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Development of Dissimilar Materials Joining Technologies
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Abstract:

This research aims to improve joining techniques for dissimilar materials. In recent years,
as the demand for lightweight and high-performance materials has increased, the use of
composite materials has also risen. However, the establishment of effective joining techniques
for dissimilar materials remains inadequate. Utilizing friction lap joining (FLJ), we joined
aluminum with both thermoplastic and thermoset CFRPs. Specialized tools and fixtures were
designed and manufactured. Additionally, joining strength was significantly enhanced through
blast surface treatment. In the joining of aluminum and CFRP, strong and durable joins were
achieved, showing the high effectiveness of FLIJ technology in dissimilar material joining.
From now on we will continue to optimize joining conditions, evaluate performance, and
develop products for specific needs.
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Fig.1 Schematic image of friction joining.
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Fig.2 FSW joined aluminum plates. (A5052)
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Fig.3 Appearance of the tool and cross section of the joint.
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Fig.4 Temperature profiles of the joint by joining speed.
(Joining conditions: tool rotation 2000 rpm, insertion 0.9 mm,
tilt angle 3 degrees)
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Fig.5 Temperature profiles of the joint by tool rotation.
(Joining conditions: joining speed 1200mm/min, insertion 0.9 mm,
tilt angle 3 degrees)
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Fig.6 Comparison of cross sections by joining speed.
(tool rotation:2000 rpm)
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Fig.7 Test piece for tensile shear test.
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Fig.8 Results of tensile shear fracture load under each condition.
(Insertion : 0.9mm, Tilt angle : 3degrees)
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Fig.9 Fractured surfaces and side views of FLJ joints formed at various
joining speeds after tensile shear test. (tool rotation:2000 rpm)
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Fig.10 Fractured surfaces and side views of tool rotation 2400rpm,
joining speed 400mm/min, broken part appearance.
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Cross-sectional macrostructure

Fig.11 Cross-section macrostructure of a joint between aluminum
plate and thermoplastic CFRP plate.
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Fig.12 Temperature profiles of the joint by tool rotation.

(Joining conditions: joining speed 400mm/min, insertion
0.9 mm, tilt angle 3 degrees)
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Fig.13 Temperature profiles of the joint by joining speed.
(Joining conditions: tool rotation: 2000 rpm, insertion: 0.9 mm,
tilt angle: 3 degrees)
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Fig.14 Change in pressing pressure with respect to joining speed.
(Joining conditions: tool rotation 2000 rpm, insertion 0.9 mm,
tilt angle 3 degrees)
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Fig.15 Results of tensile shear fracture load under each condition.
(Insertion : 0.9mm, Tilt angle : 3degrees)
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Fig.16 Appearance of the broken parts.
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Fig.17 Comparison results with different joining methods.
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Fig.18 Schematic image of blast surface treatment.
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Fig.19 Effects of blast surface treatment.
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Fig.20 Schematic image of FLJ.
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FLJ joining test (a) and Joined product (b).
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