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Process Optimization of Ti/Al Lamination by Non-equal Channel
Lateral Co-extrusion

SUN Kai, XUE Xin

(School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

ABSTRACT: This paper aims to obtain an optimum process parameter for Ti/Al lamination by non-equal channel lateral
co-extrusion. The co-extrusion of bimetal Ti6Al4V and AA1050 was numerically modeled based on DEFORM-3D software.
The effects of process parameters on the uniformity of metal flow and the maximum extrusion force were investigated through
orthogonal experimental design and signal-to-noise-ratio method. Based on the simulation results, the optimal key process pa-
rameters associated with the relative average velocity deviation and the maximum extrusion force were obtained, i.e., the extru-
sion speed was 1 mm/s and the extrusion temperature was 480 °C. According to the variance analysis, the significant influence
of process parameters on the maximum extrusion force was obviously greater than that on the relative average velocity deviation.
The experimental validation with the optimal process parameters showed that the experimental bending distortion of the extrud-
ed bimetal lamination was in a good agreement with the simulation result. The process type of “high-temperature-low- speed” is
helpful for the metal flow uniformity and the mitigation of extrusion-induced distortion. In addition, it is also helpful to decrease
the maximum extrusion force during co-extrusion. The optimization of co-extrusion of Ti/Al lamination provides an scientific
and effective guideline for preparation of dissimilar bimetal alloys.
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Fig.1 Die structure of non-equal channel lateral co-extrusion for Ti/Al lamination
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Tab.1 Thermo-physical properties of AA1050 and Ti6Al4V

Ti6Al4V AA1050
/ oC /
1 (W-m™-K™) (g-em™) /o
. Ti6Al4V 7.955 1668 4.58 8.3x107°
H13 Ti6Al4V
-6
AA1050 AA1050 209 660 27 23.8x10
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i m A B
Vj J 1 -8.1355 ~8.4059
mon VARD 2 -16.1708 ~15.9313
3 -9.0673 —-13.3712
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Tab.4 Mean S/N for maximum extrusion force
A B
1 —100.3659 —96.7320
2 —99.1736 —97.8006
3 —98.3033 —98.3880
4 —-96.9701 —98.3804
5 —95.5727 —99.0847
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Fig.3 The effects of process parameters on the relative
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Tab.5 The significant influences of the process parameters on the Varp
I F n*%
15 137.817a 8 1892.227 0.839 0.583 29.6
A 7590.890 4 1897.722 0.842 0.519 17.4
B 7546.927 4 1886.732 0.837 0.522 17.3
36 077.520 16 2254.845
56217.722 25
6
Tab.6 The significance influences of the process parameters on the maximum extrusion force
I F n*%
7 185999 567.597b 8 898 249 945.950 97.627 <0.0001 98
A 5940 776 167.387 4 1 485 194 041.847 161.420 <0.0001 97.6
B 1245223 400.211 4 311 305 850.053 33.835 <0.0001 89.4
147 213 135.367 16 9200 820.960
175 325 451 063.194 25
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Fig.6 The preparation illustration of Ti/Al lamination by the non-equal channel lateral co-extrusion
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