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Die diagram of TESB process: (a) Two-dimensional plan view; (b) Section view; (c) TESB forming enlarged view;

(d) Die diagram (1—Extrusion rod; 2—Extrusion cylinder; 3—Die; 4—Base; 5S—Extrusion needle; 6—Support plate; 7—

Blank; 8—Heating hole)
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Fig. 2 3D drawing of TESB die structure and detailed drawing of forming part: 1—Extrusion rod; 2—Blank; 3—Extrusion

needle; 4—Die; 5—Extrusion barrel
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Table 1 Parameters used in numerical calculations and experiments

Parameter Value
Billet length/mm 55
Outer diameter of billet /mm 39.6
Inner diameter of billet/mm 20.4
Diameter of extrusion cylinder/mm 40
Extrusion ratio 9.33
Heating temperature of billet/C 370, 400, 430
Preheating temperature of die/'C 350, 380,410
Thermal conductivity between billet and die/(N+‘C™'+S™ *mm™) 11
Total number of grid cells (four node cell) 70000
Minimum mesh size/mm 1.27
Relative penetration depth 0.7
Grid density type Relative
Simulation type ALE Extrusion

Solving type

Conjugate gradient with direct iteration
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Fig. 3 Schematic diagram of billet temperature field distribution under different initial extrusion temperatures: (a) 370 C;

(b) 400 °C; (c) 430 ‘C
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Fig. 4 Schematic diagrams of temperature distribution
of tube forming at extrusion speeds of 5 mm/s(a) and
20 mm/s(b)
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Fig. 5 Load-stroke curves of TESB process at different

temperatures
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Fig. 6 Schematic diagram of load — stroke relationship

under different friction factors
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Fig. 7 Microstructures evolution of tube at extrusion temperature of 400 C: (a), (a’) Ordinary extrusion; (b), (b’) Extrusion—

shear-bending forming
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Researches and validation on new type continuous forming for
extrusion-shear-bending of magnesium alloy thin-walled tube

HU Hong-jun', HU Gang', XIE Dai-wei', ZHANG Ou', ZHANG Ding-fei’, DAI Qing-wei®, OU Zhong-wen*

(1. School of Materials Science and Engineering, Chongqing University of Technology,
Chongging 400050, China;

2. School of Materials Science and Engineering, Chongqing University, Chongqing 400044, China;
3. School of Metallurgy and Materials, Chongqing University of Science and Technology,
Chongqing 401331, China;

4. School of Chemistry and Materials, Army Service College, Chongqing 401311, China)

Abstract: In order to promote the industrialization of large plastic deformation technology of magnesium alloy, an
tube extrusion-shearing-bending (TESB) forming method of magnesium alloy thin-walled tube was studied by
combining forward extrusion and equal channel angle extrusion. The deformation process of TESB was simulated
by finite element method. The TESB forming die was installed on the extruder and TESB experiments have been
done. In order to observe the microstructures of the extruded tube, the testing data were processed. The results
show that the preheated temperature of tube increase with the rise of extrusion speeds obviously, and the extrusion
loads decrease with the rise of preheated temperatures and the dropping of friction factors. TESB forming can
refine the microstructures of magnesium alloy tube and improve the forming efficiency. TESB is a new method of
large plastic deformation of magnesium alloy tube, which can effectively refine the grains and improve the
uniformity of microstructures.

Key words: magnesium alloy thin-walled tube; large plastic deformation; numerical simulation; microstructure
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