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Abstract 
Using Parametric Design Language of ANSYS (APDL), a three-dimensional random 
distribution model is established in the way of command flow, the finite element mesh 
of the model is divided, and the corresponding material parameters are set. The first 
principal stress and von Mises stress of magnesium matrix composites under stress field 
are calculated, and the stress nephogram is obtained. The results show that the 
distribution of the first principal stress and von Mises stress near the interface between 
carbon nanotubes and magnesium matrix is very uneven. The maximum von Mises stress 
almost occurs at the interface between carbon nanotube and magnesium matrix, and the 
maximum value is 163.646MPa, at which yield is easy to occur. The maximum value of 
the first principal stress appears around the carbon nanotube, that is, near the interface 
in contact with the magnesium matrix, which is about 234.999MPa, and the first 
principal stress borne by the carbon nanotube is larger than itself, indicating that cracks 
are most likely to initiate near the interface until the material breaks. 
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1. Introduction 

Magnesium matrix composites have the lowest density among metal matrix composites, with high 
specific strength and specific height, as well as good physical and mechanical properties. Since 1980s, 
magnesium matrix composites have been regarded as one of the discussion points in the research field 
of metal matrix composites[1], and which have been widely used in automobile, aviation, aerospace, 
military industry and other fields. 

Carbon nanotubes have many excellent mechanical properties, such as high strength, high toughness, 
stable chemical properties[2-4], excellent antifriction and wear resistance, so that they have received 
some attention and progress in the field of reinforced polymer composites. Varol et al.[5] prepared 
copper matrix composites reinforced by nano graphite, graphene nano sheet and carbon nanotube 
respectively by sheet powder metallurgy. It was found that when the content of reinforcement 
increased from 0.5% to 5%, the hardness value of copper matrix composites decreased. Zhou et al.[6] 
studied the mechanical behavior of nickel plated carbon nanotubes reinforced magnesium matrix 
composites by molecular dynamics simulation. The results showed that the interface can effectively 
transfer the load between carbon nanotubes and matrix in the composites. Bhaskar et al.[7] studied 
the effect of hot extrusion on the mechanical properties of carbon nanotube reinforced magnesium 
matrix composites. The results showed that most carbon nanotubes can be evenly distributed and can 
significantly improve the tensile strength, yield strength and Young's modulus of the composites. 
Zhang et al.[8] prepared magnesium matrix composites through a new method to make multi wall 
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carbon nanotubes evenly distributed in the matrix. The results showed that this method has a good 
application prospect for carbon nanotube reinforced magnesium matrix composites. 

Computational micromechanics, that is, the comprehensive application of micromechanics, material 
science and finite element calculation technology, is one of the most commonly used methods in the 
analysis of composite mechanical properties. According to the composite mesostructure and load 
conditions, the corresponding representative meso computational volume elements are established, 
and the interface conditions and boundary conditions are determined. The biggest advantage of finite 
element computational micromechanics[9] is that it can obtain a complete stress-strain field at the 
reinforcement diameter scale, and then reflect the macro characteristics of composites. In this paper, 
ANSYS finite element software[10-12] is used to establish a three-dimensional random distribution 
model to simulate the uniaxial tensile test of carbon nanotube reinforced magnesium matrix 
composites. 

2. Physical Model and Calculation Method 

2.1 The Three Dimensional Random Distribution Model 

Considering the structural characteristics of carbon nanotubes, carbon nanotubes are simulated as 
slender hollow cylinders randomly distributed in magnesium matrix. The hollow cylinders adopt the 
same diameter and length as carbon nanotubes. Using the APDL secondary development function of 
ANSYS software, the three-dimensional random release program of hollow cylinder in micro element 
is compiled. This program is used to establish the model of carbon nanotube reinforced magnesium 
matrix composites. 

After all the random hollow cylinder particles of carbon nanotubes are successfully put into use, the 
micro cube is established by using the inherent function of ANSYS as the magnesium matrix, and 
then Boolean operation is carried out with the hollow cylinder particles to make the volume fraction 
of carbon nanotubes in the magnesium matrix about 1%, and the carbon nanotube reinforced 
magnesium matrix composite model is obtained, as shown in Figure 1. 

 

 
Figure. 1 The three-dimensional model 

2.2 Model Parameters and Meshing 

In this paper, the model parameters are selected as follows: the material 1 is Mg matrix parameters[13]: 
elastic modulus EMg = 44GPa, Poisson's ratio vMg = 0.35; the material 2 is carbon nanotube as 
reinforcement parameter[14]: elastic modulus E = 523.4GPa, Poisson's ratio v = 0.165. 

The magnesium matrix adopts solid185 8-node element and the carbon nanotube adopts solid186 20 
node element. The magnesium matrix and hollow cylinder are meshed in Free Quad mode. The 
division results are shown in Figure 2. 
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Figure. 2 Mesh consequence of 3D model 

2.3 Loading Mode 

The boundary conditions are applied to the established three-dimensional mechanical model. Firstly, 
full constraints are imposed on the XOZ surface at the bottom of the model. Then the load is applied 
to the model, and the surface tension parallel to the Y axis and in the same direction as the positive 
direction of the Y axis is applied to the top plane of the model. 

3. Results and Discussion 

3.1 Von Mises Stress Analysis 

The stress nephogram of carbon nanotube reinforced magnesium matrix composites was obtained by 
the simulation analysis function of ANSYS software. Figure 3 shows the overall von Mises stress 
nephogram of the model during tensile simulation. In order to analyze the simulation results more 
conveniently and intuitively, the APDL command flow can be used to quickly intercept the 
corresponding stress profiles along the X, Y and Z axes. Figure 4 shows the section of representative 
von Mises stress nephogram selected along the X-axis and its corresponding model section. Figure 5 
and Figure 6 show the section of representative von Mises stress nephogram selected along the Y-
axis and Z-axis and their corresponding model section respectively. The chromaticity marks from left 
to right displayed at the bottom of the stress nephogram represent the change of stress (or strain) from 
the weakest to the strongest. 

 

 
Figure 3. von Mises stress of matrix 
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According to the whole von Mises stress nephogram of the model in Figure 3, the stress in most areas 
of the matrix is stable, and the value is about 97.733 MPa -110.916 MPa, indicating that the von 
Mises stress borne by the matrix is relatively small and the stress distribution is relatively uniform in 
the matrix. It can be seen from the von Mises stress section diagrams and corresponding model section 
diagrams in (a) and (c) of Fig. 4 and Fig. 5, respectively that the von Mises stress on the matrix near 
the constrained fixed end face is the smallest, the minimum value is 45.004MPa, and the direction is 
along the load action surface. When it is opposite to the direction of the fixed end, the von Mises 
stress on the matrix gradually increases, and the maximum value is about 163.646MPa. 
 

    
(a) x=40nm von Mises stress section             (b) x=40nm model section 

     
(c) x=70nm von Mises stress section           (d) x=70nm model section 

Figure 4. von Mises section and model section in the X-axis direction 
 

From all stress sections, it can be seen that von Mises stress is extremely unevenly distributed near 
carbon nanotube particles. The stress distribution of the matrix around the carbon nanotube has a 
minimum value, a middle value and a large value, while the stress distribution of the carbon nanotube 
itself shows a large value, indicating that there is a region with large stress gradient at the interface 
between the matrix and the reinforcement, which will lead to the phenomenon of stress discontinuity 
between the reinforcement and the matrix, then the debonding phenomenon occurs between the 
reinforcement and the matrix interface, and finally leads to material failure. It can be clearly seen 
from the figure that the von Mises stress of the reinforcement is significantly greater than that of the 
substrate, indicating that the reinforcement itself shares a large von Mises stress for the magnesium 
matrix, so as to achieve the role of reinforcement; in the surrounding part of the reinforcement, that 
is, near the interface with the magnesium matrix, the stress distribution in some areas presents the 
maximum value, indicating that there is a maximum stress near the interface between the 
reinforcement particles and the matrix, indicating that the yield phenomenon is most likely to occur 
in the area near the interface. 
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(a) y=30nm von Mises stress section               (b) y=30nm model section 

     
(c) y=60nm von Mises stress section            (d) y=60nm model section 

Figure 5. von Mises section and model section in the Y-axis direction 
 

Therefore, it can be inferred that when carbon nanotubes are used as the reinforcement of magnesium 
matrix, when the composite is subjected to uniaxial tension, the von Mises stress borne by carbon 
nanotubes is relatively large, because its excellent mechanical properties bear a large stress for the 
matrix, thus playing the role of reinforcement. This result is consistent with the reinforcement 
obtained in reference[15], which shows that the model design and parameter selection in this paper 
are reasonable. 
 

     
(a) z=40nm von Mises stress section           (b) z=40nm model section 
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(c) z=70nm von Mises stress section           (d) z=70nm model section 

Figure 6. von Mises section and model section in the Z-axis direction 

 

Therefore, when carbon nanotubes reinforced magnesium matrix composites are subjected to uniaxial 
tension, carbon nanotubes as reinforcements can share large von Mises stress for magnesium matrix, 
so as to achieve the effect of strengthening magnesium matrix composites. The von Mises stress 
gradient near the interface between carbon nanotube and magnesium matrix is large, which is likely 
to cause strain discontinuity between carbon nanotube and magnesium matrix, and then lead to 
debonding between carbon nanotube and magnesium matrix, resulting in the failure of the composite. 
There will be a great von Mises stress near the interface between carbon nanotubes and magnesium 
matrix, that is, the yield phenomenon is most likely to occur near the interface between them. 

3.2 The First Principal Stress Analysis 

 
Figure 7. 1st principle stress distribution 

 

Figure 7 shows the cloud diagram of the first principal stress of the whole model during the tensile 
simulation. In order to analyze the simulation results more conveniently and intuitively, the same 
method is used to intercept the corresponding stress profile and model section along the X, Y and Z 
axes. Fig. 8, Fig. 9 and Fig. 10 show the cross-sectional view of the representative first principal stress 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0054

 

413 

nephogram selected along the X-axis, Y-axis and Z-axis respectively and the corresponding model 
section. 

From the overall first principal stress cloud diagram of the model in Figure 7, it can be seen that the 
stress distribution of the matrix near the constrained fixed end face is from the smaller value to the 
middle value, indicating that the first principal stress of the matrix near the fixed end face is small. 
The stress distribution near the end face opposite to the fixed end face is mainly large, indicating that 
the first principal stress of the matrix near the end face under tension is relatively large. 

 

 

     
(a) x=40nm1st principle stress section             (b) x=40nm model section 

     
(c) x=70nm1st principle stress section            (d) x=70nm model section 

Figure 8. 1st principle stress section and model section in the X-axis direction 

 

From the section diagram of the first principal stress in the X-axis direction in Fig. 8, the section 
diagram and the corresponding model section diagram of the first principal stress in the Y-axis and 
Z-axis directions in Fig. 9 and Fig. 10, it can be seen that the distribution of the first principal stress 
near the reinforcement particles in the whole simulation model is extremely uneven and the first 
principal stress is large. Specifically, the first principal stress around the reinforcement, that is, near 
the interface in contact with the magnesium matrix, is the largest, so that the cracks are most likely 
to initiate near the interface; the stress distribution inside the reinforcement shows a large value, 
indicating that the first principal stress inside the reinforcement is no longer the smallest, but greater 
than the stress borne by the reinforcement itself. The area around the reinforcement particles shows 
a large value, indicating that the first principal stress in this area is also relatively large, and the crack 
is likely to expand along this area after it is produced. 
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(a) y=30nm1st principle stress section                  (b) y=30nm model section 

     
(c) y=60nm1st principle stress section                (d) y=60nm model section 

Figure 9. 1st principle stress section and model section in the Y-axis direction 

 

     
(a) z=40nm 1st principle stress section              (b) z=40nm model section 
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(c) z=70nm 1st principle stress section               (d) z=70nm model section 

Figure 10. 1st principle stress section and model section in the Z-axis direction 

 

Therefore, it can be inferred that when carbon nanotube reinforced magnesium matrix composites are 
subjected to uniaxial tensile deformation, cracks are most likely to initiate near the interface between 
carbon nanotube and magnesium matrix, resulting in damage or fracture, so the interface between 
them is the most dangerous. 

3.3 Y-axis Direction Stress Analysis 

Figure 11 shows the stress nephogram in Y-axis direction of the whole model. In order to analyze the 
simulation results more intuitively, the corresponding axial stress profiles along the X, Y and Z axes 
are intercepted by the same method. Figure 12 shows the cross-section of the representative Y-axis 
stress nephogram selected along the X-axis direction and its corresponding model section, and Figure 
13 shows the cross-section of the representative Y-axis stress nephogram selected along the Y-axis 
and Z-axis direction and its corresponding model section. 

 

 
Figure 11. Y-Component of stress 
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(a) x=30nm Y-Component of stress section          (b) x=30nm model section 

 
(c) x=50nm Y-Component of stress section            (d) y=50nm model section 

Figure 12. Y-Component of stress section and model section in the X-axis direction 

 

 
(a) y=30nm Y-Component of stress section              (b) y=30nm model section 
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(c) z=40nm Y-Component of stress section         (d) z=40nm model section 

 
(e) z=60nm Y-Component of stress section       (f) z=60nm model section 

Figure 13. Y-Component of stress section and model section in the Y-axis and Z-axis direction 

 

It can be seen from the overall Y-axis stress nephogram of the model in Figure 11 that under the 
action of tensile load, the Y-axis stress of the model is negative, indicating its compressive stress. It 
can be seen from the axial stress section diagram and model section diagram taken along the X, Y 
and Z directions of the models in Figure 12 and Figure 13, that the Y-axial stress distribution is 
extremely uneven near the reinforcement. The reinforcement bears the smallest Y-axial stress, 
indicating that the reinforcement bears the smallest compressive stress; The Y-axis stress of the 
matrix near the reinforcement is larger than that far away from the reinforcement, indicating that the 
compressive stress of the matrix near the reinforcement is larger. The maximum Y-axial stress near 
the interface between the reinforcement and the matrix shows that the compressive stress near the 
interface between the matrix and the reinforcement is the largest. As can be seen from Fig. 12 and 
Fig. 13 (c) and (e), near the reinforcement, the maximum Y-axial stress on the model expands along 
the direction of load action. 

4. Conclusion 

In this paper, the mechanical properties of carbon nanotube reinforced magnesium matrix composites 
under tensile action are studied by using ANSYS software. The three-dimensional model of 
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reinforcement reinforced magnesium matrix composites is established. By setting parameters, 
applying boundary conditions and loads, numerical simulation is carried out, and the von Mises stress 
nephogram and the first principal stress nephogram of the model are intercepted for analysis. The 
conclusions are as follows: 

During the uniaxial tensile numerical simulation of carbon nanotube reinforced magnesium matrix 
composites, it is found that the von Mises stress and the first principal stress are still very uneven near 
the carbon nanotube. The von Mises stress and the first principal stress borne by carbon nanotubes 
are large, which can share the stress for magnesium matrix. The von Mises stress is the largest near 
the interface between carbon nanotubes and magnesium matrix, which is about 163.646 MPa, that is, 
the yield phenomenon is most likely to occur at the interface. There is also a maximum value of the 
first principal stress near the interface, which is about 234.999MPa, that is, cracks are most likely to 
sprout at the interface until damage or fracture, where is the most dangerous position.As a hot research 
technology, moving target tracking technology has been widely used in various fields. With the help 
of low cost, low power consumption, self-organization and high error tolerance of wireless sensor 
networks, moving target tracking based on wireless sensor networks also has broad application 
prospects. 
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