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Abstract The numerical simulation of extrusion process for
complex hollow magnesium doorframe is carried out using
HyperXtrude software. According to the simulation results,
the extrusion die structure has been optimized in this article.
The flow velocity, welding pressure, and temperature distri-
butions, as well as the particle tracking function provided by
HyperXtrude are all adopted to affirm the structural rationality
of the optimal die design schemes. The simulation results
show that there is a great difference in metal flow velocity at
the cross-section of extrudates for the initial die structure
which is not suitable for production. The introduction of baftle
plates in the lower die has balanced the metal flow to be more
even through increasing the metal flow resistance in the parts
where the flowing velocity is faster than in other parts. In the
meanwhile, the optimal die structure with proper baffle plates
exhibits higher welding pressure and more uniform tempera-
ture distribution in the extrudates. This could further improve
the welding quality and eliminate the thermal deformation of
the final profiles. According to the optimum die design
scheme, the real mold has been manufactured and extrusion
experiment has been carried out. The actual products exhibit
favorable surface quality without twist deformation and di-
mension mistakes. Moreover, there is visible grain refinement
in the microstructure of the extrudates. It has been proved that
the die structure design based on the numerical simulation on
the extrusion process with HyperXtrude could provide

>4 Y.D. Sun
yingdisun@mail.sim.ac.cn

Center of Advanced Magnesium Alloy and Protection, Shanghai
Institute of Microsystem and Information Technology, Chinese
Academy of Sciences, No. 865 Changning Street, Shanghai 200050,
China

guidelines for complex hollow magnesium profiles and accel-
erate the production efficiency.

Keywords Magnesium profile extrusion - Baffle plate -
Structure optimization - HyperXtrude

1 Introduction

As the lightest alloy in the structural materials, magnesium
alloys have been widely used in the fields of automobile,
aerospace, building, and information industries due to their
low density, excellent bio-compatibility, superior specific
stiffness, and strength [1-3]. At present, casting and plastic
deformation are the primary forming methods for the applica-
tion of magnesium alloys, while the mechanical properties of
the latter are obviously better than those of the former because
of the absence of casting defects and remarkable grain refine-
ment for wrought magnesium alloys [4]. However, up till now,
the wrought magnesium alloys have been found rather limited
applications due to its hexagonal close-packed crystal struc-
ture and low deformability at temperatures below 225 °C [5,
6]. Accordingly, the fundamental understanding of the behav-
ior of wrought magnesium alloys under hot deformation is of
increasing significance, in which, hot-extrusion technology, as
the typical forming process of magnesium alloys, has become
the attentive focus in modern industry field.

The extrusion technology of magnesium alloys has
attracted much attention in recent years because of its ability
to achieve the superior precision, improved quality, and ho-
mogeneous properties throughout the component of the pro-
file. Not only the solid and semi-solid profiles, but also the
hollow magnesium profiles are manufactured through extru-
sion technology [7-9]. However, the preceding research has
been primarily directed toward the simple solid profiles, such
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as magnesium bars and strips [8, 9]. Little study has been
focused on the extrusion process of complex hollow ones
due to the complex metal flow and welding process in the
porthole die. Moreover, the postponed term and higher cost
of testing die have still been the core difficult problems for the
extrusion porthole die of hollow profiles. The complex struc-
ture of porthole die and the limited understanding of the metal
flow in die cavity both impose resistance to the actual produc-
tion. In general, the traditional design of extrusion dies is
based on the trial-and-error method, and the performance of
the dies is mainly dependent on the experience of die de-
signers. Consequently, the product quality and productivity
could not be guaranteed under this kind of design pattern.
With the development of computer technology, a great
number of studies on the numerical simulation of extrusion
process have been carried out to improve the product quality
and production efficiency [10-12]. According to the numeri-
cal models, it is possible to predict flow velocities, tempera-
ture distributions, stress and strain gradients of the deforming
metal, etc. Consequently, the optimum extrusion die structure
and process parameters could be achieved and the defects
twist, wave, bend, and crack could even be controlled. Cur-
rently, commercial software Deform-3D, Msc-SuperForge,
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(a) 2D geometry and dimensions of the profile

Tiny geometry
(b) 3D model profile

Fig. 1 Geometry and main dimensions of the hollow magnesium alloy
profile studied in this work: a 2D geometry and dimensions of the profile;
b 3D model profile
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Fig. 2 3D model of the initial extrusion die structure: a upper die; b
lower die

Fluent and HyperXtrude are being used for hot-extrusion die
design extensively, in which, the Arbitrary Lagrangian
Eulerian (ALE) program HyperXtrude is the first hp-
adaptive finite element program [13]. HyperXtrude software
alleviates many of the drawbacks that the traditional
Lagrangian- and Eulerian-based finite element simulations
have, and can be used to perform comprehensive engineering
simulations, saving design and analysis engineer’s time from
performing several mesh generation and analysis cycles that
are common with conventional [14]. In recent years, the ap-
plication of HyperXtrude software has been used even more
extensively. Bastani and co-workers have performed a
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Fig. 3 The numerical simulation model of the extrusion process

transient simulation of the aluminum extrusion process based
on ALE software HyperXtrude to find out how process pa-
rameters influence the flow balance and exit temperature [15].
Xu et al. have simulated the extrusion process of an aluminum
multicavity wallboard profile using the ALE algorithm based
HyperXtrude software and proposed three steps of the die
optimization for the multicavity. The results show that the
die optimization method based on numerical simulation is
valid and can provide guidelines for die design. [16]. Zhang
et al. has analyzed the metal flow behavior of an aluminum
profile at each stage during the whole extrusion process and
the dead zones in the die cavity based on the HyperXtrude, the
numerical results are finally validated by comparing with the
nose ends of two extrudates in practice [17]. Guan et al. have
analyzed the design of a multihole extrusion die for producing
an aluminum tube based on the results of metal flow, temper-
ature distribution, welding pressure, extrusion load, and die

stress which have been simulated and compared by means of
HyperXtrude [18].

As can be seen from the previous research, a large number
of studies by mean of HyperXtrude have been focused on the
numerical simulation of extrusion process of aluminum alloys,
while rare study could be found on the magnesium alloys,
especially the complex hollow profiles. In this paper, the
ALE method HyperXtrude has been adopted to model the
extrusion process of a complex hollow magnesium profile.
The material properties, mesh generation, boundary condition
and process parameters will be described in detail. According
to the numerical model, the flow behavior of magnesium al-
loys and deformation mechanism in the die cavity will be
investigated with the analysis of velocity relative difference
(VRD) of the extrudate. Then, the optimal die design schemes
will be proposed and validated by the final practical
extrudates. Moreover, the temperature distribution in cross-
section of the extrudate, the welding pressure and velocity
distribution in the welding chamber, as well as the metal flow
pattern using the particle tracking function for the initial and
optimal die design schemes will be analyzed and compared in
this work.

2 Numerical simulation models with HyperXtrude
2.1 The initial die structure and geometry

Figure 1 shows the main dimensions and geometry of cross-
section and 3D model of the hollow product in the present
study. The profile exhibits its complexity of one center square
cavity and two angle structures on both sides, as well as some
tiny geometry features which are shown in Fig. 1b. The great
difference in wall thickness of the profile, with the maximum
and minimum wall thicknesses of 4.15 and 1.62 mm, deter-
mines its difficulty to control the metal flow uniformity during
the extrusion process. Additionally, the section area of the

Table 1  Physical properties of AZ31 and H13

Material Density/(kg m ™) Specific heat/ Thermal conductivity/ Thermal diffusion Young’s Poisson’s ratio
(kg K) '] [W(mK) '] coefficient/K modulus/Pa

AZ31 1780 1200 96 22E-5 2.3E+10 0.35

H13 7870 548 28 1.3E-5 2.1E+11 0.35

Table 2 Process parameters applied in simulation

Billet diameter/mm  Billet length/mm Initial temperature  Initial temperature  Initial temperature ~ Ram speed/(mm s ') Extrusion ratio
of billet/K of die/K of container/K
90 400 420 480 450 1 23
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Fig. 4 The velocity distribution
at the cross-section of the
extrudate with the initial die [

Velocity (mm/s)
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structure scheme

profile is 215.4 mm?. Considering its complex structure and
extruded product quality, the split ratio should be increased
properly, about 20~30, this determines the total area of the
portholes in some degree. Above all, to balance the metal flow
and gain the qualified products, more attention should still be
paid on the design of die structures.

In the present work, the flat porthole die is chosen for the
production of magnesium hollow profile. Figure 2 shows the
3D model of the initial die structure, including the upper and
lower dies, as shown in Fig. 2a, b, respectively. The upper
die is mainly composed of four parts: porthole, port bridge,
and mandrel, as well as drainage channel only for
multicavity profile. The portholes are designed to split the
metal flow around the mandrel to form the hollow extrudate.
The port bridge is the connection of portholes, supporting
the die mandrel. The die mandrels are mainly designed to
form the inner contour of hollow cavity in the profile. The
drainage channel is generally designed between the man-
drels to accelerate the metal flow through the wall of
multiholes profile. In this work, four portholes and water-
type port bridge are designed in the upper die in order to

Fig. 5 The position relation between the portholes and extrudate for the
initial die design
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Part 2

Part 3

allocate and weld material rationally. Due to the single-hole
structure of the profile in this case, there is no design of the
drainage channel. According to the area of the profile, the
final split ratio is approximately 23. Meanwhile, the outer
diameter and height of upper die are 149 and 66.5 mm,
respectively. The lower die with responsibility for the for-
mation of final product is mainly composed of three parts:
welding chamber, bearing and die orifice, as shown in
Fig. 2b. The welding chamber takes charge in the joining
of the metal flowing from the portholes, and then pushing
the metal accumulated in the chamber through the die ori-
fice. The bearing bands appearing in the mandrels of upper
die and orifice of lower die are mostly used to control the
metal flow and surface quality of the final profiles. In this
case, the outer diameter and the height of the lower die are
149 and 57 mm, respectively. The initial height of the
welding chamber is 14 mm.

2.2 Mesh generation of simulation model

Before the numerical simulation of extrusion process by
means of HyperXtrude, it is necessary to extract and mesh

Baffle plate 1

Baffle plate 2

Fig. 6 The structure modification of the first optimal die design scheme
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all fields material flows through. The first step is to import
the 3D geometries of the extrusion dies into Hypermesh, and
then manually delete untrimmed surfaces, set the cleanup
tolerance and correct any errors in the geometries from im-
port. Lately, the simplified parts needed for the analysis are
created, including billet, portholes, weld chamber, bearing,
and so on. Considering the control of element number and
calculation accuracy, it is necessary to assign different ele-
ment types and sizes at different parts of the numerical mod-
el. This is also consistent with the extent of local deforma-
tion. The meshing option starts with the bearing region
which often undergoes severe shear deformation to form
the final shape of the profile. Thus, finer triangular prism
elements are adopted in the regions of bearing and profile,
while setting a constant element length (usually four ele-
ments) in the flow direction. In the meanwhile, the relatively
coarse tetrahedral elements are used in the regions of
welding chamber, porthole, and billet with the minimum
element of 0.2 mm. The element number of whole model
is about 130,000. Figure 3 shows the simulation model for
the metal flow analysis, including five parts: billet, porthole,
welding chamber, bearing, and profile. In which, for sim-
plicity, the porthole and welding chamber are combined to-
gether as one part for simulation.

2.3 Definition of material parameters

Arrhenius equations are often employed to mathematically
determine flow stress as a function of parameters such as
strain, strain rate, temperature, and so on, typically shown as
the following [19]:

¢ = A[sin(ao)"[exp(-Q/RT)]] (1)

where ¢ is the effective strain rate, o is the flow stress, n, A4,
and « are the temperature-independent material parameters, Q
is the activation energy, 7'is the absolute temperature, R is the
universal gas constant. According to our previous research,
parameters values used for AZ31 in this work are as follows

Fig. 7 The velocity distribution Velocity (mm/s)
at the cross-section of the first 6.176E+01
optimal die design scheme [5.842E+01
5.109E+01
—4.576E+01
4.043E+01
—3.510E+01
2.977E+01
2.443E+01
1.910E+01
1.377E+01

Max = 6.176E+01
Min = 1.377E+01

Baffle plate 1

) I

Baffle plate 2

Fig. 8 The structure modification of the second optimal die design
scheme

[20]: 0=218 kJ/mol, R=8.314 J/(mol K), 4=2.8x10"'°, n=
7.875, and a=0.014. In addition, H13 is chosen as the die
material, the physical properties of AZ31 and H13 are given
in Table 1.

2.4 Boundary conditions and process parameters

In the HyperXtrude software, ten kinds of boundary con-
ditions have been offered to define the numerical model.
In which five kinds of conditions are adopted in this
work, including inflow-type (billet-dummyblock),
solidwall-type (billet-container, billet-die, porthole-die),
bearing-type (bearing-die), freesurface-type (freesurface),
and outflow-type (exit). In the real extrusion process, the
friction conditions of the boundaries play an important
role in the quality of final profiles. Considering the adhe-
sion extent and local deformation at different boundaries,
the surfaces in contact with the bearings all adopt the
slipping friction condition with a factor of 0.3, while the
other interfaces between the billet and tooling use the fully
sticky friction condition.
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Fig. 9 The velocity distribution Velocity (mm/s)

at the cross-section of the second 4 257E+01
optimal die design scheme E4_088E+D1
3.919E+01

—3.750E+01
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Max = 4.257 E+01
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Moreover, the process parameters play the same impor-
tant role as the boundary conditions in the extrusion pro-
cess. The definition of the process parameters more depend
on the experience of practical production. Table 2 gives the
process parameters applied in the simulation, including the
size of billet, initial temperature of billet and tool (die and
container), ram speed, as well as extrusion ratio. The nu-
merical simulation is performed in the workstation with
CPU i7-4770 and 16G of RAM. The whole simulation
needs about 10 h.

3 Numerical simulation results and discussion
of the initial die structure

According to the numerical simulation of the initial die
structure, a large number of results can be obtained, such
as the distribution of velocities, strains, stresses, tempera-
tures, and extrusion forces, etc,, in which the metal flow
velocity over the cross-section of the profile exit is of great
importance to judge the rationality of the die structure and
the final profile quality. Figure 4 shows the velocity distri-
bution at the cross-section of the extrudate obtained from
the simulation. As can be seen from the figure, there is a
great difference in metal flow velocity of the whole profile

Fig. 10 The velocity distribution Velocity (mm/s)

at the cross-section of the second 4. 441E+01
optimal die design scheme with 5- [4.21 9E+01
mm-high baffle plates 3.996E+01
—3.776E+)1
—3.555E+401
—3.333E+01

3. 112E+1
2.890E+1
2.B69E+D1
2.447E+01

Max = 4. 441E+01
Min = 2 447E+01
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exit, which can be divided into three parts, as shown in
Fig. 4 (part 1~part 3). Part 1 is mainly located in the square
hole which exhibits the lowest velocity (17.04~29.57 mm/
s) throughout the whole exit. In general, the metal velocity
will always be restricted for the limited flowing space when
metal flows through the hollow region, especially in this
case with relatively thinner wall thickness. In contrast, the
metal velocities of part 2 and part 3 are visibly larger than
part 1, and the maximum velocity is obtained by part 3.
This could be ascribed to the larger wall thicknesses in the
two sides of the extrudate. Moreover, the position of port-
holes in the upper die plays a very effective role in
balancing the metal flow. Figure 5 gives the structural dis-
tribution of the portholes for the initial die design. As can
be seen, the three parts in the cross-section of the extrudate
are located in different position of the portholes. For exam-
ple, the whole part 1 is under the region of bridge, far
away from the portholes, which determines the limited met-
al flow velocity. Parts 2 and 3 are both distributed under
the portholes, implying that the material supply here for
these parts is excessive. This renders a possible explanation
for the faster flowing velocity of the part 2 and 3 in com-
parison to part 1. In order to make the flow velocity dis-
tribution of the exit more uniform, it is necessary to restrict
the metal flow of part 2 and 3.
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(b) The optimum die design

Fig. 11 Comparison of the metal flow at the inlet of the die orifice: a the
initial die design; b the optimum die design

To judge the extent of metal velocity uniformity over the
cross-section of the exit, the SDV parameter is introduced in
this work, which can be expressed as [21]:

where v; is the velocity at node i in the cross-section of the
extrudate, v, is the average velocity of all nodes to be
researched, NV is the number of nodes. It has been confirmed
that the smaller SDV values, the more uniform velocity distri-
bution and the better the quality of extrudates. In this case, 50
nodes in the cross-section of extrudate have been chosen to

calculate the SDV, and the final value of the initial die struc-
ture is 13.22. It is obvious that the initial die design scheme is
not reasonable for the high SDV value, this will cause defects
such as twist, bend, and dimensional error of the final profile.
Therefore, it is necessary to do some modification of the die
structure to balance the metal flow and further to improve the
quality of extrudate. In this article, the optimization work will
be carried out based on the design of the baftle plates in the
lower die to reduce the velocity of part 2 and part 3.

4 Optimization of the die structure

To balance the metal flow velocity of the exit in the profile, the
adjustments in the position and shapes of portholes as well as
the bearing length are always introduced in the design of ex-
trusion die. In this case, however, the efficiency of the above
means is apparently decreased due to the structural character-
istics of the profile. First of all, there is little effect of porthole
sizes on the metal flow velocity of part 1 in the extrudate.
Moreover, according to the previous experience of die design
[22], the amendment of bearing length is relatively limited to
improve the metal flow uniformity of the hollow and unsym-
metrical extrudate. Therefore, in this article, the method of
baffle plate has been proposed to control the metal flow in
the cavity of the die.

The baftle plate is always designed closely with the bearing
in the welding chamber and located in the place with lower
flow resistance. In general, where the flow resistance is rela-
tively small, a higher baffle plate in the welding chamber is
designed to guide the metal to flow into the part which is
difficult to form. Thereby, the velocity of metal flow of the
final extrudate could be controlled to be uniform.

4.1 Simulation results and discussion of the first optimal
die structure

According to the simulation results of the velocity distribution
of initial die structure, it is necessary to promote the metal
flow of part 1 and restrain the flow velocities of part 2 and 3
to make the flow uniformity. Therefore, baffle plates 1 and 2
are introduced in the first optimal die structure, as shown in
Fig. 6. The basal dimensions of the baffle plates are labeled in
the figure with 7 mm in height. The simulation results of
velocity distribution of the first optimal die structure are
shown in Fig. 7. Comparing with the results of initial die
structure, the velocity difference of the first optimal scheme
in the cross-section of the extrudate is partly reduced while the
distribution of the velocity in the cross-section changes slight-
ly. The maximum velocity is still received by part 3
(~61.76 mm/s) and the minimum velocity is distributed in part
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Fig. 12 Comparison of the metal
flow near the baffle plates with
particle tracking: a the initial die
design; b the optimum die design;
¢ the longitudinal graph of metal
flow streamlines for optimum die
design

(c) The longitudinal graph of metal flow streamlines for optimum die design

1 (~13.77 mm/s). Through calculation, the SDV is reduced to
10.51, indicating that the introduction of baffle plate 1 and 2
indeed improve the uniformity of flowing velocity in the
extrudate. However, the above improvement results have not
satisfied the requirements of extrusion process.

@ Springer

4.2 Simulation results and discussion of the second optimal
die structure

Based on the simulation results of first optimal die struc-
ture, the sizes of baffle plates 1 and 2 are apparently needed
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Fig. 13 Comparison of pressure distribution in the welding chamber: a
the initial die design; b the optimum die design

to be increased properly to further slow down the metal
flow in part 2 and 3 with the same height as first optimal
die. The amendment details are shown in Fig. 8. According
to the second optimal scheme, the extrusion process is sim-
ulated again with the identical process parameters to the
previous simulation. The distribution of metal flow velocity
is shown in Fig. 9. It can be observed that the velocity
distribution in the second optimal scheme varied largely
compared to the results of initial and first optimal numerical
simulation, the velocity difference in the cross-section of the
extrudate is greatly reduced (the velocity region is from
27.36 to 42.57 mm/s). The velocity distribution in the
cross-section of the extrudate has even been changed

apparently for the velocity of part 3 is markedly decreased
from 61.76 to 35.81 mm/s, lower than that of the part 2.
The corresponding SDV is reduced to 5.06, less than the
half of initial one.

In order to identify the height effect of baffle plates on the
metal flow distribution, the baffle plates 1 and 2 with height of
5 mm and same sizes in plane as the second optimal scheme
are introduced in the further amending scheme, and the simu-
lation results of velocity distribution in the cross-section of
extrudate is shown in Fig. 10. As can be seen from this figure,
the decreasing height of baffle plates does not change the
distribution of the velocity in the cross-section comparing
with the second die structure, but enlarge the region of veloc-
ity difference throughout the exit (24.47~44.41 mm/s). Fur-
thermore, the SDV value increases to 6.39, which is obviously
larger than that of the second optimal scheme. Thus, the sec-
ond optimal die structure with 7-mm-height baffle plates is
more rational and satisfactory to make the material supply
more even in the cross-section of the extrudate, and could be
put into the practical production.

4.3 Comparison and discussion of the initial and optimum
die design schemes

Figure 11 gives the metal flow status at the inlet of the die
orifice of initial and optimum die structures. In fact, before
the materials encounters the baffle plate in the welding
chamber, the metal flow status keeps almost invariant be-
fore and after the optimization of the die structure. From
Fig. 11, it could be seen that the introduction of baffle
plates 1 and 2 indeed increase the materials supply of part
1 (hollow part, as marked with a circle) and further pro-
mote the metal flow in this part. Accordingly, the flow
velocities of part 2 and 3 are apparently decreased. The
flow velocity streamlines (particle tracking function avail-
able in HyperView) could offer the more intuitionistic ex-
planations for the metal flow characteristics of the optimal
die structure with baffle plates, as shown in Fig. 12. In
general, more metal streamlines exist, metal flows faster,
and thus, the distribution of metal streamlines in the die
cavity stands for the velocity value of metal flow. For the
initial die structure, the materials flowing through the port-
hole 1 are mostly supplied for part 3 of the extrudate (as
shown in Fig. 12a), while the existence of baffle plates
guides part of the materials to flow away from the initial
path but through the hollow section of part 1 (as marked in
circle of Fig. 12b). Figure 12c is the longitudinal graph of
flow velocity streamlines for the optimum die structure. As
can be seen from this figure, when the metal flow encoun-
ters the baffle plates (as marked with circle in the two
sides), the resistance of the metal flow will enhance, and
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Fig. 14 Comparison of
temperature distribution at the
cross-section of the extrudate: a
the initial die design; b the
optimum die design
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thus the materials will easily be pushed into the region that
is difficult to form around the baffle plate and the metal
flow could be balanced effectively.

The welding pressure distributions in the welding chamber
of the initial and optimal die schemes are shown in Fig. 13. It
could be found out that the pressure in the welding chamber
after optimization is apparently larger than that of the initial
one, the increase in amplitude is about 20 %. This could be
ascribed to the introduction of the baffle plates which increase
the friction of the metal flow near the die orifice. With the
increase of welding pressure, the welding quality could be
further improved and the extruding speed is able to accelerate
accordingly.

Figure 14 gives the temperature distribution in the cross-
section of the extrudate for the initial and optimal die schemes.
According to the comparison of temperature region, it is clear-
ly seen that the temperature distribution for the optimal die
design is more uniform compared to that of the initial die
design, for the temperature range is only 11 °C for the former
die which is smaller than that of the later die (22 °C). This is
because the optimal scheme with baffle plates could balance
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(b) The optimum die design

(a) The initial die design

the metal flow effectively, and the plastic deformation heat is
distributed more evenly. Due to the uniform distribution of
temperature for the optimization scheme, the thermal defor-
mation of the final profiles could be further eliminated.

5 Experiments and discussions

To validate the rationality of the optimal die structure in this
work, the real mold is manufactured according to the optimum
design scheme and the practical profile extrusion is carried
out. The process parameters adopted in extrusion experiments
were exactly the same as the numerical simulations.
Figure 15a, b shows the photographs of the actual dies and
profiles. As can be seen from the figures, the extruding pro-
files avoid the defects like twist deformation as well as general
dimension errors, and exhibit the preferable surface quality.
This is implying that the die design structure optimized in the
numerical simulation is of great reference value and could
provide useful guidelines for practical production. Figure 15)
gives the optical micrographs of the microstructure of the
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Fig. 15 Photographs of the actual dies, profiles and microstructure of the
extrudates: a the actual dies; b the profile; ¢ microstructure of the
extrudates

extrudates. It is clear that the grain is refining markedly and
well distributed after extrusion.
6 Conclusions

In this article, the numerical simulation of extrusion process
and the die structure optimization procedure for a complex

hollow magnesium profile has been described in detail. The
flow velocity, welding pressure and temperature distributions,
as well as the particle tracking function provided by
HyperXtrude are all introduced to analyze the extrusion pro-
cess and structural rationality of the optimal die design
schemes. The conclusions have been drawn as follows:

1. The baffle plate introduced in the lower die is of great
importance in the balance of the metal flow. Through
the restriction of the material flowing in the local regions
with lower resistance, more material has been guided to
flow into the part which is difficult to form.

2. The optimal die structure with proper baffle plates ex-
hibits higher welding pressure and more uniform temper-
ature distribution in the extrudates. This could be ascribed
to the introduction of the baffle plates which not only
increase the friction of the metal flow near the die orifice,
but also balance the flowing velocity effectively.

3. The real mold has been manufactured according to the
optimum scheme and the extrusion experiment has been
carried out. The extruding products avoid the general de-
fects like twist deformation and dimension errors, show-
ing excellent surface quality. The microstructure of the
extrudates exhibits the remarkable grain refinement.

4. The reasonable design of the baffle plates presented in this
article based on the numerical simulation through
HyperXtrude has been proved to be efficient for the opti-
mization of complex die design and provided guidelines
for the extrusion production of complex magnesium hol-
low profiles.
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