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A Study on The Angular Distortion in Tee Type Full Penetrated Welded
Joint Fabricated by The Laser-arc Hybrid Welding *

by TSUMURA Shuichi**, MURAKAMI Koji *** and GOTOH Koji ***

The reducing effect of the angular distortion in Tee type full penetrated welded joint fabricated by the laser-arc hybrid welding was
investigated. The Angular distortion caused by the laser-arc hybrid welding were measured and compared with one caused by the CO, gas
shielded arc welding. As a result, the amount of angular distortion by the laser-arc hybrid welding was the same level as one in case of forming
the leg size of F1 grade regulated by Common Structural Rules for Bulk Carriers (CSR-B) by applying arc welding. In addition, numerical
analysis of the welding deformation was carried out by the thermal elastic-plastic finite element analysis and these results were generally
consistent with the measured results. Moreover the effect on FE result of the penetrated shape was discussed.

Key Words: laser-arc hybrid welding, angular distortion, heat input parameter, FE analysis
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Table 1 Chemical compositions and mechanical properties of applied steel plate

Mechanical properties Chemical compositions (mass %)
Thickness Yield Tensile El "
(mm) Strength strength 01(1‘52; ron C Si Mn P S
(
(MPa) (MPa)
14mm 355 490 16 0.15 0.27 1.08 0.018 0.002
21mm 355 490 18 0.15 0.27 1.08 0.018 0.002
Table 2 Welding condition
Welding current (A) 450
Welding voltage (V) 26.5
Laser power (kW) 8.0
Travel speed (mm/min) 750, 1000 (Standard condition), 1250, 1500
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Fig.1 Location of measuring temperature and vertical displacement
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Fig.2 Procedure for measuring the angular distortion
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Fig.3 Location of measuring out-of-displacement

IIl,lIHW

—y
Fig.4 Cross section of standard welding condition
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(a) Travel speed: 1,500 mm/min
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Elapsed time after point 3 has reached
the max. temperature [s]

0 50 100 150 200 250

250 T ‘ ‘
Weld side | |
a'y \ \
200r | | 1
O
o B L
5] Temperature used for the calculation
o150 | 1
© \
= |
5100 \ ]
aQ 89
£ | 8 Begey
: |
50 o | | T
& I I
T O Point1 O Point2 & Point 3 V Point5
. . . [ [
00 50 100 150 200 250 300

Time [s]

(d) Travel speed: 750 mm/min

Fig.5 Temperature histories during the welding processes

Table3 Valuesof Q. ,and Q_ /h

exp? net

Travel speed (mm/min) 750 1000 1250 1500

Qexp (J/mm) 1745 1491 1253 1163

Oner/ h? (J/mm3) 5.94 5.07 4.26 3.96

ORNMHEZBRELTEY, WHHTFSRBRED 1T

LWRDH)HLHAFHORE ¢+ (mm) %HE#EL L TI0==20

PR

CBRIEEMREF0 (777 v baA LK, K OB
D) O¥AE 07+ (mm) LR

“Fl RKEWR 7775y Ve BT 5HEME) o4
04¢t+20 (mm) PLL

‘F2 BiEM O 7% h5—TL— %) OBE031+
20 (mm) MLk

OHMEEZFEETLLIBEL TS, —H, "L 7 v FiE
BEHWTAE L2417 &, THABEEKTZMEET
B B RAABRRTFNEEIRZ L EPMRETH S
72, NA Ty FEBICL ) EfESR T IIR O
BESRTH L FOERULOBELHFETLEMEFEINS.
Fig. 1 12" THRTIZDOWT CSR-BRDEEX 7T & D
VW E L(mm) 2 KO, 1 N A G T ORBHT AT — 7 548
TZOMEZEERT 5720 LERERE A QMI/m) %
AR TEM L2, T72@RD X ) ITRIEH AT — 2
BHOABRFEZ 08 L LT, EWKRO Al 0, 5 L7z,

0=0.03312
0,=080

CDIERD ABE Q03 1 282§D, Fat2/32 5
Aoz LT, 33/ THBRAETFIME AEEOFHEEZITVA
BT A—% 0 [ EHEH L. fEE% Table 4 1R,



198 Wigea

HEAML D L= - T =N A7)y FERICE D RYESNTIRTICA U5 MRS S 5 —iET

Table 4 Values of heat input parameter to satisfy CSR-B

Class FO F1 F2
Leg length (mm) 9.8 7.6 6.2
Onet/ 2 (J/mm?3) 10.8 6.5 43
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Fig.6 Comparison of angular distortion of T-joint made by Laser-arc
hybrid welding and arc welding

Fig.7 FE idealization of tee joint (arrows: position for out-of-plane
support)
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Table 5 Parameter of Goldak's Model

Welding direction Length of heat source parameters (mm)
heat a b G c.
source
Fore length (€ 1) Rear length(€; )
Laser 1 12 1 1
Depth(b!
epthib) Arc 7 7 2 6
Arc heat source 250 T T T
Exp. FEM
A Point1 O ——
Laser heat source 45° 52 point2 O  ........
S — 200f f : Point3 ¢  ——— 1
,,,,19,,{,,,,:::::::::::::;:::;f:?::‘:ts:- A \ K-\ Point4 A —_——
15} - Point 5
| | o
0150
2
©
[
(O]
£
£100
|_
Archeatsource |  EE |
¢ heat source | E 50 J
Laser heat source S r o
---------------- R e i e
41_0_0_.‘
107
o 1 1 1
0 50 100 150 200

Fig.9 Positions of the arc and laser heat sources
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Fig. 11 Supposed weld metal regions
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Fig.12 Distribution of out-of-plane displacement

Table 6 Comparison of angular distortion between FE result and measured one

FE result
(Unit: radian X 10-%) Measured result
Model A Model B Model C
Values of angular distortion 2 8) 0.8689 0.8602 0.8647
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