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Abstract The extrusion die plays a crucial role in aluminum
alloy profile production, which influences product quality
and service life of extrusion die directly. In this paper, a
profile with irregular shape was taken as an analysis exam-
ple, and multiobjective optimization for porthole extrusion
die based on modern intelligence algorithm was carried out.
Aiming at achieving the uniform velocity distribution in the
cross-section of the profile as well as decreasing the maxi-
mum stress on the extrusion die and the deflection of the
mandrel, the angle between port bridges, the position of die
orifice, and the height of welding chamber were considered
as the design variables. Then Kriging model was established
on the basis of Latin hypercube samplings, and above design
variables were optimized using Pareto-based genetic algo-
rithm. Finally, an optimal die structure is gained. Compared
with the initial scheme, the velocity distribution in the
extrudate was more even, and the stress on the die and the
deflection of the mandrel were decreased obviously in the
optimal scheme. The optimal design method for porthole die
has strong commonality, thus, it could give useful guidelines
for practical production of the same kind of aluminum
profile.
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1 Introduction

Hollow aluminum profile has been widely used in many
fields in recent years, such as civil architecture, traffic trans-
portation, aviation, aerospace, and communication, etc.,
mainly because of its characteristic of high strength–weight
ratio, good dimensional accuracy, and ease of recycling [1].

In practice, aluminum hollow sections are usually pro-
duced using a conventional direct extrusion press and a port-
hole die [2]. During the flat porthole die extrusion, the high-
temperature billet metal is split into distinct streams by port
bridges. Then, these metal streams are gathered in the welding
chamber, and the soften metal is finally extruded out through
the shaped orifice of the die as a fully formed profile [3].

Usually, the extrusion process is a nonlinear one with
large deformation, high-temperature, high pressure, and high
friction, thus the flow behavior of material and status of die
stress are difficult to investigate by means of traditional
measurement techniques. While using numerical simulation,
the information of die stress state, velocity distribution in the
aluminum profile, and extrusion load could be gained. Thus,
the potential defects of the product could be found.
Importantly, the process parameters and die structure can
be optimized by using numerical simulation-based optimi-
zation methods before the die is manufactured. Therefore,
the numerical simulation can shorten the die design cycle
and reduce the production cost. It is also important for
improving the quality of the profile and prolonging the
service life of extrusion die.

In recent years, more and more studies on the numerical
simulation of extrusion process have been carried out. These
numerical models are used to investigate the effects of pro-
cess and die structure parameters on the product quality and
the service life of extrusion die. Mehtaa analyzed the extru-
sion process of an I-shape product using 12 different die
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shapes and found that shear dies with feeder plates could
have the same flow characteristics but better surface finish in
comparison with streamlined dies [4]. Wu simulated the
extrusion process of an aluminum AA1100 rectangular hol-
low pipe using finite volume method and found that the path
shape from the portholes to the bearing entrance was an
important parameter in flat porthole die design [5]. Chen
studied the effects of the process parameters, such as extru-
sion temperature, extrusion speed, dimensions of billet, and
location of holes on the load and the shape of extruded tubes
for multi-hole extrusion process by the finite element analy-
sis [6]. Zhang investigated the effects of process parameters
on extrusion process and gained optimum combination of
process parameters based on Taguchi's method with signal-
to-noise ratio and analysis of variance [7]. Fang designed a
series of single-bearing dies with pockets of different sizes,
volumes, and shapes and investigated the effects of pocket
geometric parameters on metal flow by means of numerical
simulation in combination with experimental verification
[8]. Wu proposed a new approach based on finite element
method, polynomial network, and genetic algorithm to opti-
mize geometric parameters of extrusion die [9]. Zou opti-
mized the die profile for hot extrusion using updated sequen-
tial quadratic programming method, and the results had been
validated by real experiment [10]. Li studied the effect of
inner cone punch on metal flow in extrusion process [11].
Padmanathan investigated extrusion die parameters such as
shape, depth of pocket, location of die hole, and local bearing
lengths on the flow behavior during extrusion for both sim-
ple and complex geometries [12]. Donati studied the effects
of extrusion speed and shape of port bridge on the quality of
the weld and proposed a new criteria for evaluating weld
quality [13]. Arif studied the effects of ram speed and die
profile on extrusion pressure by using dies of different com-
plexity in hot extrusion of AA6063 [14]. Masri outlined a
computer system for analyzing and improving the efficiency
of aluminum extrusion operations and applied it successfully
in practice [15]. Zhang analyzed metal flow behavior at each
stage during the whole extrusion process and dead zones in
the die cavity by means of arbitrary Lagrangian–Eulerian
method [16]. Chitkara proposed an adaptive directional-
reduced integration technique and applied it to rigid-plastic
finite element analysis of heading and backward extrusion to
enhance stability and efficiency of computation [17].

Currently, most investigations are focused on single ob-
jective optimization of relatively simple solid or axisymmet-
ric hollow profile, but multiobjective optimization of com-
plex hollow profile extrusion has not much been presented in
the literature so far.

In this paper, a profile with irregular shape was taken as an
analysis example, and multiobjective optimization was car-
ried out for porthole extrusion die based on modern intelli-
gence algorithm. And the effects of the layout of port

bridges, the shape of welding chamber and the position of
die orifice on metal flow, and die strength have been inves-
tigated. Firstly, the standard deviation of the velocity field
(SDV) in the cross-section of the bearing exit, maximum die
stress, and mandrel deflection are selected as the estimate
targets, and the Latin hypercube method is used to select
sample points of die structure design variables. Then, the
Kriging model is established with the simulation results.
Finally, the Pareto-based genetic algorithm is used to solve
the problem of the multiobjective optimization for porthole
extrusion die.

2 Die design and numerical simulation model

2.1 Initial die design

Figure 1 shows the main dimensions of the cross-section and
the 3D model of profile in the present study. It is a typical
industrial profile with the wall thickness of 2 mm, and its
section area is 516 mm2. Figure 2 gives the 3D model of the
initial die structure designed for producing the profile. The
outer diameter and height of the upper die are 275 and
80 mm, respectively, as shown in Fig. 2a. Three portholes
are adopted in the upper die in order to allocate material
rationally and balance the metal flow effectively. The width
of port bridge is 30 mm, and the angle between port bridges
(α) is 45°. Single chamfering is adopted in the port bridges at
the bottom of the die in order to control metal flow effec-
tively. Figure 2b shows the 3Dmodel of the lower die, and its
outer diameter and the height are 275 and 80 mm, respec-
tively. The height of the welding chamber is 25 mm, and the
distance between the bottom edge of die orifice and the
extrusion center (L) is 20 mm. In addition, there is a two-
step run-out in the lower die. The first step run-out is mainly
used to support the die bearing during the extrusion process,
which can effectively prevent the die bearing from invalida-
tion owing to the severe impact between the material and the
die bearing. The second step run-out is mainly used to avoid
the contact between the die and the extrudate, so that the
extrudate could keep away from scratching, until it goes
through the die exit successfully. For simplification, the
thinner parts, such as the bolt-holes, which are not relevant
with simulation, are omitted in the numerical model.

2.2 Numerical simulation model

Figure 3 gives the simulation model for both metal flow and
die strength analysis. Being convenient for creating bound-
ary conditions and meshing, the whole model is divided into
six parts: billet, porthole and welding chamber, bearing,
profile, the lower die, and the upper die. The tri-prism ele-
ment is adopted in the part of bearing and profile, while
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tetrahedral element is used in other parts. Moreover, in order
to control the element number and ensure calculation accu-
racy, varying mesh density is adopted in accordance with the
extent of local deformation. It should be noted that for die
strength analysis with HyperXtrude, the meshes of moving
material must be well matched with those of extrusion die in
the contact surface except for the bearing, where mismatched
contact type is adopted. In the simulation process, AA6063 is
used for the billet material with the viscoplastic behavior,
while H13 with rigid behavior is used for the extrusion
tooling. The material properties of H13 and AA6063 are
given in Table 1. The billet used in the simulation is
200 mm in diameter and 400 mm in length, and the calcu-
lated extrusion ratio is 60.7. The initial temperature of the
billet and the extrusion tooling (including dies and container)

are 480 and 460 °C, respectively, and the ram speed is
1 mm/s. In addition, the heat transfer is assumed as heat
convection in this work, with the heat convection coefficient
of 3,000W/m2 °C between the die and billet material. Thus, the
simulation model is established in accordance with the above
parameters, and its number of element approaches 650,000.
The numerical simulation is performed with two Xeon quad
processor and 16 G memory workstation and costs about 2 h.

3 Multiobjective optimization design of porthole
extrusion die

In this paper, an optimization method based on modern
intelligence algorithm is proposed in order to optimize the

Fig. 1 2D and 3D geometry of
the aluminum alloy profile
studied in this work: a
Dimension and geometry of the
profile (unit: mm) and b 3D
model of the profile

Fig. 2 3D model of the initial
porthole die design: a upper die
and b lower die
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porthole die structure. The whole optimization process is
composed of five steps: determining design variables and
optimization objectives, selecting the sample points, carry-
ing out numerical calculation, establishing Kriging predic-
tion model, and executing Pareto-based genetic algorithm
optimization. The flow chart of the optimization process is
shown in Fig. 4.

3.1 Selection of design variables

The porthole die is mainly composed of six parts: portholes,
port bridges, mandrel, welding chamber, die orifice, and run-
out. The port bridge is a bracket supporting the die mandrel
and influences the extrusion pressure, uniformity of metal
flow, weld quality, and die strength directly. With the in-
creasing width and length of port bridge, the die strength
would be enhanced, and the extrusion pressure would be
increased and vice versa. The die orifice determines the outer
features of the profile and has great influence on metal flow
and the stress status in extrusion die. The welding chamber is
used to collect the material flowing through the portholes
and weld them into an integral body again whose center is
the die mandrel. When the height of the welding chamber is
small, there is not enough welding pressure, so that the metal
will not be well-welded. While if the height of the welding
chamber is large, the mandrel would be easy to deform, and
the extrusion pressure would be increased.

In order to gain an optimal die structure, in this paper, the
angle between port bridges(α), the position of die orifice(L),
and the height of welding chamber(H) are considered as the
design variables in order to gain an optimal die structure.
According to practical experience, the ranges of design vari-
ables are listed in Table 2.

3.2 Determination of optimization objectives

In real extrusion process, the uniformity of flow velocity
distribution in the cross-section of the bearing exit greatly
influences the quality of the extrudate. To describe the de-
gree of the velocity uniformity in the cross-section of the
extrudate precisely, the function of SDV is introduced in this
paper and considered as one optimization objective. The
function of SDV is described as follow:

Fig. 3 Simulation model
established in this work

Fig. 4 Flow chart of optimization procedures
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SDV ¼
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Where vk is the velocity at node k in the cross-section to be
researched; v is the average velocity of all nodes for research;
n is the number of nodes to be researched. It is clearly seen
that the smaller the SDV values, the better the quality of
extruded profile. To show a more practical velocity distribu-
tion, in this paper, all nodes in the cross-section of the
extrudate are selected for research, of which the velocities
are recorded.

During the extrusion process, the extrusion die usually
works in a poor environment with high temperature, high
pressure, and high friction, which easily causes the porthole
die to be early abandoned owing to relatively high stress.
Thus, the maximum die stress is selected as the second
optimization objective in order to prolong the service life
of extrusion die.

The mandrel determines the internal features of the pro-
file; thus, the deflection of mandrel influences the product
precision greatly. In general, the deflection of the mandrel in
the extrusion direction is compensated by means of increas-
ing the bearing of the mandrel. Here, the maximum deflec-
tion of the mandrel in the plane vertical to the extrusion
direction is chosen as the third optimization objective, and
its value is limited to be less than 0.01 mm.

3.3 Determination of Latin hypercube sampling

In order to represent all the portions of the vector space with
limited samples, in this paper, Latin hypercube method is
used to determine the experiment scheme. Latin hypercube
sampling is a strategy for generating random sample points,
ensuring that all portions of the vector space are represented.
The Latin hypercube sampling strategy is as follows: (1)
Divide the interval of each dimension into umpty non-
overlapping intervals having equal probability. (2) Sample

randomly from a uniform distribution a point in each interval
in each dimension. (3) Pair randomly the point from each
dimension. Based on Latin hypercube method, 20 groups of
experiment schemes are determined through collocation of
three design variables. For each experiment scheme, a new
extrusion die was established with corresponding parame-
ters, and the simulation of the extrusion process was execut-
ed by means of HyperXtrude. After calculation, the corre-
sponding values such as SDV in the cross-section of the
bearing exit, maximum die stress, and mandrel deflection
are gained. Table 3 shows the results of all experiment
schemes.

3.4 Establishment of Kriging model

The Kriging model in its basic formulation estimates the
value of a function (response) at some unsampled location
as a combination of two components, the global model and a
systematic departure. Mathematically,

Y xð Þ ¼ f xð Þβþ Z xð Þ ð2Þ

Where Y(x) is the unknown function to be estimated, and
the coefficient β is regression parameter. f (x) is a known
function (usually a polynomial) representing the trend over
the design space, also referred to as the “global model”. The
second part Z(x) creates a localized deviation to interpolate
the sampled data points by quantifying the correlation of
points with Gaussian correlation having zero mean and non-
zero covariance. The covariance matrix of Z(x) is given by:

cov Z xi
� �

; Z xj
� �� � ¼ σ2R R xi; x j

� �� �
i; j ¼ 1; 2;…; ns ð3Þ

Where R is a correlation matrix consisting of a spatial
correlation function R (x i, x j) as its elements. σ2 is the
process variance representing the scalar of the spatial corre-
lation function (SCF) R (x i, x j) quantifying the correlation
between any two ns sampled data points x i, x j and thereby
controls the smoothness of the Kriging model, the effect of
nearby points, and differentiability of surface.

The Gaussian function used in the present work is the
most preferable SCF when used with a gradient-based opti-
mization algorithm, as it provides a relatively smooth and
infinitely differentiable surface. The following Gaussian cor-
relation function is used to obtain the SCF.

Table 2 Ranges of design variables

Design variables The ranges of design variables

The angle between port bridges α (°) 34∼72
The position of die orifice L (mm) 13.5∼42
The height of welding chamber H (mm) 11∼30

Table 1 Material properties of AA6063 and H13

Young's modulus/Pa Poisson's ratio Density/(Kg m3) Thermal conductivity/[N/(s∙°C)] Specify heat/[N/(mm2∙°C)]

AA6063 4.0E+10 0.35 2,700 180 896

H13 2.1E+11 0.35 7,870 24.3 460
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Where ndv is the number of design variables, and θk is the
unknown correlation parameter used to fit the model [18–21].

For simplicity, in this paper, f (x) is defined as a constant
with the value of one. Based on the results in Table 3, the
Kriging model between design variables and objective func-
tions is established using Dace toolbox of MATLAB soft-
ware. The results of Kriging model for response objects are
shown in Table 4.

To verify the precision of the Kriging prediction model, in
this paper, another five random experiment schemes are
selected within the ranges of the design variables, and the
numerical result is shown in Table 5. After calculation, the
errors between the predicted and numerical results are all less
than 10 %. Thus, it illustrates that the result predicted by
Kriging model is accurate.

3.5 Execution of Pareto-based genetic algorithm

Generally, although engineering problems include multiple
objective optimizations, the objective functions are usually
in conflict with each other. That is to say, there is not an
optimal design point which can make all the objective func-
tions simultaneously be the best. If a group of parameters is
set to optimize the problem with respect to only one objec-
tive function, it is possible that the results of the group of
parameters will be in opposition to the other objective func-
tions. To be more clear, the Pareto optimal solutions are
introduced in the paper. For a minimum value problem, a
feasible solution x* is a Pareto optimal solution, if and only if
there is no other feasible solution x such that

f i xð Þ≤ f i x*
� �

i ¼ 1;…; n ð5Þ
And for at least one j, 1≤ j≤n, satisfying

f j xð Þ < f i x
*

� � ð6Þ

Table 3 Latin hypercube
sampling Number α (°) L (mm) H (mm) SDV (mm/s) σmax (Mpa) dismax (mm)

1 48 27 17 1.30 650.3 0.020

2 66 22.5 27 7.20 622.4 0.045

3 56 36 28 3.79 607.4 0.066

4 40 28.5 20 1.50 653.3 0.042

5 68 34.5 15 3.46 571.1 0.015

6 46 18 12 6.96 703.3 0.016

7 38 30 19 2.27 620.3 0.050

8 58 15 22 11.43 646.2 0.058

9 72 33 23 1.44 595.2 0.008

10 64 16.5 16 12.07 625.5 0.059

11 54 31.5 14 2.27 621.1 0.026

12 34 37.5 29 6.78 651.1 0.109

13 70 19.5 30 11.24 633.7 0.073

14 62 42 18 9.60 542.5 0.069

15 36 39 11 10.52 552.4 0.071

16 52 25.5 21 2.82 678.1 0.015

17 44 40.5 24 8.75 584.7 0.094

18 60 24 25 5.08 642.3 0.021

19 50 21 26 6.39 689.0 0.015

20 42 13.5 13 9.67 710.1 0.025

Table 4 Results of Kriging
model for response objects Objective function β θ1 θ2 θ3 σ2

SDV 0.20 0.21 3.30 0.10 6.78

σmax −0.097 0.82 0.63 0.16 2160.10

dismax 0.28 0.36 0.82 0.10 0.00061
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To sum up, the Pareto optimal solutions are compromise
ones in the feasible solutions region. Every solution would
be the best one according to different requirements of the
designers, and designer could select the best ones from the
Pareto optimal solutions [22–24].

In this paper, the purpose of the optimization is to mini-
mize the SDV in the cross-section of the bearing exit and the
maximum die stress. At the same time, the maximum man-
drel deflection should be less than 0.01 mm. The optimiza-
tion problem can be depicted by the following equations:

Find : α; L;H ð7Þ

Minimize : SDV α; L;Hð Þandσmax α; L;Hð Þ ð8Þ
Subjected to the constraints:

dismax α; L;Hð Þ≤0:01mm ð9Þ
Within ranges:

34�≤α≤72�; 13:5mm≤L≤42mm; and11mm≤H ≤30mm

ð10Þ
The above optimization problem was solved by using

nondominated sorting in genetic algorithms (NSGA) based
on Pareto combined with Kriging prediction model. NSGA
is a computationally efficient algorithm implementing idea
of a selection method based on classes of dominance of all
the solutions. It incorporates an elitist and a rule for adapta-
tion assignment that takes into account both the rank and the
distance of each solution regarding others.

The optimization procedure of NSGA includes the fol-
lowing steps:

1. Encoding parameters. The design variables must be
transformed into a form of chromosomes. The chromo-
somes should contain information about the solutions,
which they represent and should be encoded in binary
strings.

2. Initializing the population. The individuals which con-
sist of an initial population are produced randomly.

3. Evaluating fitness. The fitness of each individual will be
evaluated by objective functions, and Pareto ranking
method is used to determine the fitness value. Firstly,
setting all individuals initial ranking equal to 1; second-
ly, evaluating all the individuals by one of the objective
functions, and finding individuals whose objective func-
tions value is minimized of all individuals, and set the
Pareto ranking of these individuals equal to an integer k
(the initial value is 1); thirdly, getting rid of these in-
dividuals which are equal to k and set others equal to
k+1; then, the previous two steps are continued until all

Table 5 Comparison between Kriging model and numerical simulation

Number α (°) L (mm) H (mm) SDV (mm/s) Error (%) σmax (Mpa) Error (%) dismax (mm) Error
(%)

Numerical
result

Predicted
result

Numerical
result

Predicted
result

Numerical
result

Predicted
result

1 36 18 28 2.14 2.34 9.5 % 607.3 618.0 1.8 % 0.015 0.016 8.8 %

2 44 16.5 18 7.53 7.97 5.8 % 725.2 713.9 1.6 % 0.019 0.018 6.7 %

3 56 28 25 2.22 2.14 3.6 % 693.5 673.9 2.8 % 0.023 0.021 9.1 %

4 60 31.5 14 9.57 9.00 6.0 % 597.6 612.5 2.5 % 0.055 0.052 5.8 %

5 68 21 20 6.80 7.03 3.4 % 674.1 696.9 3.4 % 0.024 0.026 7.6 %

Fig. 5 Flow chart of the multi-genetic algorithm
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of the individuals have their own Pareto ranking. Then
the fitness value of each individual is a reciprocal num-
ber of their own Pareto ranking.

4. Calculating the crowding distance for each individual.
The crowding distance shows how close an individual is
to its neighbors. Large average crowding distance will
result in better diversity in the population.

5. Genetic manipulation. Parents are selected from the pop-
ulation by using binary tournament selection based on
the rank and crowding distance. An individual is select-
ed if the rank is lesser than the other, or if crowding
distance is greater than the other. The selected popula-
tion generates offsprings from crossover and mutation
operators (where crossover is a genetic operator used to
vary the programming of a chromosome or chromo-
somes, and mutation is used to maintain genetic diver-
sity from one generation to the next).

6. Termination: Commonly, the algorithm terminates when
either a maximum number of generations has been pro-
duced, or a satisfactory fitness level has been reached for
the population. Otherwise, the process returns to the
second step, and all the following steps will be executed
again until the termination condition is satisfied [25–29].

The flow chart of multiobjective genetic algorithm is
shown in Fig. 5.

In the optimization process, the population size is
initialized as 100. The mutation rate is set to 0.01.
Uniform crossover is adopted, so that the parent chro-
mosomes could contribute the gene level rather than the
segment level, and the crossover rate is set to 0.9. The
termination generations are set to 50 in order to save
computation time. Figure 6 shows the Pareto optimal
solutions of σmax and SDV, which represent the maxi-
mum die stress and the SDV in the cross-section of the
bearing exit. Each point in the figure represents one
Pareto optimal solution. As described above, the smaller
the SDV values, the better the quality of extruded
profile. While the smaller the maximum die stress
σmax, the better the die strength. Therefore, it can be
concluded from Fig. 6 that there is a conflicting rela-
tionship between the two objectives. When the SDV
decreases, the maximum die stress σmax increases and
vice versa. Therefore, the best point is selected from
100 groups of Pareto optimal solutions under the limi-
tation that the SDV and σmax should be lesser than
1.5 mm/s and 600 Mpa, respectively. After rounding
up, the optimal die structure parameters are gained,
where α=71°, L=33 mm, and H=22 mm. Based on
the Kriging prediction model, the values of SDV in
the cross-section of the extrudate, the maximum die
stress, and the maximum mandrel deflection are
1.42 mm/s, 592.7 Mpa, and 0.007 mm, respectively.
To verify the predicted result, the confirmation experi-
ment is performed using the optimal die structure pa-
rameters by means of HyperXtrude. After calculation,
the SDV in the cross-section of the extrudate, the max-
imum die stress and the maximum mandrel deflection
are gained, with the values of 1.36 mm/s, 576.4 Mpa,
and 0.008 mm, respectively, which have a small error
between estimated and experimental results.

Fig. 6 Pareto optimal solutions of the design variables

Fig. 7 Comparison of velocity
distribution in the cross-section
of the extrudate: a initial die
design and b optimal die design
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4 Comparison between the initial and the optimal die
design schemes

With the initially designed die structure, the extrusion process
simulation is executed in order to compare with the optimal
scheme. Figure 7 shows the comparison of velocity distribution
at the cross-section of the extrudate for the initial and the optimal
scheme. In the initial die design scheme, it is clearly seen that the
velocity distribution in the cross-section of the extrudate is not
very uniform, and the deflection in four corners of the extrudate
is very obvious. The flow velocity in part 2 is faster than that in
other parts, and the maximum velocity is up to 72.8 mm/s. The
material in part 1 has relatively slower flow velocity, and the
minimum velocity is 51.9 mm/s. After calculation, the value of
SDV for the initial scheme is up to 6.44 mm/s, and the velocity
difference in the extrudate is 21 mm/s. While in the optimal
scheme, it is seen that the velocity distribution in the extrudate is
very even, and the deflection of the extrudate can be ignored. The
maximum velocity is decreased to 63.6 mm/s, and the minimum
velocity is increased to 57.9 mm/s. Compared with the initial
scheme, the velocity difference between the maximum and min-
imum velocity and the value of SDV is decreased to 5 and
1.26 mm/s, respectively.

Figure 8 shows the comparison of the stress distribution in
the upper die for the initial and the optimal scheme. In both
schemes, the maximum stress is observed in the junction of
the port bridge and the mandrel, where cracks easily occur. In
the initial scheme, the maximum stress in the upper die is
712 Mpa. While in the optimal die structure, the maximum
stress is decreased by 19 %, with the value of 576 Mpa; thus,
it is favorable to improve service life of extrusion die. In
addition, in the optimal scheme, the maximum deflection in

the mandrel is decreased from 0.014 mm of the initial die
design scheme to 0.008 mm, thus the precision of the internal
features of the profile is greatly improved. The comparison
of the optimization objective for the initial and the optimal
scheme is shown in Table 6.

5 Conclusions

In this paper, the method for porthole die optimization based
on modern intelligence algorithm and numerical simulation
was proposed in order to provide theoretical guideline for
extrusion die design. A profile with irregular shape was
taken as an example, and multiobjective optimization for
porthole extrusion die was carried out. Through comparing
and analyzing the numerical simulation results, the following
conclusions are drawn.
1. In porthole extrusion die design, the angle between port

bridges, the position of die orifice, and the height of
welding chamber are important parameters that influence
the product quality and service life of extrusion die di-
rectly. Thus, with a properly designed die structure, metal
flow could be effectively controlled, and the die stress and
the mandrel deflection could be decreased greatly.

2. Through multiobjective optimization of the porthole die,
an optimal die structure is gained. With the optimal die
structure, the value of SDV in the cross-section of the
extrudate is only 1.36 mm/s. The maximum die stress is
576.4 Mpa, and the maximum mandrel deflection is
0.008 mm. Compared with the initial scheme, the above
values were decreased by 79, 19, and 47 %, respectively.

Fig. 8 Comparison of stress distribution in the upper die: a initial die design and b optimal die design

Table 6 Comparison of the ini-
tial and optimal schemes Design variables Optimization objective

Parameters α (°) L (mm) H (mm) SDV (mm/s) σmax (Mpa) dismax (mm)

Initial scheme 45 20 25 6.41 712.0 0.014

Optimal scheme 71 33 22 1.36 576.4 0.008
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Thus, the profile quality was greatly improved, and the
extrusion service life of extrusion die was prolonged.

3. In this paper, the multiobjective optimization design of
porthole extrusion die based on CAD, CAE, and CAO
has strong commonality, thus, it could be used to solve
the multiobjective problem of the same kind profile.
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