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Metal Flow and Interface Bonding of Copper Clad Aluminum Rods
by the Direct Extrusion

Yeo Kwon Yun*, Hee Nam Kim**

ABSTRACT

Composite materials consist of two or more different material layers. The usefulness of clad metal rods forms
the possibilities of combination of properties of different metals. Copper clad aluminum composite materials are
being used for economic and structural purposes. In this study, composite billet consists of commercially pure
copper and aluminum (A6061) and experimental conditions consist of the combinations of clad thickness, extrusion
ratio, and semi-cone angle of die. In order to investigate the influence of these parameters on the hot direct
extrudability of the copper clad aluminum composite material rods, the experimental study have been performed
with various extrusion temperatures, extrusion ratios, semi-cone angles of die, and composition rate of Cu:AlL
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Fig. 2 Geometry of die

Table 1 Dimensions of die

inner | Container Die Bearing | Semi-cone
diameter | length height length angle
(Dd) | (Ld) | (H) | (BL) | ad®
35
45
354 150 45 5
55
65

53 W)
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Fig. 3 Photograph of dies and tools
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Table 2 Dimensions of composite billets

Outer Billet Core Sleeve | Semi-cone
diameter length diameter | thickness | angle
(D) (L) (d) (t) a(®)
35
27 45
35 65 29 3
31 2 35
65
3.3 AEAH
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=48 4 9= LVDT(Linear Variable Displacement
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Table 3 Extrusion conditions

. Semi-cone | Extrusion Ram
Extrusion .
" angle |temperature; speed | Lubricant
ratio
a( ") 9 (mm/sec)
2.78
35
4.24 45 Gate-C
6.25 s 300 0.8 (Graphite+
8.50 Paraffin)
65
12.25
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Fig. 7 Cross-sections of extruded specimen along the
variation of semi-cone angle of die
(sleeve thickness 3mm)

(a) sleeve thickness 2mm (b) sleeve thickness 4mm
Fig. 8 Cross-sections of extruded specimen along the
variation of sleeve thickness
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Fig. 11 Interface conditions (E.R. 8.50, semi-cone angle of die 45°)

(a) Axial direction( X 100)
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Fig. 12 Bonding interface condition after extrusion (E.R. 8.50, semi-cone angle of die 45°)
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Fig. 13 Not bonding interface condition after extrusion (E.R. 2.78, semi-cone angle of die 65°)
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