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The mechanical properties of the water-assisted injection molded tube can be enhanced by the increase in the short fiber
circumferential orientation (SFCO).Thus, the numerical method verified by experiments is used to simulate the SFCO distribution
in the overflow water-assisted injection molding (OWAIM), with the mechanism of short fiber orientation analyzed as well. The
effect of parameters (filling time, melt temperature, mold temperature, delay time, water pressure, and water temperature) on the
SFCO is explored by range analysis and variance analysis of the orthogonal experimental scheme. Moreover, both of artificial
neural network (ANN) and genetic algorithm (GA) are used to model and optimize process parameters. Results show that the melt
temperature, delay time, and water pressure are predominant parameters. The evolution of SFCO increases with the increase of
melt temperature and water pressure, whereas the changes in delay time reverse. The value of the maximum SFCO tensor obtained
by GA optimization is found to be 0.234.

1. Introduction

Injectionmolding is themain process used to produce plastic
products [1, 2]. Water-assisted injection molding (WAIM),
similar to the gas-assisted injection molding (GAIM), fills
the high-temperature melt followed by the injection of high-
pressure water after a short delay time and forms a plastic
part with hollow channel finally. Due to the incompressibility,
high thermal conductivity, and high heat capacity of the
medium water, WAIM has the characteristics of thin residual
wall thickness (RWT) and high production efficiency and
has obvious technological advantages in the preparation
of hollow shaped plastic parts. At present, the research
mainly focuses on the influence of factors (such as process
parameters and material properties) on primary penetration,

secondary penetration, and RWT distribution of plastic parts
[3–6].

Short-fiber-reinforced composites (SFRC) can effectively
improve themechanical properties of water-assisted injection
molded parts [7]. Liu et al. [8] have used the short-fiber
reinforced polypropylene as raw material in short water-
assisted injection molding (SWAIM). Results showed that
the short fibers in RWT oriented mostly along the melt flow
direction. Meanwhile, the orientation of the poly-butylene-
terephthalate composites containing 15% glass fiber has been
studied by Liu et al. [9]. They have found that the short
fibers near the mold surface are arranged mainly along the
melt flow direction, and the orientation gradually decreased
with the increase of thickness. In order to further explore
the orientation distribution characteristics of short fibers in
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SWAIM, Huang et al. [10] have proposed that the short fiber
orientation along the melt flow direction in the cross section
near the high-pressure water inlet decreases gradually with
the increasing thickness.

The mechanical properties of SFRC are closely related to
the orientation of short fibers, and the reinforcing effect is
mainly controlled by the direction of short fibers arrange-
ment [11–13]. Experimental studies show that the short fibers
of RWT in WAIM are mainly oriented along the axial
direction and weakly oriented in the circumferential and
radial directions. This implies that the mechanical properties
of the parts in the circumferential direction are far below the
axial direction. In order to improve the pressure resistance,
friction resistance, and aging resistance of the water-assisted
injectionmolded pipe, it is desirable to havemore short fibers
oriented in the circumferential direction. In general, the
orientation distribution of the short fibers can be adjusted by
altering the melt flow pressure and velocity field distribution
in WAIM through appropriate process parameters [14–16].

Up to our knowledge, due to the difficulty in assessment
of the performing quantitative experimental characteriza-
tion, various researches focus on the qualitative observa-
tion of the short fiber orientation using scanning electron
microscopy (SEM). To quantitatively characterize the short
fiber orientation of RWT, it is crucial to carry out effec-
tive numerical simulation for WAIM. Thus, based on the
improvedAnisotropic RotaryDiffusionmodel and Retarding
Principal Rate Model (iARD-RPR) proposed by Tseng [17–
19], the numerical simulation of short fiber orientation
distribution in overflow water-assisted injection molding
(OWAIM) is implemented. The validity of the model and
mechanism of short fiber orientation are analyzed. For this
purpose, the orthogonal experimental scheme is designed
to obtain the sample data. Meanwhile, an artificial neural
network (ANN) is used to map the nonlinear relationship
between process parameters and short fiber circumferential
orientation (SFCO). In addition, the genetic algorithm (GA)
uses the ANN model as the fitness function to optimize
the process parameters for the maximum circumferential
orientation.

2. Methods

2.1. Related Mathematical Models. The numerical simulation
of short fiber orientation in OWAIM is based on the fiber
orientation tensor evolution equation and the fluid mechan-
ics governing equation. According to the fiber orientation
theory, a single fiber is usually regarded as a rigid cylindrical
rod. As shown in Figure 1, the orientation of a single fiber can
be described by the unit vector [20].

P = ( sin 𝜃 cos𝜑
sin 𝜃 sin𝜑
cos 𝜃 ) (1)

where P is the direction of the fiber; 𝜃 and 𝜑 are the angles
between P and the coordinate axis.

The orientation tensor A is defined to succinctly depict
the orientations of a large amount of short fibers [17].

A = ∮𝜓 (P)PPdP = [[[
A11 A12 A13
A12 A22 A23
A13 A23 A33

]]] (2)

A11 + A22 + A33 = 1 (3)

where 𝜓(P) is the probability density distribution function
of the whole orientation space; A is a symmetric matrix,
and when A=I/3, it represents the orientation state isotropic,
where I is an identity matrix. The diagonal Components
A11, A22, and A33 represent orientation tensors in the axial,
circumferential, and radial directions, respectively.

Tseng has proposed the iARD-RPR fiber orientation
prediction model composed of three parts, such as hydrody-
namic model ȦHD, improved anisotropic rotational diffusion
model ȦiARD [20], and delayed principal rate model ȦRPR

[21].

Ȧ = ȦHD + ȦiARD (CI,CM) + ȦRPR (𝛼) (4)

ȦHD = (W ∙ A) − (A ∙W) + 𝜉 (D ∙ A + A ∙ D
− 2A4 : D) (5)

ȦiARD = ̇𝛾 [2Dr − 2tr (Dr)A − 5Dr ∙ A − 5A ∙ Dr+ 10A4 : Dr] (6)

Dr = CI (I − CM
D2D2) (7)

ȦRPR = −R ∙ Λ̇IOK ∙ RT (8)

Λ̇IOK
ii = 𝛼�̇�i, i, j, k = 1, 2, 3 (9)

where ȦiARD contains two effective parameters: interfiber
interaction factor CI (0 < CI < 0.1) and fiber-matrix
interaction factor CM (0 < CM < 1); ȦRPR contains a
parameter 𝛼 (0 < 𝛼 < 1), used to slow down the response
speed of fiber orientation. W is the vortex tensor; D is
the deformation rate tensor; 𝜉 is a dimensionless number.
The fourth-order orientation tensor A4 is determined by
the higher order polynomial approximation of second-order
tensor A; Λ̇IOK is the diagonal tensor material derivative and
its superscript is the intrinsic orientation kinetic assumption;Λ̇IOK

ii is the i-th diagonal component of Λ̇IOK; R is a rotation
matrix; 𝜆i is the eigenvalue of the matrix A (𝜆1 > 𝜆2 > 𝜆3).

In the injection molding process, the initial condition of
the fiber orientation tensor at the entrance was set as the
isotropic state. The movement of short fibers in the poly-
mer melt is a transient, non-Newtonian, and nonisothermal
process. In the numerical simulation, the melt is regarded as
incompressible, laminar, and the inertia term is ignored. The
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Figure 1: Schematic diagram of short fiber orientation.

basic governing equations for transient and nonisothermal
melt motion in OWAIM include the following [17]:

𝜕𝜌𝜕𝑡 + ∇ ∙ 𝜌𝑢 = 0 (10)

𝜕𝜕𝑡 (𝜌𝑢) + ∇ ∙ (𝜌𝑢𝑢 − 𝜎) = 𝜌𝑔 (11)

𝜎 = −pI + 𝜂 (∇𝑢 + ∇𝑢𝑇) (12)

𝜌𝐶𝑝 (𝜕𝑇𝜕𝑡 + 𝑢 ∙ ∇𝑇) = ∇ ∙ (𝑘∇𝑇) + 𝜂 ̇𝛾2 (13)

where 𝜌 is the melt density; u is the velocity vector; t
is the time; 𝜎 is the total stress tensor; 𝑔 is the gravity
acceleration vector; 𝜂 is the viscosity; P is the pressure; 𝐶𝑝
is the specific heat capacity; T is the temperature; 𝑘 is the
thermal conductivity; ̇𝛾 is the shear rate.

The seven-parameter Cross-WLF viscosity model is used
as the constitutive equation, which can well describe the
nonlinear relationship between polymer melt viscosity, tem-
perature, and shear [18].

𝜂 ( ̇𝛾, 𝑇, 𝑃) = 𝜂0 (𝑇, 𝑃)1 + (𝜂0 ̇𝛾/𝜏∗)1−𝑛 (14)

𝜂0 (𝑇, 𝑃) = 𝐷1 exp( −𝐴1 (𝑇 − 𝑇𝑐)𝐴2 + (𝑇 − 𝑇𝑐)) (15)

𝑇𝑐 = 𝐷2 + 𝐷3𝑃 (16)

𝐴2 = 𝐴2 + 𝐷3𝑃 (17)

where 𝜂 is the viscosity; 𝜂0 is the zero shear viscosity; ̇𝛾 is
the shear rate; 𝜏∗ is the material constant; 𝑛 is the power law
index in high shear rate; T is the melt temperature; 𝑇𝑐 is the
glass transition temperature; 𝐷1, 𝐷2, 𝐷3, 𝐴1, and 𝐴2 are the
Constants associated with the selected material.

2.2. Geometric Model and Process Parameters. The geometric
model (Figure 2) consists of two parts: an overflow cavity and
a plastic part with length 280 mm and diameter 20 mm. The
3D solid combination model is built using Pro/E andmeshed
in Moldex Designer. The total number of mesh nodes and

Table 1: Related process parameters in simulation.

Process parameter Values
Filling time /s 1.5-3.5
Melt temperature / ∘C 220-260
Mold temperature / ∘C 40-80
Delay time /s 2-6
Water pressure / MPa 6-8
Water temperature /∘C 20-40𝐶𝐼 0.005𝐶𝑀 0.1𝛼 0.7

mesh elements is 205,056 and 2,208,359, respectively. The 3D
solidmeshedmodel is imported into the commercial software
Moldex3D for material selection and process parameter
settings. The PP (Fiberfil J-68/30/E) containing 30% short
glass fiber with the fiber aspect ratio 20 is used as material
in simulation of OWAIM. First, the melt was injected into
the mold cavity of the plastic part. Second, after a short delay
time, the high-pressure water was injected into the melt and
penetrates along the position with the least flow resistance
and pushed the melt into the overflow cavity to form a plastic
part with a hollow cross-section. The process parameters
considered in this study are shown in Table 1.

2.3. Experimental Verification. The experiment of OWAIM
was carried out in the laboratory using the same process
parameters as the simulation to verify the prediction result of
short fiber orientation distribution.The platform includes an
injection molding machine, a high pressure water injection
system, a mold temperature control system, and a water
temperature control system. The injection molding machine
is the TTI-250FT automatic injection molding machine pro-
duced by Donghua Machinery Co., Ltd. The high-pressure
water injection system is composed of a control system, a high
pressure pump, and a water injection nozzle. The maximum
water injection pressure is 20 MPa. The raw material is
short-fiber-reinforced polypropylene (PP/GH43 with a short
glass fiber mass fraction of 30%) produced by South Korea's
Samsung Total Co., Ltd.

As shown in Figure 3, a section was taken in the middle
of the plastic part along the axial direction. The orientation
distribution of the short fibers was observed by SEM (Nova
NanoSEM 450) with an acceleration voltage of 5kV.The sam-
ple was first immersed in liquid nitrogen and cryofractured
after two hours. The prepared specimen was gold-sputtered
before the observation.

2.4. Orthogonal Experimental Design. During the injection
molding process, the melt is sheared and stretched by the
surrounding melt due to the difference in viscosity gradient,
pressure, and velocity field distribution. The shearing action
leads the short fibers to be aligned along the melt flow
direction, and the stretching effect induces the short fibers to
orient in the stretching direction. The process parameters of
OWAIM considered in this research include filling time, melt
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Figure 2: Geometry of the overflow water-assisted injection molding.

Table 2: Factors and levels of orthogonal experiment design.

Process parameter Level
1 2 3 4 5

Filling time (A) /[s] 1.5 2 2.5 3 3.5
Melt temperature (B) /[∘C] 220 230 240 250 260
Mold temperature (C) /[∘C] 40 50 60 70 80
Delay time (D) /[s] 2 3 4 5 6
Water pressure (E) /[MPa] 6 6.5 7 7.5 8
Water temperature (F) /[∘C] 20 25 30 35 40

Observation areaWater channel

Figure 3: Schematic representation of specimen preparation for
SEM observation.

temperature, mold temperature, delay time, water pressure,
and water temperature. Set the range of values of each
process parameter based on the software's recommendation
for the selected material. In order to reduce the number of
experiments and comprehensive investigation of the effect of
process parameters on the SFCO, orthogonal experimental
design (L25 (5

6)) with six factors and five levels is arranged,
as shown in Tables 2-3. The objective A22 represents the fiber
orientation in the circumferential directions of the pipe. The
values of circumferential component of orientation tensor
were taken at eighteen different points along the thickness
direction of RWT, andA22 is the average value of these points.

2.5. Artificial Neural Network (ANN). ANN inspired by bio-
logic neural system is a computing model used to map linear

Table 3: Orthogonal experimental arrangement and results of
simulation.

No. A B C D E F A22
1 1 1 1 1 1 1 0.195
2 1 2 2 2 2 2 0.196
3 1 3 3 3 3 3 0.197
4 1 4 4 4 4 4 0.194
5 1 5 5 5 5 5 0.201
6 2 1 2 3 4 5 0.203
7 2 2 3 4 5 1 0.182
8 2 3 4 5 1 2 0.187
9 2 4 5 1 2 3 0.193
10 2 5 1 2 3 4 0.201
11 3 1 3 5 2 4 0.19
12 3 2 4 1 3 5 0.202
13 3 3 5 2 4 1 0.217
14 3 4 1 3 5 2 0.192
15 3 5 2 4 1 3 0.191
16 4 1 4 2 5 3 0.205
17 4 2 5 3 1 4 0.187
18 4 3 1 4 2 5 0.193
19 4 4 2 5 3 1 0.188
20 4 5 3 1 4 2 0.221
21 5 1 5 4 3 2 0.193
22 5 2 1 5 4 3 0.207
23 5 3 2 1 5 4 0.213
24 5 4 3 2 1 5 0.185
25 5 5 4 3 2 1 0.189

or nonlinear relationships between factors and responses.
ANN can work as a human brain to establish a sample model
from the perspective of information processing, without
prior information or heuristic assumptions. An ANN model
comprises three parts: one input layer, one or more hidden
layers, and one output layer. The numbers of neurons in the
input and output layer are determined by the numbers of
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factors and responses, respectively. In general, the number of
neurons in hidden layer is determined by trial and error. The
relationship between factors and responses can be depicted as
follows:

𝑂𝑘 = 𝑓𝑜 [[∑𝑗 𝑤𝑘𝑗 ∙ 𝑓ℎ(∑𝑖 𝑤𝑗𝑖𝐼𝑖 + 𝑏𝑗) + 𝑏𝑘]] (18)

where Ii denotes the i-th factor in input layer, wji denotes the
weight between the i-th neuron in input layer and the j-th
neuron in hidden layer, wkj denotes the weight between the j-
th hidden layer and the k-th output layer, bj and bk denote
the bias assigned to j-th neuron in hidden layer and k-th
neuron in output layer, respectively, f h denotes the transfer
function employed in the hidden layer, f o denotes the transfer
function employed in the output layer, and Ok denotes the k-
th response in output layer.

According to Kolmogorov’s theorem [22], anANNmodel
with a single hidden layer has the ability to map any complex
nonlinear relationship between the factors and responses.
In this study, an ANN model with one hidden layer was
used for modeling circumferential component of orientation
tensor. The transfer functions used in the hidden and output
layer are “Tansig” and “Purelin,” respectively.The Levenberg-
Marquardt algorithm was used to train the ANN model, and
ANN can converge with much fewer iterations. By changing
the number of neurons in the hidden layer from 5 to 15, the
ANN topology of 6-13-1 was determined according to the
minimum mean square error between the targets and the
outputs, indicating that there were six neurons in the input
layer, thirteen neurons in the hidden layer, and one neuron
in the output layer (Figure 4).

2.6. Genetic Algorithm (GA). Genetic algorithm based on
natural selection and survival of fitness is a global searching
algorithm and is widely used in the fields of optimization,
pattern recognition, robots, and prediction [23]. Compared
with other optimization methods, it has many advantages
including being not easy to be trapped into the local minima,
requiring little prior information about the searched objec-
tives, and easy identifying of the optima in a complex search
space.

The flow chart of genetic algorithm is shown in Figure 5.
The major operations of GA are summarized as follows.
(1) Selection: individuals are selected based on their fitness
so that better individuals are given a higher chance of
being chosen. (2) Crossover: exchange the information of
the two parents to generate a new individual according to
the crossover probability. (3) Mutation: randomly alter the
information of each chromosome according to the mutation
probability. After the predefined evolution generations or
the resulting solution is satisfied, the genetic algorithm is
stopped.

3. Results and Discussion

3.1. Short Fiber Circumferential Orientation Distribution in
RWT. After the simulation is completed, a cross-section
extracted from the middle of the model is used to observe

Filling time

Melt temperature

Mold temperature

Delay time

Water pressure

Water temperature

1

2

3

13

A22

Input layer Output layerHidden layer

Figure 4: Topology of artificial neural network.

the short fiber orientation distribution. As shown in Figure 6,
the SFCO distribution in the RWT of the tube has a distinct
layered structure. The outer layer has a small SFCO distribu-
tion with a component of orientation tensor about 0.15. The
SFCO distribution in the inner layer near the water channel
increases significantly. The component of orientation tensor
in the region near the water channel is about 0.33, indicating
that the short fibers tend to be freely oriented.

Figure 7 is a typical short fiber orientation distribution
state of RWT in OWAIM. The RWT can be divided into
two regions according to the characteristics of the short fiber
orientation distribution. The short fibers in the region near
the mold wall are arranged mainly along the axial direction,
while these near the water channel are irregularly arranged.
Figure 7(a) is a magnified view of the area selected from the
inner layer, in which there are dense holes caused by the
cryofractured process, indicating many short fibers oriented
in the circumferential direction. Figure 7(b) is a magnified
view of the area selected from the outer layer of the RWT,
in which the existing short fibers have a regular arrangement
in the axial direction. The number of holes in outer layer is
significantly reduced, and many elongated vacancies parallel
to the axial direction are left in the photograph, revealing the
short fibers in outer layer mainly arranged in the axial direc-
tion and very few short fibers oriented in the circumferential
direction. A conclusion can be inferred from Figure 7 that the
value of A22 in the inner layer is larger than that in the outer
layer. Comparedwith the result obtained in Figure 6, it can be
found that the iARD-RPR model is well suited for the short
fiber orientation prediction in OWAIM.

3.2. Orientation Mechanism Analysis of the Short Fibers. The
process of OWAIM includes a melt filling stage and a high-
pressure water filling stage. Figure 8 shows the components of
orientation tensor in the position where the RWT is located
during two filling stages. The melt filling stage of OWAIM is
similar to that of conventional injection molding, in which
the large shear stress and velocity gradient changes exist
between the thin layers near the mold cavity. This makes the
short fibers highly orient along the axial direction due to the
shear action. There are very few short fibers aligned in the
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Figure 5: Chart of genetic algorithm.
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Figure 6: Contour of the circumferential component of orientation
tensor.

circumferential direction and A22 is small in the whole RWT
after melt filling stage. After the delay time, influenced by
the low temperature of the mold cavity, the temperature of
the surface melt is lowered to form a high-viscosity layer,
wherein the short fiber orientation is solidified. During the
penetration process of high-pressure water, the water column
is in a turbulent state because of the short injection time.The
residual melt is squeezed and rubbed by the water column
at the interface between the melt and the water column.

In addition, the flowing melt driven by the water column
stretches the residual melt. The short fibers in the layer near
the water channel, which are originally oriented along the
axial direction, readjust the orientation posture, so that A11
decreases and A22 increases.

3.3. Sensitivity Analysis of Process Parameters. Table 3 shows
the values of A22 in the orthogonal experimental scheme.The
results of range analysis are listed in Table 4, in which 𝐾𝑖 is
the sum value of A22 of all level in each factor. According to
the magnitude of the range R, the order of sensitivity of A22
to the six process parameters is determined as follows: water
pressure, delay time, melt temperature, filling time, water
temperature, and mold temperature. The optimal process
parameters combination recommended by range analysis is
A4B3C5D1E4F3, that is, melt filling time 3s,melt temperature
240∘C, mold temperature 80∘C, delay time 2s, water pressure
7.5MPa, and water temperature 30∘C. From the analysis of
variance (Table 5), it is concluded that melt temperature,
delay time, and water pressure are the predominant factors
with the F values of 7.782, 12.875, and 21.231, respectively,
while filling time, mold temperature, and water temperature
have no significant effects on the A22 with F values of 1.918,
0.938, and 1.061, respectively.

3.4. Modeling the Process Parameters Using ANN. Experi-
mental data (Table 3), obtained from orthogonal experimen-
tal design, were divided randomly into three data sets. 19 of
overall 25 points were used to train the ANN model, and the
other points (3+3) were used to validate and test this model,
respectively. The trained neural network was used to predict
the values of A22 in the orthogonal experimental scheme.The
predicted values shown in Figure 9, which are very consistent
with the expected value, indicate that the neural network
has established a nonlinear relationship between the process
parameters and the A22.

3.5. Effect of Significant Factors on the SFCO. Figure 10
shows the effect of a single significant parameter on the A22
predicted by the ANN model. It indicates that the values
of A22 increase as the melt temperature and water pressure
increase, while A22 has a reverse relation with the delay time.
Asmentioned above, the interferences of high-pressure water
column with the inner layer of RWT result in an increase in
A22. The greater the melt temperature and water pressure are,
the higher the disturbance to the inner layer is, causing an
increase in A22. The longer delay time is, the larger thickness
of solidified layer is, and the thinner thickness of melt is
disturbed by the high-pressure water, leading to the decrease
of the A22.

Figures 11–13 are the response surface contours indicating
the interaction effects of two significant process parameters
on A22. Figure 11 shows the interaction effect of melt temper-
ature and delay time.The value of A22 varies within the range
of [0.195, 0.210], and maximum of A22 is obtained with delay
time 2s and melt temperature 260∘C. Figure 12 shows the
interaction effect of delay time and water pressure. The value
of A22 varies within the range of [0.185, 0.215], andmaximum
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Figure 7: Representative SEMmicrographs of RWT and Magnified views of (a) inner layer and (b) outer layer.

Table 4: Results of range analysis.

Factors A B C D E F
K1 0.983 0.986 0.988 1.024 0.945 0.971
K2 0.966 0.974 0.991 1.004 0.961 0.989
K3 0.992 1.007 0.975 0.968 0.981 0.993
K4 0.994 0.952 0.977 0.953 1.042 0.985
K5 0.987 1.003 0.991 0.973 0.993 0.984
Optimal level 4 3 5 1 4 3
R 0.028 0.055 0.016 0.071 0.097 0.022
Order of importance E>D>B>A>F>C

Table 5: Results of variance analysis.

Factors sum of squares Degree of freedom Mean square F value Fa Significance
A 9.944E-5 4 2.486E-5 1.918

F0.05(4,8)=3.838

F0.01(4,8)=7.006

B 0.403E-3 4 0.101E-3 7.782 ∗ ∗ ∗
C 4.864E-5 4 1.21E-5 0.938
D 0.667E-3 4 0.167E-3 12.875 ∗ ∗ ∗
E 1.101E-3 4 0.275E-3 21.231 ∗ ∗ ∗
F 5.504E-5 4 1.376E-5 1.061
Err. 0.104E-3 8 1.296E-5
Sum 2.375E-3 24
∗∗indicates being significant.
∗ ∗ ∗ indicates being highly significant.

A22 appears with delay time 2s and water pressure 8MPa. As
shown in Figure 13, the value of A22 varies within the range
of [0.182, 0.204] for the interaction effect of melt temperature
and water pressure, and the maximum A22 is got with melt
temperature 260∘C and water pressure 8MPa.

3.6. Optimization and Verification of the Circumferential
Orientation. Taking the trained ANN model as the fitness
function, the optimization of A22 was carried out using the

solver of “ga, genetic algorithm” in the MATLAB R2015b
optimization toolbox, with the principle “the larger, the
better.” The parameters of GA were set as the follows:
population size 50, initial range [0; 1], crossover Fraction
0.8, mutation function 0.01, and generation 100. The evo-
lution of optimization process is recorded in Figure 14.
After 100 generations, the optimized A22 is found to be
0.234. The corresponding process parameters are filling time
3.5s, melt temperature 260∘C, mold temperature 80∘C, delay
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Figure 14: Evolution of the optimization.

time 2s, water pressure 8MPa, and water temperature 36∘C,
respectively. This value of A22 is greater than any set of
experimental results in the orthogonal experimental scheme.
The simulation experiments using the optimal parameters
combination recommended by GA and range analysis are
conducted by Moldex3D, and the obtained A22 are 0.233 and
0.228, respectively. Results show that the SFCO distribution
is improved by two methods, and the combination of ANN
and GA is better than that of range analysis in orthogonal
experimental scheme.

4. Conclusions

In this research, the short fibers orientation distribution
of RWT in OWAIM was simulated using the iARD-RPR
model. Compared with the SEMmicrographs, the simulation
results indicated that this model was suitable for OWAIM.
The simulation results showed that the value of A22 in the
outer layer is small and that in the inner layer increases
significantly. In addition, the simulations indicated that the
penetration of water column readjusted the orientation state
of short fibers, increasing the circumferential orientation
of short fibers in the inner layer of RWT. Through the
range analysis and variances analysis, it was found that melt
temperature, delay time, and water pressure were significant
factors. The values of A22 increase as the melt temperature
and water pressure increase, while decreasing with the delay
time rise. The maximum A22 was 0.234 in the optimization
with the combination of ANN andGA. Comparedwith range
analysis, the combination of ANN andGA resulted in a better
optimization result.This studywill help to further understand
the orientation mechanism of short fibers in OWAIM.
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