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Molecular dynamics method is introduced into the finite element method of continuum by using composite finite 

element method. Morse potential function is used to deduce the uniaxial stress distribution law of high strength 

metal materials, and a composite model composed of grains, grain boundaries and voids is established. The effect 

of grain size on the non-linear stress-strain relationship and the change of macro-elastic modulus of materials 

during unidirectional linear step-by-step loading were studied by means of FEPg software. It can be concluded 

from the analysis experiments that with the decrease of grain size, the non-linear characteristics of high strength 

metal materials are gradually enhanced, and the extensibility of materials is also enhanced. 
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1 INTRODUCTION 
Almost all traditional industrial metal materials are made by smelting casting and powder metallurgy. The high 
functionalization of existing metal materials can be achieved by porosizing them. At present, related research 
fields are devoted to using high strength metal alloys as metal materials with very high added value. 
High-strength metallic materials are solids consisting of micro-particles, most of which are crystals, whose 
characteristic size is at least nanometer in one direction. The typical grain size of high-strength metallic materials 
is l-100 nm. Grain size is an important factor affecting the mechanical properties of traditional metal materials 
(grain size above micron level) (Ding et al. 2017). When the grain size is reduced to nanometer scale, its 
hardness, strength and ductility change greatly. Through a large number of experimental tests, computational 
simulations and theoretical analysis, it is proved that high strength metal materials have very unique mechanical 
properties and structural properties. The biggest difficulty in studying the deformation mechanism is that it is 
difficult to obtain reliable intrinsic mechanical properties from experiments. At present, due to the structural 
stability of nano-materials and the problems in preparation technology of nano-materials, it is very difficult to 
accurately measure the uniaxial stress distribution of high-strength metal materials. 
Wei Han, Yong He, Chuanting Wang, Cheng Ji, Yuan He, Zhiping Guo published an article in the Ekoloji (Issue 
107, 2019), entitled “Experimental Study on the Damage Ability of Reactive Fragments Fabricated by Zr-based 
Metallic Glass (An Environment Perspective)” (Han et al. 2019). In this study, the damage ability of metallic 
glass fragments was evaluated by quasi-sealing chamber test and multi-layer target test. The results show that the 
metal glass will undergo severe chemical reaction after hitting the target, and a large amount of chemical energy 
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will be released. It has important application value. The indoor pressure is too high. The impact velocity plays a 
very important role in the reaction efficiency of ZrCinerial. Although this method has made accurate research and 
analysis on the damage ability of the metal glass, the method is not applicable to other materials and has the 
limitation. 
The stress-strain relationship of materials plays an important role in the study of material properties. Generally, 
the stress-strain curves of different materials are different. Grain size is an important factor affecting the 
mechanical properties of high strength metal materials. In this paper, a composite finite element method is 
proposed, and the molecular dynamics method is introduced into the traditional finite element method, and the 
effect of grain size on the nonlinear stress-strain relationship of the metal material in the one-way stretching 
process is simulated. 

2 IDEA DESCRIPTION 
The rapid development of computer technology provides good conditions for the theoretical research of material 
science. There are two kinds of computational models for computer simulation of the structure and properties of 
materials: continuum model and atomic level model (Wang et al. 2017). The continuum model regards material as 
a continuous medium. Most of the methods adopted are finite element method, and its research object is finite 
element. The atomic level model regards the material as the aggregate of many single atoms, its research object is 
a single atom, and the macroscopical quantity of the material is given by the statistics of all atoms. The molecular 
dynamics method, the Monte Carlo method and the lattice dynamics method are used frequently for the atomic 
level simulation. 
The related experiments and studies show that there are almost no dislocations in the grain under the condition of 
macroscopical load. Near the surface of the grain, the atoms begin to shift the lattice, distortion occurs, the atoms 
in the grain boundary region are arranged irregularly, and the material failure mainly occurs here (Wang et al. 
2017). It can be assumed that nanomaterials are a whole composed of many grains, and the grains and grains are 
filled with grain boundary materials. In this way, high strength metal materials can be regarded as composites 
composed of grain boundary matrix and grain reinforced phase. The crystal grains can be considered to be made 
of a linear elastic homogeneous material because of the general non-destruction of the inside of the crystal grains. 
With the help of the principle of molecular dynamics, the interaction between grains can be found by atomic 
potential function, and the grain boundary material can be filled in the grain boundary region, so that the 
constitutive relation of grain boundary material accords with the interaction relationship between grains. In this 
way, a continuum model is established. 
The relationship between grain boundary elastic modulus and uniaxial strain of high strength metal materials is 
analyzed by Morse potential function: 

 0= exp )ikr D r r （ ） （  (1)

In the formula, D  is the atomic binding energy, ikr  is the atomic distance between i  and k , and 0r  is the 

equilibrium distance between two atoms. The force function between atoms can be obtained by deriving the 
potential function. 
The cube is taken to represent a nanometer crystal, and it is divided into N × N × N small cubes on average 
(outer cube). A smaller cube (inner cube) is taken at the center of each outer cube, which represents the grain. The 
atoms inside the grain are strictly arranged at the lattice point, and the outer cube removes the part of the inner 
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cube as the grain boundary part (Kermanizadeh et al. 2017). In this paper, we assume that the grain boundary 
atoms are arranged according to the rules, and the atomic distance is slightly larger. It is assumed that the spacing 
of the grain boundary atoms is 1.18 times the atomic distance of the internal atoms of the crystal grains, The 
lattice constant of the grain boundary region is the lattice constant inside the crystal grain multiplied by 1.18, and 
the atoms in the grain boundary are also strictly arranged on the grain boundary crystal lattice. Some researchers 
have mentioned that the grain boundary thickness is generally recognized as 1 nm, and the grain boundary 
thickness is 1nm to simulate the uniaxial strain behavior of high strength metal materials, and satisfactory results 
are obtained. In this paper, the grain boundary thickness is also 1 nm, accounting for about 3 ~ 4 atomic layers 
(Yi et al. 2017). 
Within the grain boundary, it is assumed that the material is uniformly distributed and is an isotropic material. 
The above-mentioned calculation can easily obtain the constitutive relation of the grain boundary material, 
wherein the positive stress and the positive strain have the following relationship: 

( )F r
A

    (2)

r

r

r d
d

 
   (3)

In the formula, ( )F r  is the sum of atomic forces between grains, A  is the area of action between two grains,

r  is the spacing between two grains and rd is the equilibrium spacing between two grains.

According to formula (2) and formula (3), the grain boundary stress-strain relationship of metal crystal materials 
can be obtained (Yan et al. 2017), as shown in fig. 1. In this paper, the macroscopic stress-strain relationship of 
nanomaterials before grain boundary softening is only studied, and the relationship between grain boundary 
elastic modulus and strain can be obtained by calculating the tangent slope of stress-strain curve. 

Fig. 1 Grain boundary stress-strain relationship curve of metal crystal materials 

3 RESULTS 
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With the help of finite element source program automatic generation system fepg software, the composite finite 
element model of metal material is established. Grain material is uniform linear elastic material, and its elastic 
modulus is the elastic modulus of the same kind of ordinary crystal. Grain boundary and trigeminal grain 
boundary are considered to be the same material. The constitutive relation of grain boundary and trigeminal grain 
boundary has been deduced by Morse potential function. In theory, the elastic modulus of the hole is zero, but it 
is not allowed in the finite element calculation. In this paper, a very small value is used to replace it. The change 
of the atomic distance has little influence on the Poisson's ratio of the material, so the different components can 
approximate the Poisson's ratio of the conventional metal crystal, and the Poisson's ratio of the conventional metal 
crystal is obtained. The stress-strain relation curve of the crystal with the grain size of 2,20,100 and 1000 nm in 
one-way stretching is simulated to obtain the curve of the elastic modulus and the strain relation of the tangent 
slope of the stress-strain relation curve. Among them, the crystal with grain size of 1000 nm represents the 
conventional crystal, the 100 nm is the boundary size between the conventional crystal and the nanocrystal, the 
crystal with the grain size of 20nm represents the typical nanocrystal, and the 2 nm is the lower limit of the crystal 
(Baumann et al. 2017). 
The results show that with the decrease of grain size, the extension of metal materials increases before grain 
boundary softens. Before grain boundary softens, the extension of iron crystal with grain size 1000 nm is 4.6%, 
that of iron crystal with grain size 100nm is 4.8%, and that of iron crystal with grain size 20 nm is 6.2% 
(Gruntman et al. 2017). When the grain size is reduced to 2 nm, the extension is as high as 13.4%, which is 2.9 
times of that of ordinary iron crystal (in this case, the crystal with grain size 1000 nm). In addition, through the 
same study of aluminum and copper, it is found that the extension of the two metals increases with the decrease 
of grain size before grain boundary softens, and when the grain size decreases to 2 nm, the extension of the two 
metals can reach 2.5 times of that of ordinary crystals. It can be seen that with the decrease of grain size, the 
extension of the material increases gradually, that is to say, the extensibility of the material increases (Pham et al. 
2017). 

4 DISCUSSION 
In the process of linear step-by-step loading, the stress-strain relationship can be obtained from three kinds of 
crystal with different grain sizes, such as iron, aluminum and copper, and the non-linear constitutive character of 
the material is more obvious with the decrease of the grain size, and the ductility of the material is also enhanced 
(Decou et al. 2019). Previous researchers simulated the stress-strain relationship curve of nano-copper single 
crystal under uniaxial tension by molecular dynamics method. The stress-strain relationship curves of the three 
kinds of metal grains simulated by the composite finite element method are very similar to those obtained in the 
nanometer order of magnitude, and all of them exhibit certain nonlinear characteristics, and their extensibility is 
much stronger than that of the ordinary crystals. These characteristics coincide with the toughness and 
superplasticity of nanomaterials discovered by many scholars, and it can be seen that grain size has a great 
influence on the macroscopic mechanical properties of metallic materials. Together with other microstructure 
properties of high strength metal materials, nanomaterials are different from ordinary crystal materials in their 
macroscopic mechanical properties. 

5 CONCLUSION 
With the development and progress of science and technology, the complicated structure of high-end 
manufacturing equipment and the application of a large number of new materials have put forward new 
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requirements on the reliability of the equipment. As a kind of stress that is widely present in the material, the 
residual stress has an obvious influence on the mechanical properties and the dimensional stability of the 
component. Therefore, it is very important to accurately evaluate the stress distribution of the component. In this 
paper, by using the complex finite element method, the molecular dynamics method is introduced into the finite 
element method of the continuum, the single-axis stress distribution of the high-strength metal material is derived 
by the Morse potential function, and a composite model of grain, grain boundary, hole and the like is established. 
The influence of grain size on the nonlinear stress-strain relationship of the material and the change of the 
macroscopic elastic modulus of the material during loading are analyzed. It can be concluded that with the 
decrease of the grain size, the nonlinear characteristics of the high-strength metal material are gradually 
enhanced, and the extension of the material is also enhanced. The simulation idea and its model in this paper are 
of great significance to the study of mechanical properties of nanomaterials, but they are still in the primary stage 
and need to be further explored. 
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