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Fig 5.1.2 Schematic illustration of joint for evaluation.
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Fig 5.2.1.1 Schematic illustration of observation area for fracture surface
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Fig. 5.3.1 Schematic illustration of the measurement area for the lap fillet joint’s cross-section.
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Fig. 5.8.1 Schematic illustration of the specimen for the lap fillet joint.
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Fig. 5.3.2 Schematic illustrations of arrangement of the laser beam and filler wire.

Table 5.3.1 Brazing condition of 270 MPa steel / A5052 flare joint using FCW.

Laser type LD
Laser power, kW 40~5.6
Collimator, mm 80
Brazing speed, m/min 50~9.0
Vb : Vi 1:2.5
Power supply distance, mm 50
Wire feeding direction Forward
Wire feeding angle, deg 45
Ar shielding Coaxial 20
gas, L/min After 40

Table 5.3.2 Laser irradiation condition of ¢3/2.5X8.

A I B
Core, um 400
Focus lens 600 i 500
Homogenizer none i LL2.146
Defocus length, mm 0 I 0
Spot size, mm $3 : 2.5%8
Laser irradiation angle, deg 6.0 i -10.5
Laser spot distance, mm 2.5
Wire feeding position, mm 2.0 (from ¢3)
Wire feeding position 2 , mm root
Laser irradiation position, mm root
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Fig.5.4.1.1 Fracture surface of 270 MPa class GA steel / A5052 flare joint in forward wire feeding,
Vp:Vs = 1:2.5, using FCW Alu S4Le, ¢3 / 2.5%8 spot.
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Fig. 5.4.1.2 Fracture surface of 270 MPa class CR steel / A5052 flare joint in forward wire feeding,
Vp:Vi = 1:2.5, using FCW Alu S4Le, ¢3 / 2.5%8 spot.
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Base metal : Gl steel, A5052, Filler wire : Alu S4Le (¢ 1.2 mm),
Brazing speed : 5.0 m/min, Wire feeding speed : 12.5 m/min,
Laser power : 5.5 kW, Wire feeding direction : Forward
Laser spot size : ¢3 /2.5 x 8 mm, Wire current : 214 A,
10 um
10 um

N D39 x50 2mm

Fig. 5.4.2.1 SEM micrographs of 270 MPa class Gl steel / A5052 flare joint in forward wire feeding,
Vb =5.0 m/min, LP = 5.5 kW, using FCW Alu S4Le, ¢3 / 2.5%8 spot.
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Base metal : Gl steel, A5052, Filler wire : Alu S4Le (¢ 1.2 mm),
Brazing speed : 6.0 m/min, Wire feeding speed : 15.0 m/min,
Laser power : 4.0 kW, Wire feeding direction : Forward
Laser spot size : ¢$3 /2.5 x 8 mm, Wire current : 269 A,
10 um
L1
1

15 um

N D44 x50 2 mm

Fig. 5.4.2.2 SEM micrographs of 270 MPa class Gl steel / A5052 flare joint in forward wire feeding,
Vb = 6.0 m/min, LP = 4.0 kW, using FCW Alu S4Le, ¢3 / 2.5%8 spot.



Base metal : GA steel, A5052, Filler wire : Alu S4Le (¢ 1.2 mm),
Brazing speed : 5.0 m/min, Wire feeding speed : 12.5 m/min,

Laser power : 5.6 kW, Wire feeding direction : Forward
Laser spot size : $3 /2.5 x 8 mm, Wirecurrent : 239 A,

1mm

Fig. 5.4.2.3 SEM micrographs of 270 MPa class GA steel / A5052 flare joint in forward wire feeding,

50 um ' 10 um
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Base metal : GA steel, AS052, Filler wire : Alu S4Le (¢ 1.2 mm),

Brazing speed : 9.0 m/min, Wire feeding speed : 22.5 m/min,

Laser power: 5.69 kW, Wire feeding direction : Forward €
Laser spot size : $3 /2.5 x 8 mm, Wirecurrent : 229 A,

p—__ l 10 um
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15 um

N D40 x50 2mm
Fig. 5.4.2.4 SEM micrographs of 270 MPa class GA steel / A5052 flare joint in forward wire feeding,
Vb =9.0 m/min, LP = 5.6 kW, using FCW Alu S4Le, ¢3 / 2.5%8 spot.



Base metal : CR steel, A5052, Filler wire : Alu S4Le (¢ 1.2 mm),
Brazing speed : 5.0 m/min, Wire feeding speed : 12.5 m/min,
Laser power : 4.87 kW, Wire feeding direction : Forward

Laser spot size : $3 /2.5 x 8 mm, Wirecurrent : 238 A,
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N D38 x50 2mm
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Fig. 5.4.2.5 SEM micrographs of 270 MPa class CR steel / A5052 flare joint in forward wire feeding,
Vb =5.0 m/min, LP = 4.8 kW, using FCW Alu S4Le, ¢3 / 2.5%8 spot.

Base metal : CR steel, A5052, Filler wire : Alu S4Le (¢ 1.2 mm),
Brazing speed : 6.0 m/min, Wire feeding speed : 15.0 m/min,
Laser power : 4.04 kW, Wire feeding direction : Forward

Laser spot size : $3 /2.5 x 8 mm, Wirecurrent : 229 A,
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N D37 x50 2mm

Fig. 5.4.2.6 SEM micrographs of 270 MPa class CR steel / A5052 flare joint in forward wire feeding,
Vb = 6.0 m/min, LP = 4.0 kW, using FCW Alu S4Le, ¢3 / 2.5%8 spot.
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Fig. 5.4.2.7 Graph of distance of base line and IMC thickness 270 MPa class Gl steel / A5052 flare joint in forward
wire feeding, using FCW Alu S4Le, ¢3 / 2.5%8 spot.
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Fig. 5.4.2.8 Graph of distance of base line and IMC thickness 270 MPa class Gl steel / A5052 flare joint in forward
wire feeding, using FCW Alu S4Le, ¢3 / 2.5%8 spot.
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Fig. 5.4.2.9 Graph of distance of base line and IMC thickness 270 MPa class CR steel / A5052 flare joint in forward

wire feeding, using FCW Alu S4Le, ¢3/2.5%8 spot.
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Brazing speed : 5.0 m/min, Wire feeding speed : 12.5 m/min,
Laser power : 5.6 kW, Wire feeding direction : Forward
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Fig. 5.4.2.10 EDX micrographs of 270 MPa class GA steel / A5052 flare joint in forward wire feeding,
Vb = 5.0 m/min, LP = 5.6 kW, using FCW Alu S4Le, ¢3 / 2.5%8 spot.




Base metal: CR steel, A5052, Filler wire : Alu S4Le (¢ 1.2 mm),
Brazing speed : 5.0 m/min, Wire feeding speed : 12.5 m/min,
Laser power : 4.87 kW, Wire feeding direction : Forward

Laser spot size : $3/2.5x 8 mm, Wirecurrent : 238 A,
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Fig. 5.4.2.11 EDX micrographs of 270 MPa class CR steel / A5052 flare joint in forward wire feeding,
Vb =5.0 m/min, LP = 4.87 kW, using FCW Alu S4Le, ¢3/2.5x8 spot.
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