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Fig. 1€ C-scan 23 4|8] R4 zo|t}, 2AA = &
A F37 80MHz, 238 A# 25mm, A% 5mm
B9 PVDF 253 ©&A9) pulser/pre-amplifier
module HIS1901, gated RF signal$ $13F module
HIS 1006, attenuator, filter module HIS1011-& 233k
Fab ol Zo] 15MHzAlA 150MHzE  FoieQ)
Karutkramer®2] HIS2 high frequency flaw detector, &

Lecrory Digital
Oscilloscope

HIS2 High Frequency
Flaw Detector

I\ }

C-Scanning Plotter
Ultrasonic Manipulator
Transducer

L‘ Controller PC

l

Printer

Water

Specimen

Fig. 1. Block diagram of the immersion system for

high—frequency ultrasonic C-scan

293, o)y
%, 3% 7%9) scanner, Lecroy digitai oscilloscope,
PC, laser printer, plotter® A3 8t ¢}

22. SIC Mi2te] AlHEY|

LFog 285 G4 olsta At iy W
R HEe] 7ted 2T ZVE ¢ st @
A 2719 dREC] AYE SIC A AlAE
v 3tk £ Y (infiltration) 22 YE7F 100#m
A 200xm M} Fe(AR #1), Y= 36umolA
50xm WA Fe 4AH#2)9} 50 4mA 7] 9] pore#3)
E A9 e SiC MEte AHES 47 #Hstdn &
A7 (sintering) 2. 2 SiCol Y% 100 2 moll A 200 1
m ¥ WCH), 9% 36umolA 50xm HYY
WCH#), Y45 100 molA 200 m HA Y SiH6), o
T 36xmillAM 50pm BHY Si YARAFNES 4L
ANAES FrEh Table 19] x99 AJH S A2
sto] YEAEE AJHY FAE AlHoA Y 253
o] 22 g 15 4mm FAR gkA FvlE Ak

A K

2.3. C-scanning
231, nF I HEE

A el vAREe 2] %% C-scan
A 289 BEAZEY AWAR ) A E T4mm
97 -3dBAA 20MHzel E7thele] ‘50MHze]
band-pass filterg AFE3}th Fig. 2& ojwje] AjHA

Table 1. SiC ceramic specimens 4mm with inclusions

Material | Inclusion Pamcle NO.’ of
Size( xm) Specimen
Fe 100~200 #1
Infiltrated
SiC Ceramic Fe 36 50. #2
. Pore 50 #3
wC 100~200 #4
Sintered SiC| WC 36~50 #
Ceramic Si 100~200 #6
St 36~50 #7
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Fig 2. (a) Full range signal(hor. : 5 us/div., ver.: linear)
(b) the first echo obtained by reflection testing for
the top surface of a specimen at the distance
of 74mm from the PVDF transducer with
50MHz band-pass filter (hor. : 50ns/div., ver. :
linear)
{c) frequency spectrum of the echothor.:
20MHz/div., ver. : 20dB/div.)
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Fig. 3. (@) Full range signal(hor. : 2us/div., ver. : linear)
(b) the first back wall echo obtained by testing
of the SiC ceramic specimen 4mm thick at
the distance of 7.4mm from the PVDF
transducer(hor. : 50ns/div., ver. : lingar)
(c) frequency spectrum of the echothor.:
20MHz/ div., ver. : 20dB/div.)
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Fig 4. (@) Full range signal(hor. : 10 us/div., ver. : linear)
(b) the first echo obtained by reflection testing
for the top surface of a specimen at the
distance of 21mm from the PVDF transducer
with 50MHz band-pass filter(hor. : 50ns/div.,
ver. : linear)
‘(o) frequency spectrum of the echothor.:
20MHz/div., ver. : 20dB/div.)
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Z83te 22 Ao distd C-scan
T334t Fig. 45 259 B2 256 A 87
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SiC Matelel olMzg HE

Fig. 5, Fig. 6, Fig. 72 Z+Z+ A1 ¥ #1, #2, #3¢ &}
o Fig. 3coll VEbd vhe} & 100MHz7HA 9] a5t
g+ HAE 23 2899 FEZNA C-scand
sle] ¥ imageEolth

Fig. 5914 100~200m 2712 Fe YA gt
At Az HAY §& ge2 vebvta e 20
dBol el =2 4Asd FS(S/NHZ Yeldes &
itk ZE AEQ 71 & S/NHE 39 3
22 F2 YL 42 100~200xm BHY
A7lelA "t 500 xme] A7) Y= E FEE Hole
dl o] Ferl &3 o SiC Algteel Fdg o &
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?JX}5°] 4 AEHL e ¢ &

£
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C-SCTANBY PYDF TRANSDU

efitrate $:0 Coram e ate Foocfoere “05 . 200 ur

Fig. 5. C-scan image obtained in the high frequency
detection field up to 100 MHz for the specimen
of #1

A=, ol

Fig. 6o14 4t9)® 36~50um 719 Fe YAE0]
A 20dBelde] SN HIZ2 AZ2FASS & + Aok
Fig. 59] 100~200um 3719 Fe YRSl Aol A
Bol= gk e) Ao H|3te] ZHA vhehta 9ick
23 Fig. 5914 Ueld Fe AEE9] gojg|z Ho
T & skEe vehvx ¥n ok

C-SCAN BY PVDF TRANSDUCER

Infiltrated SiC Ceramic with Fe of size 36 - 50 um

Fig. 6. C-scan image obtained in thé high frequency
detection field up to 100 MHz for the specimen
of #2

C-SCAN BY PVDF TRANSDUCER
i

inliitrated SiC Ceramic with Pores of size 50 um 184600

| IR
5.

Fig. 7. C-scan image obtained in the high frequency
- detection field up to 100MHz for the specimen

of #3
50#m 2719 poreE ¥4 Fig. 79 Bol|Xo] &
TEEZ FEEE ¢ 7 e pore—a‘°] -6737‘] ne

i }J—l_o]b =2 qu:\: 5!_0]7(]“ ‘_"i'l'z—'] °iF1g 59 +}
EbQ 100~200 £ me] =719 Z3tol ¥ imagedl H
;A= 24 283 Fig. 69 Uebd 36~50m E9)
o] Ago) e AA SHHAEE ¢ F I
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#6, #79)_thsho] 10MHz7AX| o) 1754 M98 23
@ 2¢5}e) 7EBAA C-scang 3] 2L images
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Fig. 10. C-scan image obtained in the high frequency
detection field up to 100MHz for the specimen
of #6

C-SCAN BY PYDF TRANSDUCER
Sintered SIC Ceramic with Si of size 35-50 um

ny
007 1

Fig. 8. C-scan image obtained in_the hlgh frequency
detection-field up to 100MHz for the’ spec&men
of #4

Fig. 11. C-scan image obtained in the high frequency
detection field up to 100MHz for the specimen
of #7
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Fig. 9. C-scan image obtained in the high frequency

detection field up to 100MHz for the specimen = M
of #5 LAY OR ﬁ.}%}% 1}—;——3—
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C SCAN OF PVDF TRANSDUCER

infiltrated SIC Ceramic with Fe of size 100 - 200 um

1x1 mm

Fig. 12. C-scan image obtained in lower frequency
detection field up to 60MHz for the specimen
of #1

OF PVOF TRANSDUCER

infiltrated $IC Ceeamic vath Fro of size 35 - 50 um

Fig. 13. C-scan image obtained in lower frequency

detection field up to 60MHz for the specimen
of #2
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C SCAN OF PVDF TRANSDUCER

Sintered Si1C Ceramic with Sy of size 36-50 um

Fig. 14. C-scan image obtained in lower frequency
detection field up to 60MHz for the specimen
of #7
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Detection of Small Flaws in SiC Structural Ceramic
in High Frequency Detection Field

Byoung—-Geuk Kim and S. S. Lee
NDE Group, Failure Prevention Research Center
Korea Research Institute of Standards and Science, Taejon 305-600

Abstract It has been required to find flaws smaller than 100 #m by fracture mechanic consideration. We
prepared the infiltrated and sintered SiC structural ceramic specimens including artificial flaws, Fe, pore,
WC, Si particles of size ranging from 36uxm to 200 #m. We performed C-scan for the specimen using a
high frequency and broad-band ultrasonic transducer to employ polyvinylidene fluoride(PVDF) and a
broad-band electric scanning system. The flaws in the ceramic specimens were detected in the high
frequency detection field up to 100MHz. But, the flaws were not detected in lower frequency detection
field up to 60MHz. The ratio of the detected smallest flaw size to the wavelength calculated at the
center frequency, 80MHz, was about 0.25 in Rayleigh scattering region.
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