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Experimental Verification on the Detectability of Surface Flaws at Fillet
Weld Hills by Ultrasonic Method
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Abstract

Ultrasonic nondestructive evaluation(UNDE) technique is commonly used for detecting inner defects
in the materials. Recently, new methods are trying to apply for detecting surface and subsurface flaws
using Rayleigh wave or creeping wave. These techniques, however, have following problems. Echo
amplitude is remarkably affected by the surface conditions and discrimination of echo pattern is
usually difficult because shear wave propagate in the material at the same time. We can apply surface
SH-wave(which is horizontally polarized shear wave traveling along near surface layer) technique to
detect surface flaws.

In this paper, directivity, distance amplitude characteristics and detectability of surface flaws at fillet
weld hills of the 5 MHz and 2 MHz surface SH~wave are experimentally investigated. As a result of the
study, it was found out that these techniques are valuable for the detection of fatigue cracks at fillet
weld heels which can not be detected by other ultrasonic techniques such as angle beam technique and
which are inaccessible for non-destructive testings e.g. MT(magnetic particle testing) or PT(liquid
penetrant testing).

) {Received October 5, 1999)

Key Words : Ultrasonic nondestructive evaluation, Surface SH-wave, Directivity, Distance amplitude characteristics, Fillet weld hill,
Surface flaw, Detectability

o B#sld] i HEV} Y3 s7H3 Yok A%

1. M o & 2433 Qe AXERE Rk EHATH(ER

A3t 23 23 € JEAge R Rt Aol 7t

AE7A FWe] A= A9 20-309d /tEHT Folvh BEHRAT 7AAGA nRE Gl A7

Sl WAy, A f3tEt SUES AdAY 717189 diid] $HdSY B 2EETY A R 1 A

kAA S| gt ezt JokA 2 ek ol E Adule] ¢F 3y F83A €

A 2 AgA g AEFHASE AT 2PE, # 2 ®WSH(horizontally shear wave)&a3to]

2359 AFAuFANAT B}k (quantitative P EH EE FUAS AEHE 7€ g 2
nondestructive eval- uation:QNDE)71¢] &%  A77} F422 AR50 A,

& Ag gt Aol §3), AFT2E, Hv 9 B 9 B9 AFAEE A viAAAEHL
71719 ARz FRAAT YT ol ARHE E AEREARMD), AFFEARAPT) Ex o

46 Journal of KWS, Vol. 18, No. 1, February, 2000



Z25ud o¢ B 44U ¥ WA A& B3 AP 23

47

AFEIAR(ET) S 2 &5 231 o}, 2
g, ol WY 2E AAbetaR e A¥AY F
Fu g ZA AgkE e, Aghe] zlo], #3
4 Eol& FFAH R Hriste AL T/}, 53,
AlgA o FHTo] Brbed Atde AL ¢ gid
ol sl F& YRAF] HEol o] &= & 2 &
SN o] RAATY] HEd H &3t 2L M
B Age] HZ Al=H 1 Ut

2ol gt ¥ 9 o 2] AYAEE A&
= Yo 2 B8 (Rayleigh wave; A8 A E9
FH o AFshe Yube} e T Eo] FE}
= ¥99), ZYHH(creeping wave), FERS
(Lamb wave) ¥ EHSH®7 &% A2 7| =
=

e A8 EHAM EHOZRE 193 A%
o] glolAA e A E Aaty] & Fo57} &
BAEe Sl EHIW) JyFota EH) N7 A
o] Aol v S FE3 RHA S (subsurface) 2
&L Brbsstn FR47E $e Afol BH o
Fmm ZEAA &9t Agsla FBH sk A
Aol 7Ved Aoz Budm Yo, a8y, 7]E4
o2 EHAE B9 99 A gt add o
47 23 weEfel 2t yeld ¢ gl7] Wi B9
Ao Gg-g i) 4

APe F - AL By GoldRA| g 3yl
ogt kAR FAlof HA3t7] v o] B ERF] &
el Az o] offal, AdolAe ofiix]
o] dE7t A%44 02 SV(vertically shear wave) ¥
2 ¥ (mode conversion)dte] Assts] &
o Z47F ARG, 282 =2 (Lamb
wave)¥ Q2] AFRyl ERsln AlgA e T
o} Fug Foll A JgE won upgo] Aot
243 ¢ e A Aok

o]l Whe] wd] EHSHu | o3 B4 &
gte] R Fako] @A HePdty] Wi EHAH
o] dgko] Az & Rl Al EA A Y
e 9 9 gEe] d¥HE 9 Yl f&
o Ao HaHy itk ZUSHoe EEwgto|y
&7t fln Al o3 ZH = ¥lmy Hou}
AGA NER QA7 2@ ol A HEn)
Ao el v+ a8,

o] 43 o] Wl &AL RERAN TAge &
HAgolut AAg EAdte ZRAS dE€ET g
o Al AHE H 48 A5 FAET JFo A%}
AY B e A 349 gkl g W
74 Bt At B2 olggo] dAdE Y &

RIS $1848 B19E, 20004 27

HSHIPE & &8l B4 &S A9 ¥
@3 g8y FERAN THste dEEdl
FEE AR 4.

2 47X E EHSHY B34 93 294 A
&5 Fre8AE AEH R AF] A8l EUSHS
GEA] AP, AN EEY §& &8, AlE
Ao xrid 7h3e Hort v £3Y Ad, AAe
RY 2 5o AYAESRA, 4% 29 wd4
ol i EASHY e A EsS AL &
F 250 EEA e o B9 9 EUR-9 |5y
HAL 718 ANE Al Zskaa) gt

2. EHSHI} EHAlo] B

dukH oz A o453 e Yo AF
L AFRES A}2EE SVHe} SHYE oAt
Fig. 13 Fig. 2= SVt SHote] Anbepal e et
W ek, Ao ALeEE SVakel g4vks
A F34 5MHzel A$ 287 35 ~80° F =0l
). 2y, EWUSHIHE Fig 29 2o] 3ve 4
NEAZ YALA7]7] HEo] AARS] e A
wol W A ARAA YA} 7h58A D

-~ = Probe
;

Longitudinal wave

Fig. 1 Incidence of SV-wave

Transverse wave
\

. SH wave

............................

Fig. 2 Incidence of SH-wave

E, TE2FH WAL Ae REwe] dojuRled
7l Rl BARY ol AEdt A o] folstrt. 2

- g A AdAF] YA

47



48

%o 2o AT

7] Mgl 2avte] YAl ¥ ot la 44
A=Y SHYAD2E e HEAY AHgo] &
THIL UG
7E AEFTF2ENY A%E7159 Y85 7
E—‘?—OM B Y Fig 3% Zo] $399%
€ we gdHEd UJrE‘r 45~55" AR LA
7§—r7]' ¥t KS B 0896(-84 79 253944
v 9 AIT?JQLM -E~ )l g Hl e
V—’r”"”ﬁ S BE H8E A gUeydy §
FolM dYste FRAEL GAES 9949 4
5}7%‘% Aol AAIZ EAldte B¢ daYE A%
dlse H&o] ozl it OME} AR} e A
F B FF A% e 2 (FET onﬂl&
o :27t dAse] ARE B S % A)7F dA 3o
A 7tell B2 ozl 2ol e Aoz deA o

Fillet weld ==~

,7*= Gap
SH Probe ’

\
V- -~ Fatigue crack

Fig. 8 Crack detection at heel of fillet weld

3.1 AEEX|

B Ao ZHSHY 98 gHddE &S 9
3 Fig. 49 Zo] Y2gAY] 2EHASA A8 S F
A, 2599EAE Japan Probe(F)A9 &
HSHHSEEFA 5C10X 10SH-90 ¥ 27Z10x 108H-

908 AMEIITE. 250 N B YA SA AW NSE
Exe gER £AE 259 3432 235§
o A-scan mode® EAH 1L o] FAIE &9 AT
AFE 9 RS232C ¥Woz Qe g o] 204 A
ZH(real time) A-scan EAIE T}

Azud-e Ao gEAe] HEGHo | HEY
g, A& Aol F¥Fded L, HENEZY
7 4 559 A el TRSHe) WIS
ol g&td 4 V] Wi HEWARZ HAMAEE
(7)A1¢) 2UZE SHN 10, 20, 30, 40, 50) &3

fr

48

Ae WENAE QAT 2399 AgdE A
FAHATE Aoz

3kgd &
=

g3l o 28 5

R8232C

Personal Computer

Print
Fig. 4 Schematic diagram of experimental apparatus

& Adel A4 AFEL 124 B wge
#al STB-Al, STB-A2 EFAYHE ARSI
™, Fig. 5% 2& Az o7t b <A (Slit) A4
HA(AE SB410)# Fig. 6% Z& BAER(SIit)E
Alm_—g AHESERTE. 7A@ o] AlgHe
AFAol(ge)) e 2.0mme st AFe AAk= 0
10, 20, 30, 40, 50,.60, 70° 2 }ATh,

25

100

A

2mm

Fig. 6 Surface breaking slit of inclination(h=2mm)

71231, SDH(Side Drill Hole)* & #, Sonaspec-
t10n(-r)°ﬂ"1 FE AT 25HAEAANE LY To| &
£459 808F 9 gHAY AFAT AFHE A
39Tt

Journal of KWS, Vol. 18, No. 1, February, 2000



25 o3 B §HUF) BHEE AETd #E AP A 49

3.2 Alg{HIE

EHSHIEEAY] AL g&3AY] FEEaE
ez en, FFEA 23 PEL STB-
Al EFAEEHY 256mmA S o) &3] Z2FHUSE
ZAeg. 2HHY 2% F BUSHY o329 A&y
3L Table 19 2%7/9 =g SDHE A&
331, Fig. 79 o] 334 oz UAYPALE 50,
30me] A 2HAA HooREolE FH Y.
dzEole] &L do] Imm, ¢1.5mm(Z%= 88.2°
Ax)e] SDHERE S Ao smxolgd CRTZ
80% % ZA s Z+7ke] SDHel tial FHulolzzol

€ et

Surface SH-wave probe

[P S—

Ty

Side drill hole

—=-——p Scanning

d=1~5015

Fig. 7 Measuring method of echo amplitude

Table 1 Test specimens used for experiments (unit mm)
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B 70 350 | 415 | 1~5 1
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Fig. 12 A-scan display for weld deféect indication
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