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A High Efficiency Method of Repairing Metal Structure using Local Laser Heating
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Importance of repairing structures in nuclear power plants as countermeasures for Stress
Corrosion Cracking is increasing because many plants are aging. We have developed the
underwater laser beam welding (ULBW) for the repair technique. In order to achieve faster and
widespread repairing, we focused on a top-hat type laser beam and hot-wire system. The top-hat
type laser beam has oblong energy distribution and contributes to expand heating area. The
hot-wire system heats the welding wire before insertion and improves extent of melted welding
wire. First we conducted heat conduction analysis and validated efficiency of the top-hat type
laser beam. Next we conducted welding tests and optimized parameters concerned with welding
condition; laser scanning velocity, wire feeding velocity, and heating current. Consequently we
demonstrated the possibility of high speed welding as twice as our traditional underwater laser
welding by combination of top-hat type laser beam and hot-wire system.
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Width of laser beam

Fig. 1 The energy distribution of laser beam
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Fig.2 Analytical model
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Heat input (a.u.) ;Q/Q,

Position {a.u.)

Fig.3 Concept of oblong heat source
Table.1 Analytical conditions

i J/(g-K) W/(mm - K)
20 0.452 0.0146
100 0.494 0.0156
300 0.523 0.017
500 0.553 0.0197
700 0.578 0.0224
1400 0.620 0.0276
<0Oblong>> <Gaussian>
AA section 1500°C AA section

BB section

Fig.4 The results of heat conduction analysis
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Laser head
Laser scanning

Gas nozzle Wire feed device

Specimen(SUS304)

Fig.5 Experimental setup

Table.2 Chemical composition

Chemical Composition (%)
Si Mn P S Ni Cr |Mo
X 100{ X 100| X 100| X 1000| X 1000| X 100| X 100| —
5 43 110 32 2 807 | 1814 | -

Laser scanning o

Repairing area
Cross-section: & more than 1 mm in thickness
elliptically-shape

X
h \//
15mm W
A
Weld overlay
Fig.6 Shape of weld overlay

Table.3 Variation range of test parameters

30 or 40
700 ~ 1300
140 ~ 330

Scan velocity cm/min
Feeding velocity cm/min
HeatCurrent A

Fig.7 The way of evaluating area more than 1mm in

thickness
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Image of hi|

Overview

Smm

Unmelted wire

Evaluated area more than 1mm in thickness :0 cm?/min

Fig.8 The experimental result (Heating current 170A,
Feeding velocity 700cm/min, Laser scan velocity 30cm/min)

speed camera

Image of high speed camera

Shorted and sputtered wire
Evaluated area more than 1mim in thickness :38.8 cm®/min

Fig.9 The experimental result
(Heating current 330A, Feeding velocity 1100cm/min,

Laser scan velocity 40cm/min)

Image of hi eed camera

Fig.10 The experimental result
(Heating current 300A, Feeding velocity 1300cm/min,
Laser scan velocity 40cm/min)
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Fig.11 The relationship between phenomena
and test parameters
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