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Development of Ultrasonic Inspection Technique for High-Attenuation

Billets by Phased Array Technology

Keishi KODAMA and Mitsuhiro ITO

Synopsis

Various types of nondestructive testing have been applied to steel products in manufacturing processes. Ultrasonic inspection

is an important method to evaluate defects and inclusions in billets. Nevertheless, it is difficult to perform accurate ultrasonic

inspection on some stainless steels because these have big grains which cause high attenuation and scattering noise. As a

countermeasure, we use a low frequency, a large transducer and focusing of ultrasonic waves. However, the fixed type focusing
transducer has a different detection capability for each depth. There is a problem that it is unsuitable for a target such as steel

billets that require a wide inspection area.

So, we tried inspecting billets using phased array ultrasonic technology. This allows electronic scanning, which creates an

ultrasonic focused beam with steering. This paper describes some development results of an ultrasonic inspection technique for

high-attenuation billets by phased array technology.

(1) Development of phased array probe for billets
(2) Determination of active aperture size

(3) Prevention of reduction in signal intensity by dividing inspection area
(4) Optimization of DAC (Distance Amplitude Compensation) based on noise
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Fig. 1. Schematic view of (a) conventional UT and (b)

phased array UT.
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Fig. 2. Beam focusing principle for (a) no angled
incidences and (b) angled incidences.
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Table 1. Condition of numerical analysis.

Parameters Value
Frequency 5.0 MHz / 1.0MHz
Wave number 3
Transducer diameter 10 mm
Propagation distance 80 mm
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Fig. 4. Model of big grain and result of numerical

analysis with (b) frequency 5 MHz and (c)
frequency 1 MHz.
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Table 2. Inspection target.

Item Object and Target
SDH(Side Drill Hole):
$1.5mm X 30 mm
Higher than conventional
transducer

Artificial defect

Ability to detect
defects
Inspection area
(cross-section)

Area of square ACIG (fig. 5)

Configuration: Square bar
Surface: As-rolled
Type: Ferritic stainless steel

140 mm ~ 160 mm

Object material

Width (Height)

Contact interface
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Fig. 5. Test piece (schematic view).
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Table 3. Specification of array probe made asexperiment.

Item Target

Form Flat

Acoustical impedance Water (1.5 MRay)

matching
Number of elements 64 ch
Center frequency 1 MHz
Elementary pitch 2mm
Elevation 20 mm

Individual elements Elementary pitch
Number of elements { |<_)|

P e e
I |
I

Elevation

Flat length !

Cross section of billet
//\/

Fig. 6. Explanation of array probe and billet (upper half).
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Fig. 8. Model of numerical analysis.
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Fig. 9. Result of numerical analysis.
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Fig. 10. Experiment model of (a) active aperture and
noise measurement area, and (b) specific
example.

Table 4. Experimental conditions.

ltem Value

16 ch (32 mm), 32 ch (64 mm),
50 ch (100 mm), 64 ch (128 mm)

Scan pitch 1°

Active aperture

Focal depth hage, /2, hgn
5 3 £:C -
(0]
s Z - 1.3
£Ea 0. ]
2 o 09 1.1 -
(e '
16 32 50 64
Active aperture [ch]
(a) Focal depth : hpge
3
T <=F =&E
N_ o 1.7 1.8 1.7
T Z
o
S ﬁf”’/ﬁz : 1.4

0
16 32 50 64
Active aperture [ch]
(b) Focal depth : h/2

B -l -0-H
N
E%Z - 15 1.5
= 1 0.5 1.3
S 5;””12 13 -
0
16 32 50 64

Active aperture [ch]
(c) Focal depth : hgy,

Fig. 11. Relation between active aperture and S/N.
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Table 5. Experimental conditions.

Item Value
Active aperture 32 ch (64 mm)
Focal depth hasc, h/2, hgy

Artificial defect B,E,H

1.0
1.0 =i=Focaldepth : hABC

0.8 —/=Focaldepth:h/2
8 3 =i=Focaldepth : hGHI
N ©
© 206 0.5 0.4
£ ®© -
= c04
3o 03

0.2 0.3 . 8%
0 0.1 ———— 0.0

B E H
Artificial defect

Fig. 12. Relation between focal depth and signal.
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Fig. 13. Schematic view of dividing of inspection area.

2T, FEW (RS hye ZEADGrIZ5EILT:
@E;waaﬁﬁé.kikwwhﬁﬁi,E*AX
FTV Y IOAER L Lzl &, cos’0 IZHB L T
Ta0", EEIIZITWVES ORI EHL (6 :
B) &M (Bl:A C) ORFGDEFMEIZEIl LT 5.
ZIT, KEMEZGL1LGraDEHIIHET AL
T, E=2 277 )y AEZIEIL, Fo L MEOE
BEOEFERF ST, T2, & Gr. OBEETIZEN
TNDBERCTEET S L) @il L.
SN, B pMEME, B bikE CRIFRESE
T 5L, BEHY 2 G R G T AR L
CHWSHR TS Y,

4. 4 FRERRIRMEMIEDREL

FGHE L 2 E T 554G, & Gr. ORBFISEL %
LD SIN & RAET 2 LB D L. 2T, HEHE
HIE 7% HAEIC NTR % i L 7258k (Fig. 14) %L
EL TSN sl L7z, S5 % Table 6 12, & TD
Gr. DIEHALL 72 SN ZHt G L7z b D % Fig. 15 12/R



72721, RBHEEER DM EO KL, EHILLS/
NOBEWHEEHRH L TWA. F72, Fig 13@) ~ (d) TR
FHEE ) A DRIEHEEE LTE Gr. D/ 4 X &R 7.

Array probe
oL ] Total inspection area

Area where Gr. 1 (Gr. 4)
and Gr. 2 overlap

Area where Gr. 2
and Gr. 3 overlap

=
SDH: ¢ 1.5 mmx30 mm
Cross section of test piece

Fig. 14. Test piece of overlap area (schematic view).

Table 6. Experimental conditions.

ltem Value
32 ch (64 mm)

Active aperture

Scan pitch 1°
hABCs h/2, I”'GHI

Focal depth

: Normalized S/N 2 1

Normalized
SIN

Fig. 15. Normalized S/N of each SDH.
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Fig. 16. Depth of inspection area (Gr. 3).
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Fig. 17. Relation between average noise and depth of
inspection area (Gr. 3).
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Fig. 18. Compensation example.
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