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Abstract. As a theoretical technical basic discipline, engineering mechanics is 

closely connected with engineering technology. Its theorems, laws and conclu-

sions are widely used in engineering technology in various industries, and they 

are indispensable technical basic courses for engineering majors. It not only 

plays a role in connecting the basic and future courses and professional courses, 

but also an important basis for solving practical engineering problems. By or-

ganically combining ABAQUS with engineering mechanics, students can better 

understand the theoretical knowledge and computational problems in the cur-

riculum. This teaching method concrezes the abstract mechanical problems, and 

through post-processing analysis, enables students to have a deeper understand-

ing and grasp of the relevant problems. This not only enhances the students' en-

thusiasm for learning, but also improves the interest and practicality of the 

course. 
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1 Introduction 

Engineering mechanics course is a required course for non-mechanical engineering 

majors such as electrical engineering, telecommunications, environment, chemical 

industry and big data, and it is an important basic engineering course. Learning engi-

neering mechanics courses helps to improve students' ability to analyze and solve 

problems [1]. At present, the teaching methods of colleges and universities focus too 

much on theoretical knowledge, and basically adopt multimedia teaching methods [2]. 

This way mainly focuses on formula derivation, theoretical indoctrination and exer-

cises, which makes the original abstract theory more difficult to understand, leading 

to students' loss of interest in the subject. In class, students often ignore thinking and 

only cram before the exam, and soon forget what they have learned after the exam, 

which has a negative impact on the following course learning. In addition, too much 

attention to grades and ignoring practical operation and knowledge expansion is not 

conducive to improving students' practical operation skills [3]. 

In view of these problems, this project plans to organically combine ABAQUS 

software with engineering machinery students, aiming to improve students' mechani-

cal quality and application and creative ability, and promote the integration of inter 
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disciplinary disciplines [4]. Because the finite element modeling is very vivid, stu-

dents can compare the finite element calculation results with the theoretical formula 

results [5]. In addition, because engineering mechanics is mainly rigid body calcula-

tion and small deformation calculation, it is not difficult to use finite element software 

to calculate, so it is easier for students to master finite element calculation software 

for numerical calculation after class. Through this method, students can not only bet-

ter understand the basic principles and concepts, but also enhance the ability to ana-

lyze and solve problems, stimulate their interest in learning, and further improve the 

efficiency of classroom teaching [6]. At the same time, cultivate students to explore 

the spirit of physical problems, stimulate their strong desire to solve problems. 

2 ABAQUS Overview of the software 

ABAQUS Is one of the world's most advanced large-scale general-purpose finite ele-

ment analysis software, with a rich material constitutive model and accessible devel-

opment platform. It is widely used in machinery manufacturing, petrochemical, aero-

space, automotive transportation, national defense, water conservancy and hydropow-

er, civil engineering, biological engineering, electronic engineering, energy, mining, 

shipbuilding and household appliances industry and scientific field [7]. ABAQUS It 

has an excellent reputation in technology, quality and reliability, and can analyze and 

calculate the complex linear and nonlinear problems of engineering. Since its entry 

into China, more and more enterprises, universities and research institutes have begun 

to use ABAQUS for product research and research [8]. The analysis process includes 

3 main steps: 

First, the pre-processing part includes creating a model, defining material proper-

ties, applying load, dividing grids and so on. 

Second, the simulation calculation uses ABAQUS / Standard or ABAQUS / Ex-

plicit to solve the numerical model defined in the input file, which usually runs in a 

later table mode [9]. 

Third, in the post-processing stage, the relevant data and images of displacement, 

stress, strain and so on, can be used to calculate and evaluate the calculation results, 

and to evaluate the visualization module of ABAQUS / CAE or other post-processing 

software in the graphical environment. Including color stress and strain contour map, 

animation demonstration, deformation map and X-Y curve map. This paper takes the 

bending deformation of pressing rod as an example, and introduces the role of applied 

ABAQUS in engineering mechanics analysis, to cultivate students' applied innovation 

ability and better adapt to the needs of society and enterprises. 

3 ABAQUS Teaching examples 

3.1 Modeling 

The pressing bar structure is shown in Figure 1 and table 1, the structural material is 

steel, using work-shaped section steel, the material parameters are: elastic modulus E 

Based on the Diversity Exploration of ABAQUS-Driven Engineering             243



=206 GPa, Poisson ratio ν =0.31, lower yield strength σs=296MPa, density ρ = 7800 

kg/m3, pressing bar length l=5m, Q235 steel λP=101, length coefficient μ = 2, pres-

sure FP = 200 kN. 

Table 1. I-beam cross-section dimension parameters 

Parameter Size (mm) 

Overall height 190 

Abdominal height 170 

Abdominal thickness 6 

Wing margin width 200 

Wing edge thickness 10 

 

Fig. 1. Schematic diagram of pressure rod force and cross-section dimension 

3.2 Apply the load 

In the Create Loads dialog box, we first need to select the "force" type in the category. 

Then, in the Type available for the selected analysis step list, we need to select Shell. 

Next, switch to the graphic window and select the edge of the work-shaped cross 

section as the target for the applied load. Continue to open the Edit Load dialog box 

and enter the load size of 200000N and set the orientation perpendicular to the cross 

section. After completing the above steps, we set the load. 

3.3 Grid division 

Meshing is a crucial step in engineering analysis that involves transforming the build-

ing model into a series of discrete entities. The precision and analysis time of this 

transformation process are directly influenced by the quality of the meshing. In order 

to ensure the accuracy and efficiency of the analysis, we used 3D four-junction sur-

face thin shell for mesh division, and sand glass control mechanism, selected finite 

membrane strain cell type. This division method ensures the accuracy and reliability 

of the analysis results, while optimizing the computational efficiency, As shown in 

Figure 2. 
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Fig. 2. Model grid division 

3.4 Network inspection 

To ensure the continuity of the solution process and the accuracy of the results, we 

must conduct a network inspection. In this process, focus on shape, size, and analyti-

cal inspection. Specific indicators include but are not limited to aspect ratio, average 

aspect ratio, worst aspect ratio and maximum side length, etc. The current number of 

explicit grid cells is 232000, and the analysis shows error 0 (0%) and warning 0 (0%). 

Therefore, the next step of analysis can be carried out smoothly. However, if an error 

or warning is found to be zero during the inspection, the grid should be redivided or 

local refinement adjusted. 

3.5 Operation analysis 

Solving the FFE model is an important engineering analysis task. In the ABAQUS 

software, model information can be input in the form of an INP file and then solved 

using ABAQUS Standard or ABAQUS Explicit. Create an INP file that contains all 

the instructions and data needed to build a finite element model. When writing INP 

files, grammar rules need to follow ABAQUS to ensure the accuracy and complete-

ness of model information. Open the Job module in the ABAQUS software and sub-

mit the INP file for analysis and calculation. In this module, you can interactively 

submit jobs, monitor the analysis process, and view the analysis results. Jobs can also 

be debugged and optimized to ensure the stability and accuracy of the solving pro-

cess. When the solution is complete, click the "Results" button to enter the visualiza-

tion module. In this module, visual images of the solution by viewing and analyzing 

the results. Observe the deformation, stress distribution and strain, and the results are 

analyzed and evaluated. 

3.6 Reprocessing analysis  

The post-processing system provides a graphical presentation of the FEM model as 

well as a graphical representation of the analytical results. The user can obtain details 

of the model and the results from the output data. To better present the results, the 
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post-processing uses the form of cloud maps or X-Y charts, whose result types in-

clude, but are not limited to, deformation, stress, strain, displacement, vector / tensor, 

material orientation, and animation. Taking the stress cloud map as an example (Fig-

ure 3), we can clearly see that the middle part of the I-beam bears the maximum 

stress, and the stress gradually decreases from the middle of the pressure bar to both 

ends of the winding bar. In the bending deformation vector diagram (Figure 4), we 

can determine the deformation displacement direction of the pressing bar by observ-

ing the color and direction of the arrow. In particular, in the middle of the pressure 

rod, the displacement reaches a maximum, which means that an elastic buckling de-

formation occurs at this site. 

 

Fig. 3. Cloud diagram of pressing lever bending stress 

 

Fig. 4. Vector diagram of pressure bar bending deformation 

3.7 Stress concentration problem 

Plate strip with a round hole or incision, when stretched in the local area near the 

round hole or incision, the stress will be quickly reduced and tend to be uniform. This 
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phenomenon of increasing stress concentration in local areas due to shape mutation is 

called stress concentration. In class, students feel that the phenomenon of stress con-

centration is more abstract and difficult to understand. The author instructs the stu-

dents to use ABAQUS software after class to calculate the drawing of the two ends of 

the strip with holes, and observe the change of the stress cloud map around the hole. 

The author instructs the students to use ABAQUS software after class to calculate the 

drawing of the two ends of the strip with holes, and observe the change of the stress 

cloud map around the hole. For example, consider a rectangular slat with 1 length 00 

mm, 10mm wide and 10 mm diameter hole of 2 mm in the middle of the slat, with a 

uniform distribution line load q=10000 N / m applied at both ends of the slat. The 

elastic modulus of aluminum alloy E = 69 GPa and Poisson ratio v=0.3. Due to the 

calculation model structure and the applied load symmetry, one half of the model was 

taken for calculation, and symmetric boundary conditions were applied on the pore-

containing side of the calculation model, as shown in Figure 5. Using the four-node 

bilinear plane strain quadrangle unit (CPE 4 R) simulation strip, when the number of 

grids N=20210, the calculation results converge. Figure 6 shows a diagram of the 

Mises stress cloud of the rectangular member. Through observation, the students can 

find that the stress on the black midline at the hole edge increases sharply; while the 

stress change is minimized at the side position of the member. Students can intuitively 

detect the stress concentration around the holes. In addition, the author also proposed 

that students can observe the influence range of the stress concentration phenomenon 

around the hole, which can also be easily learned by observing the finite element cal-

culation cloud map. Through the calculation by themselves, students understand the 

phenomenon of stress concentration and the scope of influence. 

 

Fig. 5. Model diagram of finite element calculation of hole-containing rectangular slab bars 

under tensile load 

 

Fig. 6. Cloud diagram of the Mises stress of the component subjected to tensile uniform load 
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3.8 The ison of theoretical calculation and model analysis 

When components or structure on several loads at the same time, if the effect of the 

load (binding force, internal force, stress, displacement) do not influence, the influ-

ence is negligible, then the total effect of the load alone of the effect, this is the super-

position principle, is in the important method of beam bending deformation. In teach-

ing, some students have questions about the bending deformation of the superposition 

method, and wonder whether the result of direct superposition is accurate. The author 

instructs the students to use ABAQUS software to calculate a finite element example 

of the bending deformation of the superposition principle, so as to intuitively under-

stand the bending deformation of the beam by the superposition principle. 

Determine the I steel cross section size, calculate the inertia distance IZ and cross 

section area A. 

Inertial distance: 

 𝐼𝑍 = 𝐼𝑍0 + 𝑎2A (1) 

Flexibility: 

 𝜆 =
𝜇𝑙

𝑖
 (2) 

Radius of inertia: 

 𝑖 = √
𝐼𝑧

𝐴
 (3) 

It is concluded that: IZ= 34889833mm4, A=5020mm2. Take flexibility λ=120>101 

(Q235 steel flexibility 𝜆𝑃). So the model is a large flexibility bar, and the Euler for-

mula is used to calculate the critical load. 

Euler's formula: 

 𝐹𝑃𝐶𝑟 = 𝜎𝑐𝑟 ∙ 𝐴 =
𝜋2𝐸

𝜆2
∙ 𝐴 (4) 

FPCr=708.77kN, FP=200kN, FPCr > FP. 

Therefore, theoretical calculations show that the rod undergo elastic flexion defor-

mation, which is consistent with the analysis results of ABAQUS model. 

After class, students can discuss the rationality of transforming the concept and 

formula into finite element calculation examples, the finite element calculation of 

ABAQUS software, course knowledge points and issues related to the course at any 

time, which can be fully discussed between teachers, students and students. If more 

students are confused, the teacher can send the ABAQUS calculation model to the 

wechat group, and explain to the students how to transform the corresponding concept 

or formula into the finite element calculation example, so that the students can under-

stand the concept or formula. 
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4 Analysis of teaching effect 

Compared with the traditional classroom teaching, ABAQUS software can assist stu-

dents in the "engineering mechanics after class" to make students intuitively under-

stand the theoretical formulas and concepts of the course. This teaching method can 

make students to rely more on themselves to solve the difficult problems, can improve 

students 'self-study ability, improve students' ability to transform theoretical formulas 

and concepts into practical examples, but also to improve students' practical ability. 

Through their own efforts, students solve the course problems and master the course 

knowledge, which also improves their confidence in learning. Therefore, ABAQUS 

software in the "engineering mechanics" after-class auxiliary teaching, combined with 

classroom teaching, can better make students master the course knowledge. In prac-

tice, we found that this teaching method is widely welcomed by the students. Com-

pared with the previous students, the students who used classroom teaching combined 

with ABAQUS software for after-school assisted teaching significantly improved the 

average score of the test, thus proving the effectiveness of this teaching method. 

5 Conclusions 

In the course of "engineering mechanics", the author guides the students to use 

ABAQUS software to assist the teaching practice. The students' general feedback can 

better understand the concepts and formulas in the course, broaden the way to learn 

this course well, and improve the course examination results. It can be seen that 

ABAQUS finite element model simulation analysis is used to expand the visibility, 

practicality and interest of engineering mechanics teaching. The buckling deformation 

of the model is calculated through pre-processing, solution analysis and post-

processing process, and the analysis results are animated to present the specific pro-

cess of bending deformation of the pressing rod. To effectively enhance students' 

interest in learning engineering mechanics theory and improve the learning atmos-

phere, which is higher than the actual mechanical derivation efficiency. In addition, 

this teaching method can improve students 'self-study ability, as well as students' 

practical ability. The teachers should find out the problems in and after class in time, 

put forward solutions to the problems and practice and explore, so as to ensure the 

teaching quality of the course, and provide many convenient conditions for the practi-

cal application and innovative design in the enterprise work in the later stage. 
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