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Abstract

With the rise of the metaverse concept, the application of virtual simulation experimental teaching
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in the education field has gradually become an important direction for the innovation and reform
of experimental teaching. Virtual simulation experimental teaching based on physical algorithms is
one of the important ways to apply metaverse technology in the education field. However, tradi-
tional theoretical teaching and real experiments have the problem of insufficient intuitiveness in
demonstrating the evolution of material micro-structure. Existing virtual simulation experiments
also have problems such as inaccurate data feedback, limited adjustable range of experimental pa-
rameters, and difficulty in effectively associating material micro-structure with macro-properties,
which to some extent restricts the cultivation of micro-thinking and scientific literacy of students.
This study follows the principles of “combining teaching and research” and “promoting the real by
the virtual”, taking physical algorithms as the technical core and micro-structure visualization as
the means of realization. It has developed a set of teaching software that can reliably simulate the
micro-structure evolution process, with adjustable parameters, reliable results, strong experimental
condition extrapolation, and the ability to predict material macro-properties. It has also constructed
a simulation teaching concept that matches it. This teaching method can effectively deepen under-
standing of the correspondence between material micro-structure and macro-properties, cultivate
creative thinking and theoretical scientific literacy, and provide new ideas and methods for explor-
ing the practice and theory of virtual simulation experimental teaching based on physical algo-
rithms.
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Figure 1. Tensile properties of nano-copper polycrystals structure studied
by molecular dynamics method [13]
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Figure 2. Phase transformation behavior of titanium metal (0001) during ten-
sile process [14]
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Figure 3. Structural deformation mechanism of graphene sheets during tensile process [15]
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Figure 4. Tensile curves of copper simulated by molecular dynamics
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Figure 5. Statistical chart of microstructural changes in copper dur-

ing tensile process
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Figure 6. Microstructural changes of copper during 1K tensile process. Grey represents
Other structures, green represents FCC structures, red represents HCP structures, and
blue represents BCC structures
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Figure 7. Interface of instrument simulation and operational process simulation
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Figure 9. Relationship between hardness and indenter depth
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Figure 10. Virtual simulation experimental apparatus
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Figure 11. Settings of coating parameters
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Figure 12. Microscopic display animation of vacuum
coating vapor deposition process
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Figure 13. Particle deposition process based on monte
Carlo algorithm
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Figure 14. Three-dimensional display of simulation
results with Nurbs surface
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