS303

‘ Round bar and probe are arranged in concentric circles.

Fig. 3. Inspection condition.
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Fig. 4. Relationship between displacement and detection
sensitivity.

Table 1. Inspection target.

Bar diameter $6 mmn
Material SUS303
Defect size SDH ¢0.4 mm

Detection sensitivity Signal/Noise = 5

Detection sensitivity -6 dB
decrease (Displacement =1 mm)

3. XK&EO0—-TJ&HWVT
BHERSEIESHEHM

3- 1 7°|:| - -j’a)nin-l-lb\luas

— s, BRT U - T EHCCTHEYIEEG T 2561
AR OO B EEEO L7280, Fig. 5@) I2RT £ 9 12
L Tu—TolFEpLE—HEE S LaeLl, U
NOIRNFEF O AN EE WD DA T A LWl b0
METHER7Z2L I, DT DRMETINTE T OBRMIK
EPRKEMKFLTCLES. £IC, Fig. 50b) IIRT &

Tty > AU O B R RGEA OME 115

I, BERWEHIBEPOLIVEAFIERSELZ 2%
2h. ZOLH)BREICTLIET, BEEOTELL
R OIEWHEFICOM S8, METICL S & T omb
BERT 2 Cxr2EZ6NE. LML, FOICE
HESErGAEL KL, BLEORKEIZLKTT 5729
EFAE DI CTIIMEEAET$5 Y. S x ffk+
5720, WATFEOREWRETE—TE2HNE, Th

WX DIRMEDEC 2 ) FESFE L R D720, FBOM
ﬁ@ﬁﬁ?%%ﬁféé.ttL,Lﬁ%&@@%@K
B ORED D 5 720, KELE TR 5.

Small diameter probe Large diameter probe

i
Narrow distribution

ide distribution

3¢’Round bar Round bar

1
1
1
(a) Center focus (b) Backward focus

Fig. 5. Difference in detection sensitivity distribution by
focusing position.
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Fig. 6. Sound field and sensitivity distribution.
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Table 2. Simulation conditions.

0.005 mm
. 0.008 mm
Element size 0.010 mm
0.020 mm
5760 000
Element number ~92 160 000
Frequency 15 MHz
Probe diameter $®6 mm
Focal length 20 mm
Water path 17 mm
0
—o— Experiment
-3 Element size
0.005 mm
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0.010 mm
-9 L) —— 0.020 mm
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Fig. 9. Relationship between displacement and detection
sensitivity for each element size.

5. 70— 7O

5. 1 ¥Ialb—32il&d
70— 7O E{

T BEER S 25X INT A =5 TH LK
B, REhFRE, HEREEEEE Il —Tavilkhik
ALY 5. BARMIZIX, To—TEEY X R AE
TN CETORERTEZHEL, BEKTEI R
INE T BINTG A= BRIRERTLH,. FNETNDINT X —F
OFIE, X (5) 2§29 Table 312RT &) Zflik
L. JKERBEISCHE Y (25> CiRE L 72

Table 3. Simulation conditions for optimization.

Optimization parameter
reens| G150 | Q7
Frequency ~71 QAI\F/IIf—lz 15 MHz 15 MHz
digrnc:te)?er 10mm ~81 TnTm 12 mm
foca | 1oomm | roomm | Sprm
Water path 70 mm
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Fig. 11. Simulated results of optimizing probe diameter.
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Table 4. Optimized probe specifications.

Frequency 15 MHz
Probe diameter ®12 mm
Focal length 100 mm
Water path 70 mm
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Fig. 17. Simulation result waveform
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