The quality of weld lines correlates directly with the quality of hull structures because a hull is constructed by joining many
weld lines. Non-destructive inspection is carried out to maintain the quality of weld lines. Conventional nondestructive testing
is performed by radiographic testing or ultrasonic testing using the angle beam method, both of which are well established
methods. However, the evaluation of the results when using these methods depends on the experience of the measurer.
Furthermore, it takes a relatively long time to measure a wide area. Automatic nondestructive inspection should be possible if
these problems are solved, and the quality of welding can be determined more quantitatively than before. In this study, advanced
ultrasonic measurement methods, the phased array ultrasonic method and time of flight diffraction (TOFD) method, were
investigated for their applicability in the shipbuilding process. These methods are more suitable for automation than

conventional nondestructive testing methods (radiographic testing and ultrasonic testing using the angle beam method) and are
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Abstract

expected to improve the efficiency and accuracy of nondestructive testing.
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EETITETELRNVSDOO, FHERETIITa—0MWEHE L TEHXHITEY RT J:Hfr@%*%#ﬁ%h
TWNDZEMHD. B UT OFE E U CIEFHIRSER S iy N CH D, AR T TRICFRFHDIENTE 5%
AR D A0 RT TS ONR2NE T ORI OFERBIE LN RRENRFET RS, —FT, %ﬂﬁﬂﬁ’%%i
%ﬁé’a&:ﬁ%iﬁi:—wéﬁﬁﬁmm&f‘% D, RT TELID X BREERIF SRR R CTIEvn. = a— iR

IEEHIE OFHREIC X D b 2.

98 mm
70 mm
111 1T
d=10.5 mm d=8.6 mm
45 mm
180 mm
13 RAFGEOHER EERA No. 2)
45 mm
145 mm
15 mm 20 mm
1V 11 11X
d=14.4 mm d=14.8 mm d =129 mm
25 mm
256 mm i
E14 MEFEEOER GAERA No. 3-1)
150 mm _
30 mm
111 111
d=10.5 mm d=14.1 mm
50 mm
270 mm

X 15 MARGEDOER GERA No. 3-2)
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F2lE& 35 (B3 HHHAEER
11
d=14.7 mm
80 mm
180 mm
16 RAFEGEOHER (GEEH No. 3-3)
300 mm
IV
d=13.7 mm
K17 fNAFEGEORERE GEH No. 4)
45 mm
120 mm
40 mm 55 mm
jii TV v
d = 10.6 mni d=12:6 mm d= 116 mm
45 mm
256 mm
18 MAFEGEDHER (GHERF No. 5)
95 mm
68 mm
11 s
d=12.7 mm d=6.9 mm
80 mm
252 mm

®19 MAFGEDOER GEA No. 6)
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4.2 BELGBEREIZLSERERENHER
421 2z—XF7LABEKE PAT) ZDfER

PAUT A2 X 2 3HIIRE A X 20 — (X 27 (233, Wi ORI E TR A ONLE &, HEN B TS O B
AEEZZNENERLTEY, Ao —igEs2 7 —~< v 7 TERLTND KESLHOEOR /T a—2n55<,
L =l — B — RELRDICONTZa—28 5 2 2K L TWD). AL PAUT ik 12 1Ak
BOLAM E N ZENEN 1 ST ORE L CRRllZ T 72720, T—2 122595 5.

X 20 (37858 7 No. 2 DIREFERTH Y, LEAOEM T & HIZ RT 0fHS UT TR SH7-AnE & [ CERTIC S
BOTa—NRNLTHND. K21 1EE20 LITRIDOIOFRERERT, = a—{Ffa KICFHIEOREZ &R~ L7c b
DTHD (B FAX X EMER). K21 D& 7 X2 A% v VEBOHPICITER T VERLZEZRRLTEY, Ml
ENToT a— (TN BRSEOWNER) MHD LD THD Z EREND LD, 20O K H 7B TOIRF
FERFRNTE DI OEME UT IE0N 2720 PAUT IEFFA ORISR TH D, X122 K27 OfER Y, RT <o
A UT LD ETHREFRER L 2o TWD (B X A% ¥ V50D, £ UT L EOERASEOND).

RT, #UTTEHEIE N7
ZAR—F—AHEHELCTND
B TR T O —F MK,

BE RIS OB E A
: o e i
Ii' o - : = el

il

BERAROME
20 PAUT :ZD#ER (GHERF No. 2)

21 £ 8 XFx v VEBOF GHERF No. 2)
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70— — BRI
BT I—AI|BNT NS,

22 PAUT ZD#ER (GHERF No. 3-1)

#h, 7A—h—IEET
BT O— AR,

23 PAUT ZD#ER (GHERF No. 3-2)

7 A—k—ILAET
Io—%KH.

g hiEeET
FELNT O —,

X 24 PAUTZD#ER (GRERF No. 3-3)

ERICHEZRFERD
F-EY &mAlans,

25 PAUT ZOD#ER (GHERF No. 4)
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BIZHF - -RETRRIIER 70— 7T,
EILE > -REeETREEMIn—F T
ZNEThIEZbNTWLS,

X 26 PAUT ZD#ER (GHERF No. 5)

EfEE (k) oFRE
Fenl A, A ml=amREiEiiy

EFYDRZ7EEAARBEFRTIE,
EflZo—ZFicslhoa—,

X 27 PAUTZD#ER (GAERF No. 6)

4.2.2 TOFD iZMD#ER

TOFD {EDFHAIRE R 21X 28 — [¥] 34 127~ 7. [X] 28 133BR T No. 2 @ TOFD {EDOFRER T 5. MR ORENLE T
BRI ONLE %, WIEITRBREOWE S TROMELZ ZNENRLTEBY, fAldoa—MEs* /L —X 77—/
THERLTND BEOEFIIT a2 —MEL, BHZWEE T a =030 2 & 27, BiEO B0 AV Ghoo
a—OFEP) IFREE TZEET s =a—%, FHOAWVRITIER CKH LIcza—2ZhZhE&E L TWD. =
DO ETFTOAWVERORNCIROT 2 =8 U TCWOIUEE T ORMREM N H 5. X 28 GRBR A No.2) Ti, RT, #44 UT,
PAUT WL T8 et (X MREGR E 72 ITEE R T 2 —) BhoETICFARICRV T a—R"RA TN D,
%] 29 — [X] 34 {[ZDW\W T RT, & UT, PAUT THiH &7z &3 L A CEATIC O 2 — 3% 41T\ 5. TOFD
I PAUT EICHEARTETOMBESCY A AOFHAKEENE O E SN TEY, PAUT EE AW AHsET H5%&E )
FFCEDH. 72, X34 TTOFD FEREN—HREL TWBHD, ZiUE Steer ROVER ~DHLY 7 (& % PAUT 44
fih-72587, TOFD $#&fih+73t% A TH Y, PAUT HEfifi+75 No. 6 DRBRIAGERIZE L2 & 2 A THMZK T LT
W, —¥ TOFD {ECTOFHAMT 2 /W EIRNE Ui 7e o Th 5.

7D—¢—»%ﬁt%#®l:<}

ABHOFE 1 ek kel

EmTRHFLATI-

BERAROAME
X 28 TOFD ZD#ER (GHERF No. 2)
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29 TOFD ZD#ER (GHERF No. 3-1)

gh, 7O—k—JL

X 30 TOFD ;ZD#ER (GAERF No. 3-2)

31 TOFD ZD#ER (GHERF No. 3-3)

TOFDZ7A—Z7EEIZL S
REHEIEE, A

— p—

=34 TOFD EDEE (SERA No. 6)
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5. FEH

REESOIEMERE O AL 2 8FHIC, 7 = — X K7 LA BFIEESR TOFD % & o 7= @ B 2 i i s Hl 25
DOIEM TRR~OBH FTREM ARG L. 2D O ER@EHFHITIEL, (6K RT & e 2 &3/l
TODILHEPHADFNEZATZDFEN DD, £z, HERORM UT &5 EIEEERICTRE R TR OEEN
REL D78, R CIAWEHENFICE 2R 801355, Z0kd), mEREENANTEEZ WD Z & T
ekl (iR, RUAPREIEIC X DB ERRERER) L0 & ERFRICARIFHOMRAE DT 2 5 rIHeMED R
eENTz. £z, BREHEBERLIERORREIECHRTEL OFREZEGEATEY, EEROBRHCHEEICAHF]
ThoHIBbhrole. uRy MM ZE# L, BB LRSS OFHITH > THiEkik L RSOHE (27
O ERMEOLNTEY, MEOHFEILHLIFFTE 5.

BRIz m 788 s LT, IFomEARET LS.

® (ERDOMEWEHINE (RUATRENE) (TS LR TE Y b T v TR D ORI Z ET 5.

O GHARFOMEN 7 v —T ONR-oX. EEBRIKNFEEIEE TIER o722 50D, vl y NEEIREHC
DI OENEUBHFREO ) A XE7roT-.

0  EERBEOMIN., 7 = — X BT LA B IESS TOFD IR DORAIREEIC AR TEE R ERAE SN D
728, KEx e HIECRHIGERZ ML TE 5. — 5T, BERBRO S T 76 KRR Z21T 5 (I8 S
(e S AP I A e A

B COMRIN RIS E DT DI21E, LD Z MR 2 Z L1 X0 I E o HEb A2 E814 5 2
ENHARTH 5.

&

WGBS OTERRIC ZH N EWe Yy o= ) a7y MR SHMIRSETT OB IR, JHE
I FG, @7 NI B R v M K D IR & Fh\ o 72V e A ) o S 2RSS O BRI E &
xID.
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