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Effect of Zn—Al-Si filler metal thickness on microstructure and properties
of Cu/Al tube joints by magnetic pulse assisted semi-solid brazing
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(1. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430030, China;
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Abstract; Combining the advantages of magnetic pulse forming, semi-solid forming and brazing, the method
of magnetic pulse assisted semi-solid brazing was used to realize the connection between Cu/Al tubes. Based
on LS-DYNA, a multi-physics coupling simulation of the brazing process was carried out. The influence of
filler metal thickness on its rheological behavior was analyzed, and a design idea of filler metal thickness was
put forward , comprehensively considering the removal effect of oxide film and the defect of filler metal loss.
The influence of the thickness of semi-solid Zn—15A1-1. 0Si filler metal on the quality of brazing joints was
studied by using an electron probe microanalyzer with an additional energy spectrometer and an electronic
universal material testing machine. Results show that during the brazing process, the composite effect of
pressure and shear stress on the semi-solid filler metal became weaker with the increase in its thickness, and
was the weakest in the middle of the overlap area. When the filler metal was too thick, it was difficult to form
a good metallurgical bond with both sides of the base material, while too thin filler metal could lead to the
defect of missing filler metal in the joint. Under suitable discharge parameters, when the solid fraction and
thickness of filler metal were 0.6 and 300 pm, a magnetic pulse assisted semi-solid brazed Cu/Al tube joint
with spherulitic structure as its main structure could be obtained.
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Table I  Chemical composition of Cu, Al tubes,and filler metal (wt. % )

e Al Cu Zn Si Ag Fe Mg Mn Ni P Pb
T2-Cu Bal 0. 0037 0.051 0. 0042 0. 0038 0.0039 0.0032
1060-Al Bal 0.15 0. 2500 0.4 0. 7000 0.8 0.15
Zn-15A1-1. 0Si 15 Bal 1.0
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Fig. 1 Testing process and tooling of magnetic pulse assisted semi-solid brazing of Cu/Al tubes
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Fig.2 Mold of Cu/Al joint shear test
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Fig.3 Finite element model of magnetic pulse assisted semi-
solid brazing of Cu/Al tubes
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Table 2 Parameters of filler metal and air

1 /(g em™?) FHEE/ (Pa - )
Zn-15A1-1. 0Si 5.20000 5.5
=5 0.00125 0

% 3 Johnson-Cook Zs#ji& &I 551!

Table 3 Johnson-Cook constitutive model parameters' "’
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Fig. 6 Nephogram of semi-solid filler metal under pressure at different time: (a)t =0. 035 ms; (b)t =0.037 ms; (c¢)t =0.039 ms;

(d)t=0.050 ms;(e)t=0.070 ms
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Fig. 7 Nephogram of semi-solid filler metal under shear stress at different time; (a)t = 0.035 ms; (b) ¢ = 0.037 ms;

(¢)t=0.039 ms;(d)t=0.050 ms;(e)t=0.070 ms
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Fig.9 Microstructure of joint obtained with 400 pm filler metal: (a)top; (b) middle; (c) bottom

10 FEEESFHMAGELHHHEMALR: (a), (b)F(c) 400 pm,300 pm % 200 pm (Cu f]); (d), (e)FA(f)
400 pwm,300 pwm 5 200 wm (§F48HE6); (g), (h)FA(i) 400 wm,300 pwm 5 200 wm (Al )
Fig. 10  Microstructure of middle part of joints obtained with filler metals of different thicknesses: (a), (b) and (c¢) 400 pm,
300 pm and 200 pm (Cu side); (d), (e) and (f) 400 um,300 wm and 200 pm (middle part of brazing seam) ;
(g), (h) and (i) 400 pm,300 pm and 200 pm( Al side)
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Table 3 EDS results of points marked in Fig. 10
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