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Basis Investigation on Practical Use of Weld Defects Inspection using
Ultrasonic Phased Array at Shipbuilding Field

KUWA Takanori*!, TAGUCHI Hiroyuki*?, ANDO Yojiro*?, KANEKO Masayuki*?,

ARAKANE Takuya*!, MUTA Ryotaro*?, OGATA Hironori*?, MATSUOKA Kazuhiko**,
OKADA Koichi** and YAJIMA Hiroshi*®

Summary

Welding of hull structural materials is an indispensable technique for the ship
construction. If a serious defect exists in a welded joint and grows up, it can lead to the
damage of the ship structure, and finally to some significant accidents, such as pollutant
spills or danger to the life of crew member.

As conventional techniques to check the internal defect in welded joints, radiographic
testing (RT) and ultrasonic testing (UT) are used. Recently, thanks to the rapid progress
and spread of digital technology in various fields, an inspection technique of phased array
ultrasonic testing combining visualization technology has been released, which can make
it possible to inspect the internal defect in welded joint just after welding and check the
defect visually on site. The inspection technique like this is expected to contribute to the
improvement of welding technology and upgrading the skills of welding engineers.

In this study, to utilize the phased array ultrasonic testing to the ship construction, many
types of welded joint specimens with various welding defects were prepared and inspected
for these internal defects in the welded joints by phased array ultrasonic testing. In
addition, these results were evaluated, comparing with the inspection results by
radiographic testing.

Keywords : non destructive inspection, welding defect, butt welded joint, ultrasonic phased array, shipbuilding site
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Fig.1 Outline of ultrasonic testing

Fig.2 Outline of weld defects inspection
using ultrasonic phased array
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Table 1 Chemical composition of test steel plates

(wt %)
Thick.

Steel Plate| t C|Si{Mn|] P| S|N|Cr|Mo| N
(mm)

MS 15 10.17 [0.24|0.85(0.014(0.002| — | — | — | —

SUS316LN | 17.5 | 0.014/0.69)0.53 [0.0290.000|10.59 18.18 | 2.84 | 0.17

SUS329J3L] 19 {0.011(0.56|1.82 (0.027]0.000| 5.81(22.55| 3.08 | 0.17

SUS329J3L| 14

0.012{0.32/0.91 |0.024[0.000| 5.43(22.23| 3.20 | 0.18
~Clad” |(3+11)

* SUS329J3L Steel Plate: Thick. 3mm

Table 2 Mechanical properties of test steel plates

Thick. Proof Tensile | Elongation
swaps || Sy St
(mm) | (N/mm?) | (N/mm?) (%)
MS 15 310 462 27
SUS316LN 17.5 381 663 52
SUS329J3L 19 619 783 32

SUS329J3L 14

—Clad” | (3+11) 433 550 23

* Full-Thickness Tensile Test (14mm)
Test Specimen:JIS Z No.14B

Table 3 Chemical composition of welding wire
(wt %)

Weldi . .
\:I' "1 c|Si|Mn| P|S|N|Cr|Mo|Cul| N
ire
NSSW
%1 [0.06 |0.50/1.40{0.015(0.010) — | — ( — | — | —
SF-1
GFW 0.025]0.60]1.23 10.0180.002(13.16/22.82| 2.88 [0.09 | —
s0omoL. *2| - .60{1.23 |0. . . . .88 (0.
GFW 0.030(0.45|0.74 10.017 (0.003| 8.66(23.12| 3.60 {0.060(0.134
3993l *3| O .45(0.74 |0. . . . . . .

*1 : JIS Z 3313 T49J0T1-1CA-UH5
*2 @ JIS Z 3323 TS309LMo-FCO
*3 @ JIS Z 3323 TS2209-FCO

Table 4 Mechanical properties of welding wire

Proof Tensile | Elongation
Welding Wi Stress | Strength
elding Wire 1y s. T.S. El.
(N/mm?) | (N/mm?) (%)
NSSW sF-1 *' 520 580 28
GFW309MoL*2 535 715 27
GFW329J3L™* 645 818 21

*1:JIS Z 3313 T49J0T1-CA-UH5
*2:JIS Z 3323 TS309LMo-FCO
*3:JIS Z 3323 TS2209-FCO
*4:Test Specimen:JIS Z No.1

3.2 XRKaEWIE L7 ReTREMFRABRA

PR L 72 KB & NTE L 72 28 A S iR Bk 3l T DT
W sHE—#%, Figd (o573, £72, R LR
h—%i% Table 5 (23, MIEICHEA] L 7= K4 NTE
LB AL, B A (Fr—5—n) - RBA B
(AT 7&EiAR) - A C @AERR) - WA
D (R#imiRA) - RBAF E (WEE - BEWD
D) - (Ta—Fk—nN) -BEHFF (v 7a—
A=) R B G MEER) - WBA H R
) - (BE—=F Fv FLr—1F) B #RBA I
(BEEIn) Th oD,

REFE LT, R A (Tu—F—) OBEHER
fE% Table 6 (2, R/ H (B FmE7) - (B—
K Fv FU— NEH) OBREESAMEE Table 7 (277
S 6z, AgA H oWrmiigX 4 Fig.b 127,

MR LR oREFE LT, R A (Tu—
A—/) % Fig6 12, RBH H CHEFmEET)
(=K v FL— R NEH) % Fig 7057,

FTo, BT DMEENK T Lictk, MEGE 28
Wr U CRERR L 72 Wi o~ 7 afilik o\ &6l %, Fig,8~
Fig.10 (2R, A8 U 7oA S Ik T N K B as N
FELTNAEZ L RHERTET,

PR

5U5329J3L - Clad Steel Plate
Groove : Clad Steel Plate

L

SUS329J3L-Clad Steel Plate
Groove : Base Plate Side

17~22

290

t (mm)
M3 15
SUS316LN 17.5
SUS329J 3L 19
5058329J3L-Clad 14

_ 160 | [d
Fig.4 Shape and size of specimen A (Blow Hole)
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Table 7 Welding parameters of specimen H
(Strip Plane Defect)

Speci men No. Steel Plate Memo
A1 M1d Steel
, A A2 SUS316LN
ﬁ:’o‘: e A3 SUS329J3L
A-4 | SUS329J3L-Cl ad Groove: Ol ad S. P. Side
A5 | SUS329J3L-Cl ad | Groove: Base Plate Side
B-1 Mld Steel
B-1-2 Mld Steel
Spooi s B-1-3 Mld Steel
eci men
(Sl ag Incl usi on) B2 SUS316LN
B-3 SUS320J3L
B-4 SUS329J3L-C ad Groove: O ad S. P. Si de
B-5 SUS329J3L-C ad Groove: Base Plate Side
o1 Mld Steel
Speci o o2 SUS316LN
eci men
(Lack of Fusion) o-3 SUS329J3L
C-4 | SUS329J3L-Cl ad Groove: Gl ad S.P.Side
O-5 | 8US329J3L-Cl ad | Groove: Base Plate Side
D-1 Mld Steel
Speci men D D-2 SUS316LN
(M ngling of D-3 SUS329J3L
Inpurities) D-4 | SUS329J3L-Cl ad Groove: Gl ad S. P. Si de
D-5 SUS329J3L-Cl ad Groove: Base Plate Side
(=] Mld Steel
i sz“:]m;;' E E-2 SUS316LN
M osal i 5"":::)"“ E-3 SUS329J3L
(Bl ow Hol e) E-4 SUS329J3L-d ad Groove: O ad S. P. Side
E-5 SUS329J3L-Cl ad Groove: Base Plate Side
F—1 Mid Steel
Speci men F F-2 SUS316LN
(Angul ar Di stortion) F-3 SUS329J3L
(Bl ow Hol o) F-4 | SUS329J3L-Cl ad Groove: O ad S. P. Si de
F—5 | SUS329J3L-Cl ad | Groove: Base Plate Side
a1 Mid Steel
Spooi o G2 SUS316LN
eci men
(Longi tudi nal Crack) —2 SUS329J3L
G-4 | SUS329J3L-Cl ad Groove: Gl ad S. P. Side
G5 | SUS329J3L-Glad | Groove: Base Plate Side
H-1 MId Steel
H-2 SUS316LN
Speci men H H-3 SUS329J3L
(Strip Plane Defect) Thin Steel Plate Weld on
(Boad on Plate Weld) | H-4 | SUS320J3L-Clad | 5y steel Plate Surface
Thin Steel Plate Weld on
H5 | SUS329J3L-C ad Base Plate Surface
1-1-1 Mld Steel
Speci men 1 1-1-2 Mld Steel
(Transverse Crack) | 1-4-1 | SUS329J3L-Clad | Ol ad Steel Plate Surface
1-4-2 | SUS329J3L-Cl ad | Ol ad Steel Plate Surface
. TEST TEST-1 | SUS329J3L-Clad | Groove: Base Plate Side
Sf;’:,:":bl o TEST-2 | SUS329J3L-Cl ad | Groove: Base Plate Side
TEST-3 | SUS329J3L-Cl ad Groove: Clad S.P. Side

S.P.: Steel Plate

Table 6 Welding parameters of specimen A

(Blow Hole)
Steel . . Welding| Arc | Travel | Heat
Plate V(;lzl)cilneg W\?\Ili‘::g Current|Voltage| Speed | Input
(No.) v @ | & |em/min)kd/cm)
KA 190~ | 24~ 14~
(A-1) SE1 a0 | a0 VT2 g
SuUS
316LN- GFW (190~ | 24~ 17~24 14~
315M 309MoL | 220 32 23
(A-2)
SuUs
- GFW 190~ | 24~ 14~
329J3L 17~24
(A-3) 329J3L | 220 32 23
1,2 Pass:|190~ | 24~ 14~
SUS \,_..45'-..? SF-1 240 30 17~21 24
829J3L ‘vm 3,4 Pass:
—Clad ' . ~ ~ ~
() (/3] or 2;(2)0 3(3)2 20~24 121
cae 329J3L
SuUs Wy
329J3L ([ ¥ ; GFW 190~ | 24~ 14~
—Clad !vm 329J3L | 220 32 17~24 21
(A-5) ]

(Bead on Plate Weld)
Steel ) Welding| Arc | Travel | Heat
Plate Welding Current|Voltage| Speed | Input
Groove
(No.) (A) V) |(cm/min)|(kJ/cm)
KA 210~ | 30~ 16~
(H-1) 220 | 32 (20724 g
SuUs
316LN 210~ | 30~ 18~22 17~
-315M 309MolL | 220 32 23
(H-2)
SuUs
210~ | 30~ 17~
329J3L 18~22
(H-3) 220 32 23
sus 12 Pass 1910~ | 30~ | ool 17~
329J3L ﬁ 220 | 32 23
—Clad T
— 210~ | 30~ 16~
(H-4) 3 290 32 20~24 21
SUS | g |1APasS2I0M4 30 |1g~op) 1]
e IR Y.
—Clad 210~ | 30~ 18~22 17~
(H-5) 3 220 32 23
Polishing of #100 Fillet Weld
Sandpaper TIG Weld
d ~ n-\ ‘
Base Plate \
v \\
. \_| SUS 816L (15mm X 5mm)
Bead on Plate Weld or Mild Steel (8mm X 5mm)

Fig.5 View of section for specimen H

Fig.6 View of specimen A (Blow Hole)
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F-2: SUS316LN Steel

H-5

Fig.7 View of specimen H (Strip Plane Defect)
(Bead on Plate Weld)

 F-5:SU329J3L-Clad Steel
(Groove : Base Plate Side)

Fig.9 Macro-structures of specimen F-2 and F-5 cross
section (Angular Distortion ) (Blow Hole)

A-1: Mild Steel

H-3: SUS329J3L Steel

A-2: SUS316LN Steel

Fig.8 Macro-structures of specimen A-1 and A-2 cross
section (Blow Hole)
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H-4: SUS329J3L-Clad Steel

U T OB E R & Jt L 72 (Groove : Clad Steel Plate Side)
REGIE LT, ABRA A-1 (T r—FR—L) O Fig.10 Macro-structures of specimen
FBRRBERO T 4 VDL, TANDERT T LY H-3 and H-4 cross section

. _ (Strip Plane Defect)
@ Fig 11 12575 (Bead on Plate Weld)
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Radiographic Test Result (Sketch)

Cross Sectlon
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L Side (180° Turning)

'— X=2.60mm (From Center of Bead)
Y=12.39mm

T, (From Surface of Steel Plate)
Cross Section (R Side)

Fig.12 Relation between radiographic test result
(Sketch) and ultrasonic phased array
inspection (Specimen A-1)
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b) Result of Penetrant Test

Fig.13 Result of penetrant test
(Specimen I-4-2)
(Transverse Crack)
SUS329J3L-Clad Steel Plate
Groove : Clad Steel Plate Side

Radiographic Test Result (Sketch)
Cross Section
-**b- -h;.s _"_u,,- .

L Side (180° Turnlng)

X=1.41mm (From Center of Bead)
¥=12.64mm

(From Surface of Steel Plate)
Cross Section (R Side)

Fig.14 Relation between radiographic test result
(Sketch) and ultrasonic phased array
inspection (Specimen A-2)
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Radiographic Test Result (Sketch)

C Scope

Fig.16 Relation between radiographic test result
(Sketch) and ultrasonic phased array
inspection (Specimen TEST-1)
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