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Fig. 2 Series of aluminum alloys.
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Fig. 3 Cause and effect diagram on arc welding joints.
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Fig. 4 Schematic models in formation of eutectic-melting
and micro-fissuring in 2-pass welds of aluminum
alloys.
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Fig. 7 Schematic diagram of hydrogen solubility curve.
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Fig. 6 Cause and effect diagram to prevent voids.
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Table 3 Comparison with welding and joining technologies for vehicles.
Joint type . Cost Controlling Degree of
Thickness Joint Welding Dggree of HAZ Inner Work | difficulty on
Technology .. speed | difficulty on . . p P
(mm) Bat | Fillet | Lap |[Precision| (% o | tomation |Initial | Running| 3red inperfection | environment | dissimilar
joint
Arc MIG 10~ |OK| OK | OK OK ~10 OK Mid | Mid |Large| Care Care Care
welding | TIG ~30 |OK| OK |OK| OK ~05 Care |Small| Mid |Large| OK Care Care
Resistance spot welding | Total 10 | NG | NG | OK OK ~18 OK Mid | Large | Small OK Care Care
Adhesion Total 10 | NG | NG | OK OK - Care |Small| Mid |Small| OK Care OK
Friction stir welding ~50 | OK | Care |Care| NG ~6.0 OK Mid | Small | Mid OK OK OK
Friction stir spot Total 60| NG | NG |OK| OK | ~18 OK | Mid | Small |Small| OK OK | Care
welding
Self piercing rivet Total 6.0 | NG | NG | OK OK ~18 OK Mid | Large | Small OK OK OK
Laser welding ~10 OK | OK | OK NG ~10 OK Large | Large | Small| Care Care Care
Hybrid laser welding ~10 | OK | OK | OK | Care ~50 OK Large| Large | Small| OK Care Care
TAHEEME, Ry MERT 4 Vb Eo HEME~ Table 4 Examples of ways to select welding methods.
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e . i F
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Table 5 Examples of vehicles made of aluminum.

Fig. 8 Monocoque structure vehicle

(NSX/HONDA).

Aluminum type ratio/ % Welding and joining methods
Structure Car / maker - - -
Plate | Extrusion | Cast Arc Spot SPR | Clinch | Laser |Adhesion
Nsx / honda 1990~| 88 12 0 O O
Monocoque
X]J / Jaguar 2003~| 85 10 5 O O
A8 / Audi 1194~| 55 23 22 O O O O
Insight / honda 1999~| 57 18 25 O O
Space frame |A2/Audi 1999~ 57 30 13 O O O
360Modena/Ferrari ~ 1999~| 18 48 38 O O O
New A8/Audi 2002~| 67 21 12 O O O
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Fig. 9 Friction stir spot welding.
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Fig. 12 Formation situation of inter metallic compound
layers (heat input : too high).
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Fig. 14 Compression stress - strain curves of Al-Fe
series inter metallic compounds.
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Fig. 13 Al-Fe phase diagram and inter metallic compounds.
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Fig. 15 Relationship between inter metallic compounds
and interface properties of aluminum and steel.
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Table 6 Welding and joining methods to fabricate 15) BOLLHOFF : RIVTAC® The innovative hihg-speed
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