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6 Conclusions

Copper and aluminum tubes were bonded by the spin-
bonding process to produce a two layers clad tube.
Evaluation of the bond quality at various thickness
reductions and process temperatures leads to the following
conclusions:

1. The threshold thickness reduction for spin bonding of
Cu/Al is about 30%. Similar to other cold and warm
bonding processes, the bond strength is increased by
deformation after this threshold value.

2. The SEM micrograph of the peel surface of copper
illustrates that fracture of the oxide film occurs in a
shear manner. These shears are intensified by shear
stress and strains applied during spin bonding, making
it appropriate to bonding of the copper tube.

3. Increasing the process temperature leads to the reduc-
tion of the bond strength. It is shown that the brittle
intermetallic layer formed at high temperatures is the
main cause of this reduction.

4. By comparison of the FEM simulations, which do not
consider the bonding constraint, with the experiments, a
procedure is proposed and used for indirect calculation
of the bonding length.

5. Based on the calculations of bonding length and the
bonding mechanism, a model for the bond strength at
spin bonding is developed in which the bond strength is
contributed to two distinguished parts of before and
after bonding section.
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