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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 oy [MPa] op [MPa] Elong. [%]
KA36 0.16 0.23 0.99 0.02 0.006 389 523 25
KC-550 0.05 0.7 1.9 0.01 0.01 571 621 30
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w) Welding direction
=
-

LHA

I
AHA  Arc torch angle with horizontal [degree] : :1 LvsWL LPA  Laser push angle [degree]
LHA  Laser head angle with horizontal [degree] o ADA  Arc drag angle [degree]
AvsWL Distance between weld line and arc torch aiming point [mm] DLT  Distance between laser radiation point and arc torch aiming
LvsWL Distance between weld line and laser radiation point [mm] point parallel to weld line [mm]

(A) View from the side (B) View from the top
Fig. 1 Schematic of arc torch and laser head position in LAHW-HB.

Table 2 Welding condition.

Test ID. HBI1 HB-S1 HB-S2
Arc current [A] 400 300 400
Arc voltage [V] 36.0 26.0 36.0
Laser power [kW] 16.0 16.0 16.0
LvsWL [mm] (Ref. Fig. 1) +0.0 +0.5 +0.5
= Travel speed [mm/min] 800 800 800
Fig. 2 Appearance of groove at front side. Supporting sheet (Block) Nothing Applied Applied
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Lack of fusion

Flank angle
Abt. 78 deg.
Toe radius /
Abt. 0.36 mm

N2

(A) Front bead (B) Back bead
Fig. 3 Photograph of bead appearance.

Fig. 4 Result of macroscopic test, HB1.
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Fig. 5 Molded refractory. Fig. 6 Mechanism of LAHW-HB. Fig. 7 LAHW-HB with supporting sheet.
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(A) Front bead (B) Back bead (A) Front bead (B) Back bead
Fig. 8 Bead appearance of test ID. HB-S1. Fig. 9 Bead appearance of test ID. HB-S2.
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, » (A) Front side (B) Back side
Fig. 10 Result of macroscopic test, HB-S2. Fig. 11 Result of Vickers hardness.

K, =1+ C-F(h/t)-F(w/t)-F(0)-(t/p)°® O

F(h/t) = 1.0 — exp(—10.4 - (h/£)*7%)
F(w/t) = 1.0 — exp(—4.92 - (w/t)*13)

F(0) = {1.0 — exp(—4.10 - (p/t)%1° - ( / 180) - 6)}/{1.0 — exp(—4.10 - (p/t)°10 - (m/2))}
C =0.322

h: BEES [mm], ¢ HJE [mm], w: REEE [mm], 0: 777 [degree], p : IR E Y42 [mm]
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