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Behavior of Fracture Deviation in the Iupact Test of Narrow Laser Telds
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ABSTRACT

The Charpy V impact test on subsize was performed on narrow laser welds of
low carbon steel sheets, joined by using a continuous wave 3k¥ CO; laser.
Under certain conditions, a bimodal fracture behaviour has been experienced in
Charpy V impact test of narrow laser beam welds. Deviation of the fracture
path from the fusion zone into the base metal was dominated at high test
temperature, It can be seen that the deviation always occurred after ductile
initiation. If the deviation occurs on a small testing specimen, the same
trend would happen on the actual laser welded structure, Fracture will then

propagate through the base material even if the weld metal has lov toughness.
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(1) Goldak J, A, et al,, 1977, “fundamental difficulty in Charpy V notch

testing narrow zones in welds”, Welding J.,56. 4, 119s-125s.

Table 1. Chemical compositions of carbon steels.

C Mn Si P S Al

4mm steel | 0.122 0.56 0.058 0.007 0.006 0.062

6mm steel | 0.127 0.71 0.003 0.011 0.006 0.076

Table 2. Charpy V tests of laser welds for 4 ma thick carbon steel,
(P=2.5 kW, V=0.8 m/min, single pass welding)

Specimen No, Test temp. Absorbed energy Mean value Fracture mode

(°C) (J/cm?) (Jscm2)
C1-21 20 107 Ductile, Deviation
C1-22 20 107 100 Ductile, Deviation
C1-23 20 86 Ductile, Deviation
Cl1-24 0 107 Ductile, Deviation
C1-25 0 46 82 Brittle
C1-26 0 92 Ductile, Deviation
C1-27 -20 77 Brittle
C1-28 -20 67 72 Brittle
C1-29 -20 95* Ductile, Deviation
C1-30 -40 37 Brittle
C1-31 -40 107* 41 Ductile, Deviation
C1-32 -40 46 Brittle
C1-33 -60 6 Brittle
C1-34 -60 31 28 Brittle
C1-35 -60 49 Brittle

® These are not included in the mean value because of fracture deviation.
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Table 3. Charpy V tests of laser welds for 6 mm thick carbon steel.
(P=2.5 kW, V=1.5 m/min, dual pass welding)

Specimen No, Test temp. Absorbed energy Mean value Fracture mode

(°C) (J/cm?) (J/cm?)
Cl1-41 20 112 . Ductile, Deviation
C1-42 20 102 113 Ductile, Deviation
C1-43 20 127 Ductile, Deviation
C1-44 0 86 Ductile + Brittle
C1-45 0 88 83 Ductile + Brittle
C1-46 0 76 Ductile + Brittle
C1-47 -20 47 Ductile + Brittle
Ci-48 -20 41 60 Ductile + Brittle
C1-49 -20 92 Ductile + Brittle
C1-50 -40 76 Ductile + Brittle
C1-51 -40 33 54 Brittle
C1-52 -40 55 Brittle
C1-53 -60 29 Brittle
C1-54 -60 29 26 Brittle
C1-55 -60 20 Brittle

(2) (b)

Fig. 1 Macrosections of laser butt welds. (a) Single pass weld of 4 mm thick
steel, P=2,5 kW, V=0.8 m/min, (b) Dual pass weld of 6 mm thick steel,
P=2.5 k%, V=1.5 m/min.
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Fig. 2 Comparison of impact values for 4 mm thick steel
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Fig. 3 Comparison of impact values for 6 mm thick steel.
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