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A Study on Practical Fabrication Method in Tee Type Full Penetrated Welded Joint
under Long Distance Welding Fabricated by the Laser-Arc Hybrid Welding

by Takamori Uemura, Student Member

Koji Gotoh, Member

Tomoya Uchimura

Summary

With the aim of introducing laser-arc hybrid welding (LAHW) into the field of large steel shipbuilding, a study was carried out to construct
a T-shaped fully penetrating welded joint with a weld length of 3,000 mm in one pass. Tack welding for the installation of members, which is
a preliminary step of LAHW, was carried out by CO, gas shielded arc welding. Since the effect of the main welding by LAHW on the tack
welding has not been sufficiently confirmed, preliminary investigations were also carried out. As a result of repeated preliminary experiments,
a T-shaped fully penetrating welded joint with a weld length of 3,000 mm was completed by the arc welding before the laser irradiation, unlike
previous studies. The performance of the joint was evaluated by Radiographic test and macroscopic observation of the weld line cross-section
in accordance with the "Laser-Arc Hybrid Welding Guideline™ published by the Nippon Kaiji Kyokai, (ClassNK) and it was confirmed that
the T-shaped joint could be obtained within the acceptable range. Considering that fatigue is the main cause of damage in welded joints, the
fatigue performance of the joints was also investigated. As a result, the fatigue strength of the T-joint by LAHW using flux-cored wire was
superior to that of the joint by LAHW preceded by laser irradiation using solid wire. Furthermore, all the fatigue cracks, which were fluctuating
in the previous study, were located at the weld toe on the back side of the flange in the method proposed in this study. This result is favorable
or the maintenance of the joint because it reduces the number of monitoring positions for fatigue cracks. In addition, it was confirmed that the
application of the A-shaped groove is promising as a method to increase the welding speed and to extend the range of possible thicknesses,
which is a challenge for the LAHW method of welded joints in thick plates.
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Table 1 Chemical compositions and mechanical properties of applied steel plate and weld wire.

Chemical compositions [mass %] Mechanical properties
C Si Mn P S ov [MPa] o8 [MPa] Elong. [%]
KA 0.13 0.14 0.78 0.021 0.003 320 441 32
DW-100 0.05 0.45 1.35 0.013 0.009 510 570 26
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Tack weld

Fig. 1 Schematic about relationship between tack weld and
penetration of L-A Hybrid welding.

~—
=
ole

(T
—d 2 (/ 0 | IRV | O d
7 Lot
(a) Before removmg tack weld
Fig. 3
2.2 BEBTEH

T EEERE LT VA A //\»—&Fﬁﬂﬁﬂ‘ﬁ/\/vx
HEREERE (&1~ 48 WB-P500L) , L —¥JsiEss &
T7 7 A N L —¥ 4R (IPG Photonics #18¢ YLS-ZOOOO-SZ)
ERWTHER SN NA T v NEBEEBEZEA L. 2h
ORISR IIRE LB~ = o L—& (%) B8
MHB8O0II) DJediic B Y T, WHLE R L OV L —F RUR{L
BEAyITA T 4—F 7 L. REEBOIMEE Fig. 4
[abi

/ Arc touch and cable

”7' - Connected to “WB-P500L"

\L'as r'head Connected to “YLS-20000-S2"

Fig. 4  Photograph of L-A Hybrid welding for T-joint.

. Predicted “plume” direction

Fig. 2 Cross-sectional macroscopic observation with tack welding
by CO2 arc welding at back side.
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(b) After removmg tack weld

< Wi

Photograph at tack welding by CO: arc welding.
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Table 2 Welding conditions with I-shaped groove.

Test ID HT-Lx1000TH1

HT-Lx1000TH2

HT-Lx2000 HT-Lx3000

Weld length [mm] 1,000

1,000 2,000 3,000

Arc current [A] / Arc voltage [V]

400/35.5

Leading heat

Arc leading (Distance between torches: about 3 mm)

Travel speed [mm/min]

900

Defocus distance [mm]

15 (above the web surface), Laser beam waist is 1.4 mm (At just focus: 0.5 mm)

Laser power [KW] 16.0 16.5 16.0 | 16.0 ~ 16.5
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R DIRE R A2 L.
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Temperature history ~ TH05 Angular distortion : 26
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elding

After W

Displacement

Before welding” 1' ’
Fig.5  Schematic illustration of temperature history measuring
points and angular deformation measurements.

ﬁﬁ@ﬁ%ﬁﬁﬁi@%%%wﬁﬁﬁ%F@5K%#.%

B EOF RN if?&wﬁﬁ%(?ﬁy%%W%%Dh
100M) ZHWo. AEFEEOFHFERE Fig.6 12, BHE 0
mm Hi i A FETE Lf:I*)iﬁﬁ’ﬁ%K@%Z{ig% Fig. 7 2, &R
100 mm 5% ¥ m F UL U Em o FRAT & MRS LR
% Fig. 8 [Z/”"9. F7=, Fig. 5 1/R L& (THOL 205
THO5) 2RI 2 IREREIEA Fig. 9 1T d. AXKBEIZOV
T, M7 OFHUALE L EROR TR O E TH Y, Fig.
6 DALE (ithh) XFHSn-AE (20) %2 THRLE
HTHD.

Weld length [mm]
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weld line.
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Fig. 7  Distribution of vertical displacement of edge on flange in
the direction of the weld line.

1.0

L O HT-Lx1000TH1 4 HT-Lx2000
0O HT-Lx3000

o
3
I

o
o

EE
R e,

o PN
o
r o

Op

L o
o
0 oo o
o

o
6]
I

Rate of changing
about leg length

1000 2000 3000
Weld length [mm]
Fig. 8 Rate change in leg length of the base plate opposite the
plane of incidence of welding.

s
o
o



BHENRL 213 EAZFE R L O RO HEREIX
K& R DMEM %R U, AERRITEER DYE T, 207
RITVEBERA 213 5 ClRORAT D 2 L AR S iz, &
72, BALEIC OV TSR TR L2 ko fE CET 5 &
Fig. 10 2R & D 1T RENLAHT £ ComE s,
] — DRI EICIFAET 2 R fei Uiz, AL &I XA AT
(Bt 23 0 Z598) &t 23 0 B OBEIECTH 5720, &

Lx1000TH1 DO HIEM MU OFRERFE R & Bp 528 %278 L
THY, ZHUTEMELE e & ORI X 2 B HEH &
D FEAIREE DB TSR 2 DT A % ORFFER
ME LTV,

i v — RO TR EHE, WHEEORS, bbbl
— OGRS LT LTEBY, L—F~y FAD
B AR D BROTHR T L — LD EIZE b2
I LA U —HELIZ L D L —F OABGRIN T OFE 203

BRI NLE CAEIR EEMEO B — 7 fLEN 72 5 H A
IIMERE AN D B O ETH D LHEE D, HER ID: HT-
400 400
300} § ¢ Jl 3001 9§
— & —e— THO1 — o\
) ¢ &
g o ¢
g 3
£ £
i e
d el ) ) ) o K

0 200 400 600 800 0 200
Time from welding start. [second)]

() TestID. HT-Lx1000TH1
Fig. 9  Temperature history.

3.2 BERIZRBABR

MFEOMBEIZONWTHARBHRBRICEI DT A RF 1102
RSN D B LA ICUE U b L OB e E
it U7z, YRR 3,000 mm #kF o fiE THME O —E8% Fig. 11 12
Y. MREERERTE— FERAY—TH Y, ERAk
FICH L TRE LB TN TR TH D = L NHERTE
5. Flz, LA TXEMEHLTAT 7 & FEE L7241 % Fig.

WRTA, HELED AT 7 RBEENRD TR\ & 25
Méhﬁ.iﬁbz NAT Yy REBEEEZ AW TR
B A DS, EWNIZHET 5 — &7 FCW 28R L T
ZELZZDIRNEHREIND.

NAT Yy FERECTRES R T FISHLTHA FT
AV TER SN D RBULIEMIERS, < 7 vl L OWE &
RO ITEE Th 5. IEMERBRII N N U 7 OFRE THE
T4 1,000 mm Z & AU U721k, BAHERE ~26 A LR
TR A S L. FEERBR ORI % Table 3 12,
ARG R % Table 4 12777, BT ZEEERERIZ X W O X
FEHIE DS HEH S V728, kAT L2 3610 2 FE Bl ds K OVl
ARRDHERXT — 7 RAEEE OETT Ch o 72, Z 05y
DRMaIE, X TG &3 THAEM 2R L, A%
BRI R A R S W I RET A Z L CRMT 52 &
MTEDLEBZLND.

Time from welding start. [second)]

(b) Test ID. HT-Lx1000TH2

BEis.
0.004
O HT-Lx1000TH1 4 HT-Lx2000
© HT-Lx1000TH2 O HT-Lx3000
— — Dy WL=7.0 X 10" log(WL)-0.0032
£ 0.003 o9t
—e— THO1 5 Dax: Maximum displacement.
- WLTWeld length
o L
E DJZYBB EHEIEEJI \\
< 0.002F .
g s BN N
@ o “~ N, \
‘_gf. o A}fjx \ \ A
o \ \
a /
8 o001l 7, ) !
[/
/AN
‘\,
I 0 000 1 \I 1 1 1 1
600 800 U0 1000 2000 3000

Weld length [mm]

Fig. 10 Relationship between weld length
and vertical displacement.

(a) Front bead, at 200 mm

we
(c) Frontbead, at 1, 400 mm

b A gl
(f) Back bead, at 2,800 mm
Fig. 11 Photograph of bead appearance; Test ID HT-Lx3000.
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(e) Front bead, at 2,800 mm



Fig. 12 Good slag detachability of L-A Hybrid welding.
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Table 3 Condition of radiographic examination.

Applicable code JIS Z 3104

Test stage As welded
Technique Single wall viewing
Equipment RIX-250MC-2
Focus spot size 2.0 X 2.45 mm
Tube voltage 200 kvp

Exposure time 50s.

Source to film distance 630 mm

Effective length of test part 250 mm

Table 4 Result of radiographic examination.

Remarks

Blow hole, ¢ 1.0 mm
Blow hole, ¢ 1.2 mm
Blow hole, ¢ 2.0 mm
Blow hole, ¢ 1.4 mm
Blow hole, ¢ 2.0 mm

Not penetration, L =15 mm

Section
Front, 500 - 750 mm

Front, 1,000 - 1,250 mm

Front, 1,750 - 2,000 mm
Front, 2,250 - 2,500 mm

Front, 2,750 - 3,000 mm

Lack of fusion, L =25 mm

Back, 0 - 250 mm

Not penetration, L =29 mm

Back, 250 - 500 mm

Blow hole, ¢ 1.0mm, N=2

Back, 1,750 - 2,000 mm

Blow hole, ¢ 0.5 mm

Back, 2,250 - 2,500 mm

Blow hole, ¢ 1.6 mm

Back, 2,750 - 3,000 mm

Not penetration, L =53 mm

Weld bead at back side Web

<7

Near at 2,500 mm, Judge: Blow hole

Fig. 13 Photograph of X-ray film. Section: 2,250 — 2,500 mm.
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(a) Back bead appearance (b) Macroscopic observation

Fig. 14 Bead appearance and cross-sectional observation at weld
length around 2,500 mm.

(@) At1,750 mm
Fig. 15 Cross-sectional macroscopic observations.

(b) At 2,750 mm
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Fig. 16 Result of Vickers hardness distribution in the cross section
at weld length 1,750 mm
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Fig. 17 Result of fatigue test for full-penetration T-joint by laser-
arc hybrid welding.
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Fig. 18 Comparison about number of spatters in solid wire or
FCW applied to LAHW by high speed camera.
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Fig. 19 Cross-sectional macroscopic observation, web thickness
is 14 mm in solid wire.
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Fig. 20 Comparison of fatigue test results for welded joints
fabricated using solid wire and FCW.
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(b) After relaxing weld toe
Fig. 21 Photograph at weld toe on flange at back side.
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Fig. 22 Results of fatigue test compared to a T-joint with
relaxed weld toe applied.
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Fig. 23 Photograph at weld toe on flange at back side.
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