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Numerical simulation of butterfly die extrusion process

HE You-feng, XIE Shui-sheng, CHENG Lei, HUANG Guo-jie, FU Yao

(State Key Laboratory of Nonferrous Metals and Processes,
General Research Institute for Non-ferrous Metals, Beijing 100088, China)

Abstract: Based on Simufact9.0 commercial software the non-steady state extrusion process of butterfly die was
investigated using finite volume method (FVM) of Euler mesh description and compared with the traditional porthole
die extrusion. The simulation results show that when the square tube profile is extruded using the butterfly die, the
metal flow and deformation are more homogeneous than those of the traditional die, and the dead metal zone at the top
of dividing bridge and welding chamber decreases. Furthermore, the extrusion load curve is smoother and there is no
obvious mutation change. The breaking portholes load and the maximum extrusion load of the butterfly die are reduced
by 72.2% and 17.3%, respectively. The effective stress distribution is more uniform, and the maximum effective stress
is reduced by 11.2% which improves the die operating life. Moreover, the elastic deformation of the dividing bridge is
lowered, and the stability of the die core is improved.
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Fig.1 Upper die structure of butterfly die for 9 kt press!"!
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Fig.2 Structured schematic diagram of butterfly die (mm): (a) Die assembly drawing; (b) Sectional drawing; (c) Upper die 3D

drawing
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Fig.3 Structural schematic diagram of traditional die (mm): (a) Die assembly drawing; (b) Sectional drawing; (c) Upper die 3D
drawing
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Lower die Table 1  Extrusion processing parameters in numerical
simulation
Prarameter Value
Extrusion ratio 25.1
Initial billet temperature/ 480
Initial tool temperature/ 450
Extrusion velocity/(mm-s ") 10
Friction factor between billet and tools 0.8
Friction factor at die bearing 0.4
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Fig.4 Numerical simulation model of FVM: (a) Geometry 5
model; (b) Euler mesh model S 5
Al6061 HI13 4 S$=32.228 1 mm
f=mk )
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Fig.7 Schematic diagram of upper die structure: (a) 3D

drawing; (b) Sectional drawing
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Fig.5 Metal flow in extrusion process of traditional die:
(a) S=4.503 2 mm; (b) S=13.501 3 mm; (c) S=32.228 1 mm;
(d) $=41.302 3 mm
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Fig.6 Metal flow in extrusion process of butterfly die:
(a) $=3.503 2 mm; (b) S=12.501 3 mm; (c) S=32.552 7 mm;
(d) S=44.562 9 mm
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Fig.9 Metal velocity field distribution at different deformation phases: (a) S=29.765 0 mm; (b) $=39.361 5 mm; (c) S=42.240 5 mm;

(d) S=45.844 9 mm
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Fig.10 Comparison of velocity vector at steady state extrusion: (a) Traditional die; (b) Butterfly die
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Fig.11 Comparison of effective stress distribution of die: (a) Traditional die; (b) Butterfly die
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Fig.12 Comparison of elastic deformation distribution of dies:

(a) Traditional die; (b) Butterfly die
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