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Development of Evaluation Technique of Non-metallic Inclusions
in Steel by High-Frequency-Ultrasonic Detection
Yoshiyuki Kato, Shoichi Takemoto, Kaiko Sato and Yoshio Nuri

Synopsis: Development of evaluation method of medium-size of nonmetallic inclusions is one of important subjects in iron
and steel materials engineering. Automatic evaluation of inclusions by the ultrasonic method was examined about
steel grades. The fundamental characteristics, e.g. detectability of inclusions, were examined by focal-type high-
frequency ultrasonic probe of 50-125 MHz. In this ultrasonic method the inspection weight was 1g to several tens
g per specimen, and the object of the evaluation was mainly the medium-size inclusions which size was 20-200
um.

- Evaluation of medium-size inclusions used to be difficult, but it became possible by the application of this ultra-
sonic method of higher—frequency focusing probe. Detecting limit of inclusions by this ultrasonic probe was con-
firmed that it was almost equal to 1/4 of a wavelength.

- Since echo amplitude falls as a defect deviates from the focus position, the revision of echo amplitude is neces-
sary for both axial and radial directions. It is possible to correct the axial deviation by a quadratic equation.
However correction of the radial one requires narrow scanning pitch measurement, because of the difficulty to
located individual defect.

- Heat-treatment condition of a sample has an influence on echo amplitude. Discrimination between voids and
inclusions is possible by the analysis of wave form.

Key words: non-metallic inclusion; UST; echo amplitude; acoustic impedance; SUJ2; focusing probe.
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Table4. Acoustic impedance

Acoustic impedance

Air 0.0004
Water 1.48
Resin 3.2

Iron wire 45.8
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AlLO; Inclusion 40.0

Table5. Reflection coefficient of sound pressured

Medium 1—Medium 2 I, ord ry0d
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Resin—Iron wire 00.870
Water—Steel 0.94
Steel—Al,O; inclusion 0 0.0620
Steel—Air0 VoidO 01.00

40202 0O00000O0O0O0O0-00000-AL,000
0o00000O0O0000000
0000D000000000000000000000
0000000000000L000000000000
00000000000000000P,000001000
0000000000000
P.0 o0 y,OP'0 o0 y.0 0P, 0000OO100
0000OP 0000000000000000D0DO0
P/ O00000OOOOOCOOOODODOO0O000
oooooo
y, 0000000000
ys0 0000000000 y.0P.0P.'0
..00000000000O000000
0o0000O00000000
c00000000OO
0000000000000000000 00000
000D00000000000000000000000
00000000000000000000000000

45

0000o00ooooo0oooooooooooooo

00000000000000000000000000
00000000000000000000000000
000 y0100000000000000000000
0y ,0P0P'0D00000O0OO0OD y01000 y,0
P.O0P0000ONOOOOOOOOOOCOOOODDDyO
POOOOOO

0000000000000000100000000
020000000P0000000000000000O
OP000000O0O0O0D y000011000000%0

yOPY/POOZ0z000z0z0 00000110
0000zOoOOOODODOO0O0000000000000
0O00000000O0O

0000000000000000000000000
00000000000000000000000000
0000000000 Table 4,Table 5, Fig.240 0 O Fig.250
00000000000000000000001000

1
e

r122 \
Iyg20 1—r;,20
ST

Iy’ 1—r,,20 2

Water

| A

I I
Resin Steel wire

Fig. 24. Energy reflection coefficient of normal beam incident

Transducer Source of reflection -} -
,,,,,,,,,,,,,,,,,,,,,, ___--O0Defectd
© Py P
N -—— - — —
AS3

0 ald Transmission

Center of reflections

B 2d
i
i
i
i
i
i
i
i
i

0 b0 Reception

Fig. 25. Schematic diagram of normal detection

Sanyo Technical Report Vol.7 (2000) No.1



000000000000000000000000

gbobo-0ob20gbgoboboboosigogoooo
gbobooboo

goooooooobowmoog
gooooooboboooooobosinos7ooooonoO
gooAOO0DOO0O0DOOS1I0006200000003
goooooobobooobooo sigoeeoioooog

OO000o0OoDoAO00000DDOOO0OO0O0ODOO
gboboooobobobobooobobobobon
00.062/0870 001714000 000FRg260 000000
OOoooooAL,00O0O0O00O00O0O00O0 ¢25um
gobooOOo0o0ob00obooobDOoDOooOOob0OoDbO10-12dB
oow4foooooooooooooooo-ooooo
gboboooooboobooboboooooobobooon
ALo,0 00 0000D00O0O0OCOOO0OOOOoooooO
gbobooobooboboboboooboboboonbDoon
gboboboooobooboobgooo

gbooboobooooboboboobooooobooDbo
00.999/0.8700115012dB0 000 O000OOO0OODOO
goo0ooo0obooooOobo-12dBO000ODOOOOOO
gbobooooobooboboboooboooboobon
gboboboboboooboobogobg10-100ymoon
gobooooboooboolwmoobo2noooooooon
gboboooooboobooboboooooobobooon
gbobooboobobobobooobobobobob

12 . . )
() 1.208 E Resin-Steel Wire
o 0 0 50MHz
« ' o 0 0 80MHz
6 { m [] 100MHz
00 125MHz
0 1208 |
0 ? Base echo amplitude |
" .%l 0 Steell void ‘
06 =

0 1/140x Echo| m

Relative echo amplitude 20log] H/HOO /dB

amplitude
1 022.9dB0 *
I
012 T B 7 P
- s Calc.J 100MHzO
)(" *
018 [—{012dB]
4, oo
id
* S
024 hd 1‘IZI 0 Steeld AlQ; Inclusion }—
* »

30

0O 20 40 60 80 100 120 140 160
Flaw diameter / um

Fig. 26. Relationship between flaw diameter and echo amplitude
of some defects.c] Conversion of echo amplitudo by
acoustic impedance from epoxy resin-steelwire to steel-
AlLLO; inclusion and steel-void[l

goboboboobooogog
403 OOODOOOOO
gooboooboooooboooboboooboooo
gboboooooobog
DeHoff 000120020 000030000000 0O0O0O
000000000 0o0ooooooDOdDeHoffsO0
glr20000000000000000004dx 10000
mmUdooooooooonog
NVONA/dVO 02/ z00ONA/DAD O0O0OD00O 120
ooooNNOOO0OO0OO0O0O0O000000n/mmOd
dvO30000000000mmgd
NAOOOODOOOODOOOOOn/mmid
dAD ODDOO0DOOO0O0OmmO

L1 100000 E= i

£ hd o Acid extruction [
€ 10000 = | lisig] QTMOS
g = + Image analisi§] QTMOH
o o

= 1000 —

g ——<*~ 0o oo

B4 o a0

§ 100 e

8 n ﬂﬂuﬂ n
- 10

(@]

3 1

g 0 20 40 60
z

Diameter of inclusion] x0O0O

Fig. 27. Comparison of the distribution of inclusion diameter
between by Quantitative Television Microscope method
0 al and Acid Extraction-SEM method b .

gbobooobooboboobobobobooboobobo
000000000 00FRg2700000O00O0OODODO
gboboooboooboboboboobooobobobon
gooboooos3sngobobogooooobooooobooon
gboobooobooobobobobooboooboboobon
gobobobobooboooboooboobobobobooooo
404 0OO0O0OO0OO

gobobogoooboooboboboooooboboono
gbobooobooobooboboboooboooboboab
gobobooooobooboboboooooobo—00n
O000OQ0O0OQ0OoQoOoOoOoODoOOORg280000 0

5000

obobooboz20—01000 mbbonoonDooOoono
gbobooboso-12sMHzO OO OOOooooooogon
gbobobdo
gooogo
godzo-100uymbO00oo0ooooboooooooon

Sanyo Technical Report Vol.7 (2000) No.1



0000o00ooooo0oooooooooooooo

Calibration] BO10, 0.40mmFBH] booooooooouguooooooooooon
) 000000000000
00oOoo00ooo0
00000000D000000000000000000

Specimen set Flat type[

‘1’ Ogo0oo0o0—0O0000ooooooooooooooo
Input of measurement conditions doooooooooooooooooooooooo
0 Scanning Pitch, Gate Position, Sensitivity iaialaiafialaisliaials
O Focal point, The number of specimen
V — 0oC
Detectionl] Rough(] + O Precisel]

\b_l 10 Y.Murakami: CAMP-ISIJ, 40 19910, 1174.

20 Y.Murakami and T.Toriyama: Tetsu-to-Hagané, 790 19930 , 1380.

Output of Image Data save
\ll 30 ASTM E45: Annual Book of ASTM Standards  Vol. 03.01.00 199801 .

4] DIN50602: September, [J 19850] .
0 Distance Amplitude Correction

X o _ 50 JIS Z 0555: JIS Handbook—Ferrous Materials & Metallurgy O 00 19990 .
O Material Sensitivity Correction

0 Echo Amplitude—Flow Size Conversion 60 Annual Book of ASTM Standards, Section3[] Metals Test Methods and
0 Discrimination between Inclusions and Analytical Procedures, Vol. 03.03 ; Nondestructive testing. American Society
O pinholes

for Testing and Materials, Philadelphia, PA.

70 ASTM E45: Magnetic Particle Method, Annual Book of ASTM Standards, Vol.

03.01.00 199801 .

0 OUTPUTO 80 H. Hoff and H. Lessing: Stahl und Eisen, 76 0 19560 , 1442.
O Imaged C—Scope, B—Scope, Etc.O 90 Y. Yuhara and T. SuzukiC) Readout, No.4, 0 1992(1, 30.
O Distribution of Particle Size 100 J. Chino, K. Sugimoto, M. Nagata, H. Yoshikawa, T. Kubo and 1. Ibuki: CAMP-
O Severity
O Predicted Maximum Inclusion Diameter IS, 401 1991, 1428,
OOV Area max.[ro 40 110 W.T. Lankford, Jr, N. L. Samways, R. F. Craven and H.E. McGannon: The mak-
ing, shaping and treating of stee—210th Edition, US Steel, 0 19850 , 1453.
Fig. 28. Testing prosedure. 120 K.Takagi: NDI Handbook [ Binran(l , Maruzen, 0 199901 , 2.
130 K. Honda: NHK BOOKs, No.710, Tokyol] 199401, 21.
140 W.W. Bayre and J. A. Erickson: ASTM Proceedings, June] 19650 .
gooooooboooooooooooooooobooo 150 W. W. Bayre and D. D. McCormack: Materials Evaluation, February(] 197001,
gooooobooooooo 25.
goobooooboooooopPr125mmO0OOnooogon 160 R.N. Cressman and A. J. Plante: Blast Furnace and Steel Plant, March
oooow40b0O0O0O0OO 0196901, 232.
go0d10o0o00@ob200000000000000 170 J. B Morgan: Materials Evaluation, Junel] 19700 , 121.
godoooooooooooobooooooobooo 180 S.S. Daniel and R. A. Rege: J. of. Metals, July(] 19710, 26.
ggobooobbooobbooobboooboog 190 W. H. Burr: ASTM STP 575, [1 19750, 178.
gbobobobobo-gboo-soumioooonong 2000 P. Bastien: NDI International. Decemberd 19770, 297.
doooo—AL,0 0000000000000 oooao 210 G .Canella, F. Monti, L. Pedicelli and AL’ Erede: NDT INTERNATIONAL,16
gooooooooooo 019830, 151.
gooooboooooo 220 T.Senda, S. Hirose, H. Uragaki,H.Aoki, K. Kubo and H.Harimoto[d J. of the
gddodoodoobOoobooobooooooooooa Japanese Society for Non-Destructive Inspection, 3200 19830 , 734.
gooooooboobooooooooooooobooo 230 S. Hirose, H. Uragaki and T. Sendal] J. of the Japanese Society for Non-
gboboboblopgmbooooooooooooo Destructive Inspection, 3601 198701, 881.
gooooooooboooooooooooooooo 240 S. Satonaka, |. Tatsukawa and M. YamamotoO Quarterly J. of the Japanese
godoooooobooooooboooooooooo Welding Society, 300 19850 , 875.
ogooooboooo 250 N. Ishikawa and T. Fujimoril] Tetsu-to-Hagané, 710 19850 , 2420
OO0oooooooooooooooooooooooo 260 J. D. Stover, R. V. Colarik and D. M. Keener: Proceedings of the 31st
go000oob0o0ooo0ooboooooboOooboooDo?2 Mechanical Working and Steel Proceeding Conference, ISS-AIME, October

47 Sanyo Technical Report Vol.7 (2000) No.1



000000000000000000000000

0198907, 431. 340 Ultrasonic Technical Handbook O Nikkan Kogyo Shimbun, Tokyo, 0 199607 ,

270 Peter Glaws[ Japan-US Joint Seminar, 0 199601 , 35. 25.
280 J.Hering: HTM, 5400 199901, 259. 350 S.Kasori: The ultrasonic wave and its application, DenpalJ jikken-sha, Tokyo,
290 T. Matsuzaki, H. Tanaka, H. Nakamura, K. Uchino, and H. KobayashiCl CAMP- [J 197000, 54.

IS1J, 50 19920 , 290. 360 NDI Technical Handbook) Nikkan Kogyo Shimbun, Tokyo,J 19780 , 402.
300 J. Murai, T. Ida and T. Shiraiwall J. of the Japanese Society for Non- 370 JISB 0601 [ 19940 : JIS Handbook.

Destructive Inspection, 470 19980 . 380 ASTM E1270 Annual Book of ASTM Standards  Vol. 03.03,0 199501 .
310 Fujimori: Electronics Books -Application of Ultrasonic Technique-, Akiba- 390 R.T.DeHoff and F.N.Rhines[J Quantitative Microscopy, McGraw-Hill,

Shuppan, 00 19860 , 26. [0 19680, 128.
320 Unpublished work, Kraut Kramer, [ 198901 . 400 Y.MurakamilJ Metal Fatigue - Effects of Small Defects and Nonmetallic
330 New NDI Technical HandbookD Nikkan Kogyo Shimbun, Tokyo, O 199207, Inclusions, Yokendo, Tokyo, O 19930 , 233.

234. 410 E.J.GumbelD Statistics of Extremes, [ 195701 .

Sanyo Technical Report Vol.7 (2000) No.1

48



