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Fatigue Strength of Spot-welded Joints of Aluminum Alloy Sheetswith
Solidification Cracking Nugget and Its I mprovement

Jun Takagi, Nobuyuki Mori, Masao Fujimoto
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Abstract

Solidification cracking occasionally occurs in a spot-welded part of aluminum alloy sheet joints. The
box section beam constructed by spot-welds fractured from such solidification cracking parts in the flange
under cyclic bending load. It was found that the fatigue crack started from the solidification cracking and
that the fatigue strength of the box section beam has the same level as that of the spot-welded double sheet
specimen under cyclic tensile load. When the solidification cracking was reduced by the optimized
welding condition, the fatigue strength was improved significantly. This improvement was verified for
three types of aluminum alloy sheets: Al- Mg sheet, Al-Cu-Mg sheet, and Al-Mg-Si sheet.
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Table 1 Mechanical properties of materials.

Material
A5032
A2024
AB061

Yield strength MPa| Tensile strength MPa
124 280
75 185
55 125

Elongation %
33
20
25
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Fig. 2  Typicd solidification cracking of spot-welded

nugget by X-ray micrograph.
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2) Spot welded double sheets specimen

Welding condition(conventional)

Electrode

Cu-Cr ¢ 16 X 6A(40R)

Welding current kA

26

Welding time  cycles

6

Welding force N

2940

Fig. 1 Fatigue test specimens and welding condition of those specimens.
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Fig. 400000000000000AMOO0O Fig. 3 Position of strain gages installed.
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Fig. 4 AM-Nf relation and typical fatigue failure of box beam specimen.
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Fig. 5 AL-Nf relation and typical fatigue failure of spot-welded double sheeets specimen.
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Fig. 6 Comparison of fatigue strength between two
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Fig. 7 Observation of spot-welded nugget.
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Fig. 9  AL-Nf relations of spot-welded double sheets

specimen.

Table 2 Hardness of welding part (Hv).
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Table 3 Comparison of fatigue strength (Strain range).

Welding Center of Surface of

condition nugget section | electrode mark Base metd
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Fig. 10 Ae-Nf relations of spot-welded double sheets
specimen.
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Fig. 11 Ae-Nf relations of box beam specimen.
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1) Conventional welding condition

Fig. 12 X-ray micrographs of spot-welded nugget of
Al-Cu-Mg dloy.

8000,

6000}
Optimized

_ welding condition
4000t o

2000

Load range AL N

Conventional
welding condition

1000~
801004 1 ; S ; 6 ! 7

Number of cycles to failure Nf

Fig. 13 AL-Nf relations of spot-welded double sheets

specimen of Al-Cu-Mg dlloy.
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Fig. 14 X-ray micrographs of spot-welded nugget of
Al-Mg-Si dloy.
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Fig. 15 AL-Nf relations of spot-welded double sheets
specimen of Al-Cu-Mg alloy.
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