Rare Metal Materials and Engineering
Volume 46, Issue 5, May 2017
Online English edition of the Chinese language journal

Available online at www.sciencedirect. com

ScienceDirect

Cite this article as: Rare Metal Materials and Engineering, 2017, 46(5): 1214-1218.

Effects of Mandrel Angle on Hydrostatic Extrusion Process

of Magnesium Alloy Tube

Zhao Mengjun, Wu Zhilin,

Nanjing University of Science & Technology, Nanjing 210094, China

Cai Hongming

Abstract: The hydrostatic extrusion process of magnesium alloy AZ80 tube with different mandrel angles (90< 120< 150 was
simulated by the DEFORM-3D software with different extrusion speeds and initial billet temperatures. The simulated results show
that the peak load of the extrusion process with big mandrel angle is obviously higher than that of the small angle and the
inhomogeneity of billet velocity field is intensified with the increase of the mandrel angle.
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Hydrostatic extrusion is favorable for many refractory
materials, which can obviously enhance its plasticity, decrease
internal cracking, and makes microstructure of the extruded
product homogeneous and mechanical properties good™?. Till
now, the hydrostatic extrusion technique has been extensively
used in metal materials, composite materials, military
materials and medical materials®. As shown in Fig.1, the key
parts for the hydrostatic extrusion system mainly contain die,
mandrel, ram, container, pressure medium and billet. The
billet is placed inside the container, and has to be tapered to
match the die geometry. The gap between the billet and the
container is filled with the pressure medium which surrounds
the billet and transforms the force on the billet. When the
force becomes high enough, the billet is pressed through the
die and the mandrel. During the process, the pressure medium
is forced by its inherent pressure into the gap between the die
and the billet where it acts as a lubricant effectively.

Presently, many academic achievements had been obtained,
mainly including the effects of initial temperature on
hydrostatic extrusion process, for example, J. Swiostek et al
conducted research on AZ31, AZ61, AZ80, ZM21, ZK30 and
ZE10 and acquired the lowest extrusion temperatures of those
alloys™™. Wang Rong, A. Y. Volkov et al extruded hydro- statical
bars of magnesium alloy AZ31 and pure magnesium (99.98%)
at room temperature®®®. In addition, Shaochun Wang,
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Fig.1 Principle of hydrostatic extrusion of tube

Zhilin Wu et al conducted researches on a warm extrusion
technique for extrusion of magnesium alloys'”®. Zhao Zude
studied the effects of extrusion ratio on loads™.

The above studies mostly centered on initial billet
temperature, extrusion speed and ratio. However, there is few
reports about effects of mandrel angle on hydrostatic extrusion
process of magnesium alloy. In the present research, the
effects of mandrel angle on extrusion process have been
simulated and discussed.

1 Finite Element Simulations
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The geometry model was axisymmetric, of which 1/4 part
was taken in the present research. The model mainly include
ram, media, billet, mandrel, die and container, as shown in
Fig.1 and Fig.2. Before simulation, the geometry model was
meshed to 4-node tetrahedrons, of which side length of grids
was 2 mm at the least and 4 mm at the most.

Billet is made of magnesium alloy AZ80 in the
simulation™, with its physical properties shown in Table 1.

A constitutive equation™ was adopted to describe the hot
compression of magnesium alloy AZ80, as follows:

xp (154610,

é = 2.9x10°[sinh(0.01745)]°*
8.314T

The above equation was built on the experiments of the hot
compression of AZ80, which were carried out on
Gleeble-1500 thermal simulator at a strain rate of 1x10°~20
s and temperature range of 200~500 <C. In the above
equation, the parameter o was determined by peak stress (MPa)
for a given strain, and T denoted absolute temperature.

Friction stress between the billet, the die and the mandrel
was determined by deformation temperature, lubricant
condition, which is commonly complicated. For the simplified
calculation, limit frictional state was adopted in the present
research, that is, providing that friction reaches the shear yield
limit of the corresponding deformation temperature and its
distribution is uniform. Friction factor between the die and
billet was 0.1, so did the factor between the mandrel and the
billet. The heat transfer coefficient between the billet and the
mandrel, the die and the billet is 7.5 W/(m* K).

To analyze effects of the mandrel angle on extrusion loads,
effective stress distribution and velocity field were simulated
by DEFORM-3D software. Firstly, the mandrel angle was
divided into three groups: 90< 120°and 150< Secondly, the
simulation of the three mandrel angles were conducted with
different extrusion speeds: 1, 10 and 50 mm/s, and constant
initial billet temperature; At last, the simulation were conducted

Fig.2 Geometry model of hydrostatic extrusion of tube

Table 1 Physical property parameters of material
E/GPa v alx10° K*! MW {m K)*
45 0.35 27.6 75.36
Note: E denotes elastic modulus; v denotes Poisson ratio; o denotes
expansion coefficient; A denotes thermal conductivity; Test
temperature is 573 K

again with different initial billet temperatures: 250, 150 and
90 <C. According to different initial billet temperatures of the
billet and the extrusion speed, the simulations arranged in the
present research are as follows:
A90-T250-S1, A120-T250-S1, A150-T250-S1,
(simulations with speed v=1 mm/s);
A90-T250-S10, A120-T250-S10, A150-T250-S10,
(simulations with speed v=10 mm/s);
A90-T250-S50, A120-T250-S50, A150-T250-S50,
(simulations with speed »=50 mm/s);
A90-T250-S10, A120-T250-S10, A150-T250-S10,
(simulations with initial billet temperature T,;=250 <C);
A90-T150-S10, A120-T150-S10, A150-T150-S10,
(simulations with initial billet temperature T;=150 <C);
A90-T90-S10, A120-T90-S10, A150-T90-S10,
(simulations with initial billet temperature T,;=90 <C).

2 Results and Discussion

The mandrel angle is set as 90< 120< and 150< The
extrusion speed is set 1, 10 and 50 mm/s. Initial billet
temperature is 250 <C. The effects of the mandrel angle on
extrusion loads with different extrusion speeds are shown in
Fig.3.

The effects of the mandrel angle on extrusion loads with
different initial billet temperature are shown in Fig.3b, Fig.4a,
4b. The extrusion speed is set as 10 mm/s. Initial billet
temperature is set as 250, 150 and 90 <C.

Different from the conventional extrusion method™*™, the
hydrostatic extrusion loads in initial state for all simulations
reaches their maximal values rapidly. The extrusion loads
decrease with the increase of the mandrel angle slightly, since
there is lack of filling process. Likewise, this law exists with
different extrusion speeds and initial billet temperatures
severally, as shown in Fig.3 and Fig.4. From Fig.3 and Fig.4,
we can see that the extrusion loads is maximal with the
mandrel angle 150< and is nearly equal between 90<and 120<
which is the result of the comprehensive effect of friction
stress on the mandrel end and deformation stress in billet.

The maximum effective stress appears on mandrel tip, as
shown in Fig.5a, 5b, 5c. The maximum effective stress is
171 MPa with the mandrel angle 90< 147 MPa with the
mandrel angle 120<and 166 MPa with the mandrel angle 150<
Besides, the maximum effective stress distribution moves
upward with the increase of extrusion speed, as shown in
Fig.5d, 5e, 5f.

In addition, the results of simulation show that the billet
velocity field is inhomogeneous in die exit, that is, the
velocity is slow near the wall of die and mandrel. When the
mandrel angle is 150< this inhomogeneity is more outstanding;
however, the velocity near side of the mandrel increases with
increase of the mandrel angle and extrusion speed, as shown
in Fig.6.
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Fig.3 Effects of the mandrel angle on extrusion loads: (a) v=1 mm/s, To=250 <C, (b) v=10 mm/s, To=250 <C, and (c) »=50 mm/s, T;=250 T
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Fig.4 Effects of the mandrel angle on extrusion loads: (a) v=10 mm/s, To=150 <C and (b) v=10 mm/s, Toc=90 <

Fig.5 Effective stress distribution of the different mandrel angle: (a) a=90< v=1 mm/s; (b) ¢=120< v»=1 mm/s; (c) «a=120< v=1 mm/s;
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(d) «=90< »=10 mm/s; (e) a=120< »=10 mm/s; (f) a=150< v=10 mm/s
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Fig.6
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Billet flow field of the different mandrel angle: (a) a=90< v=1 mm/s; (b) «=120< v=1 mm/s; (c) a=150< v=1 mm/s;

(d) «=90< »=10 mm/s; (€) a=120< =10 mm/s; (f) a=150< v=10 mm/s

3 Conclusions

1) The load-stroke curve accords with conventional
extrusion processes basically, but the loads reaches its peak
value more rapidly in the hydrostatic extrusion process.

2) The extrusion load decreases with the increase of the
mandrel angle slightly at the same extrusion speed and the
initial billet temperature.

3) The effect of the mandrel angle on effective stress
distribution is not obvious.

4) The billet flow field is inhomogeneous in die exit;
besides, the flow velocity near the mandrel side increases with
increase of the mandrel angle and extrusion speed.
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