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It is of practical interest to obtain efficient Ai-Cu-joints, for example pipe-lines 
in a refrigeration unit, made by fusion butt welding and friction welding. With fusion 
welding a liquid phase forms which is squeezed out during upsetting of the contact zone. 

With friction welding there is no liquid phase and friction forces provide thermal 
activation of the surfaces being joined. 

The structure and properties of Al-~u-joints made by thermomechancial and mechanical 
welding have been studied. Fusion butt welding and friction welding was performed on pipe 
8 mm in diameter with a wall thickness of 1.5 mm made of copper M2 and aluminum ADI° 

In Fig. la, b the transition zone of joints is presented. With fusion welding its 
width h = 20-25 pm (average microhardness value 82 H), and with friction welding h = 10-14 
pin (68 H). 

' i .  ~. t i ~ . - ~ , ~ i ' .  . -  " , ' ~  

~,.~ ~ ,~-~ 

im 
•/-.,,.! ,:" . : / - /2 

Fig. I. Structure of joints made by fusion butt welding 
(a) and friction welding (b), and also the structure of 
the transition zone of a joint prepared by fusion welding 
(c): a, b) x500; c) x3680. 
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Results of microhardness measurements (measured in a PMT-3 instrument with a load of 
0.i N each 5 pm) showed that in the transition zone of all of the test welded joints there 
are no coarse primary crystals of e-phase which have a microhardness of 45-56 H [i]. 

In the transition zone of a joint prepared by fusion butt welding a eutectic probably 
forms which is indicated by the microhardness of this zone (82 H) close to the microhardness 
of the aluminum-copper eutectic (80 H) [i]. The presence of a eutectic in the structure 
of the transition zone is confirmed by the results of studies in a scanning microscope (Fig. 
ic). Apparently fine round inclusions of the eutectic correspond to e-phase. X-ray micro- 
analysis established that in this zone a hypereutectic alloy forms (in atomic fractions) 
9.3% Cu and 89.8% AI. 

Presence in the transition zone of a solid solution of copper in aluminum and e-phase 
in the eutectic is also confirmed by the x-ray structural analysis data given below. 

d, ~ rllII ] 
0,4280/0,2080 O. 12/0,94 
0,2080/0.1409 1.0/0,13 
0,1409/0.1357 0.14/0,21 
0,1357/0,1288 0,5/0,34 
0,1204/0.1221 0 5/0.57 

Note: The numerator gives 
data for specimens after 
fusion welding, and the 
denominator those after 
friction welding. 

The microhardness of the transition zone of a joint made by friction welding is 68 
H, which is typical for solid solution of copper in aluminum. From x-ray analysis data 
its chemical composition is as follows (in atomic fractions): 2.2% Cu and 96.7% AI. Accord- 
ing to the results of x-ray structural analysis the transition zone contains a small amount 
of secondary e-phase. 

Results of the studies showed that with fusion butt welding the joint forms as a result 
of developing a readily melting hypereutectic alloy. It is possible to consider it as a 
solder which provides a joint. 

In friction welding the welded joint forms without developing a liquid phase by a diffusion 
mechanism caused by thermal activation of the surfaces in contact by friction forces. Here 
a narrow transition zone forms in which a solid solution of copper in aluminum predominates. 

Mechanical tests of welded specimens in tension showed that failure occurs through 
the basic metal, i.e., aluminum; of = 58 N/mm 2, which corresponds to the ultimate breaking 
strength for aluminum ADI and it confirms the absence of brittle e-phase in the welded 
joint. 

Conclusions 

i. Formation of a Ai-Cu-joint structure made by butting contact fusion welding occurs 
by a soldering mechanism, i.e., welding with development in the joint of hypereutectic alloy. 

2. The structure of the transition zone of joints made by friction welding consists 
of a solid solution of copper in aluminum with a very small amount (%1.5%) of e-phase which 
provides quite high strength properties for these joints. 
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