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Yb:YAG Laser and Electron Beam Welding of Ti-6Al1-4V Alloy
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Table 1 Property of Ti-6Al-4V alloy used

Mechanical | Y-S-(MPa) T.S.(MPa) EL(%)
Property 1,000 1,020 11

, N | C H |Fe| 0| A |V |m
Chemical

Composition
(wt%) 0.008]0.0210.0012{0.11{0.12|5.98 | 4.02 | Bal.

Fig. 1 Laser welding system used
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(a) Focal position
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(b) Interfacial bead width

Fig. 2 Definition of focal position and interfacial
bead width

Fig. 3 Electron beam welding system used
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Table 2 Laser butt welding conditions

Laser power Welding Focal Shielding
No. (le\.}) speed position gas flow
(m/min) (mm) rate (1/min)
B1 3.0 2.0 +6
B2 3.0 3.0 +6 20
B3 3.0 4.0 +6

Table 3 Electron beam butt welding conditions

Electron Welding Focal
Current .
No. | beam power (mA) speed position
(kV) (m/min) (mm)
B4 150 6.2 0.55 -60
B5 150 6.2 0.60 -60
B6 150 6.2 0.70 -60
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Fig. 4 Bead shapes for laser butt welding
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Fig. 5 Bead shapes for Electron beam butt welding
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Table 4 Results of tensile strength in laser welding
and electron beam welding

No. Tensile strength (MPa) Note

Bl 1,036

B2 1,018 Laser

B3 1,028

B4 1,008

B5 1,014 Electron beam
B6 1,012

(b) Electron beam

(a) Laser

Fig. 6 Fractured specimens after tensile test
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Table 5 Laser overlap welding conditions

Welding Focal Shielding
Laser power ..
No. (W) speed position gas flow
(m/min) (mm) rate (I/min)
L1 3.5 1.2 -6
L2 3.5 1.3 -6
L3 3.5 1.4 -6
20
14 4.0 0.8 -9
L5 4.0 0.9 -9
L6 4.0 1.0 -9
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Table 6 Electron beam overlap welding conditions

Electron Welding Focal
Current ...

No. | beam power (mA) speed position
(kV) (mm/min) (mm)
L7 120 15 0.60 -65
L8 120 15 0.63 -65
L9 120 15 0.65 -65
L10 120 15 0.68 -65
L11 120 15 0.70 -65
L12 120 15 0.73 -65
No. Top bead Bottom bead Cross-

section
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No. Top bead Bottom bead Cross—section
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Table 7 Measured shear-tensile strength and
interfacial length

Shear Interfacial Fracture
No. strength (N) bead width position Note
(mm)
L1 16,056 1.4
L2 15,567 1.3
L3 15,462 1.2
Laser
14 19,892 1.6
L5 17,398 1.5
L6 16,940 1.5
Interface
L7 20,704 2.0
L8 20,468 1.9
1.9 20,416 1.8 Electron
L10 20,817 1.8 beam
L11 18,704 1.7
L12 18,635 1.7
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Fig. 9 Relationship between interfacial bead width
and shear-tensile load
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Fig. 10 Vickers hardness distribution
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