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ABSTRACT 

Stress analysis using SolidWorks Simulation is a powerful tool for predicting the behaviour of components and structures under 

various loading conditions. The methodology involves creating a 3D model of the component, assigning material properties, 

defining boundary conditions, meshing, setting up the analysis, and analysing the results. SolidWorks Simulation includes a 

wide range of analysis types, such as static, dynamic, and thermal, and provides a comprehensive suite of tools to visualize and 

analyse the results. The paper focusses on performing Solidworks simulation studies and hence comparing the results with the 

hand calculated results. The paper is prepared based on the second-year diploma project, in which the students were taught the 

basics of stress analysis and use of Solidworks 2021 software for performing stress analysis on bars and beams subjected to axial, 

bending, torsion and combined loads. However, in this paper only bending related problem has been discussed. The concept of 

stress analysis was also taught to the students and hence an example related to stress concentration has also been discussed. The 

results of the comparison reveal that the percentage variation between the hand calculated, and simulation results is less than 

1%. 
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1. INTRODUCTION  
Stress analysis is an essential aspect of engineering design, as 

it helps ensure that the designed components can withstand the 

loads and stresses, they are subjected to in their operating 

environment. SolidWorks Simulation is a widely used 

computer-aided engineering (CAE) tool that enables engineers 

to simulate and analyse the behaviour of designs under various 

load and boundary conditions. By using SolidWorks 

Simulation, engineers can predict and optimize the performance 

of their designs, improve product quality, reduce development 

time, and minimize costs associated with physical testing. 

 

SolidWorks Simulation is a finite element analysis (FEA) 

software that uses the finite element method (FEM) to 

discretize complex models into smaller, more manageable 

elements. The software then solves the equations of motion and 

calculates the stresses, strains, and displacements of each 

element based on the applied loads and boundary conditions. 

The results of the analysis can then be used to evaluate the 

performance of the design and make any necessary 

modifications before physical prototyping. 

 

SolidWorks Simulation can perform a wide range of stress 

analyses, including static analysis, dynamic analysis, thermal 

analysis, and fatigue analysis. Static analysis is used to 

determine the stresses and deformations of a design under 

steady-state loads, while dynamic analysis is used to simulate 

the response of a design to time-varying loads. Thermal 

analysis is used to analyse the temperature distribution and heat 

transfer within a design, while fatigue analysis is used to predict 

the lifespan of a design under cyclic loading. 

 

The process of stress analysis using SolidWorks Simulation can 

be understood with the help of Fig.1 and is elaborated in the 

paragraphs to follow. 
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Fig. 1 The steps followed during stress analysis using SolidWorks Simulation 

 
Modelling: The first step is to create a 3D model of the design 

in SolidWorks. This can be done by either importing an existing 

CAD model or creating a new one from scratch. The model 

should be fully defined and include all necessary components, 

materials, and boundary conditions. 

 

Meshing: Once the model is complete, it needs to be meshed. 

Meshing involves dividing the model into smaller elements, 

each of which can be analysed individually. The mesh should 

be dense enough to capture the important features of the design 

but not so dense that the analysis becomes computationally 

expensive. 

 

Applying loads and boundary conditions: The next step is to 

apply the loads and boundary conditions to the model. Loads 

can include forces, pressures, and moments, while boundary 

conditions can include fixed or sliding supports, symmetry, or 

periodicity. 

 

Running the analysis: With the loads and boundary conditions 

defined, the analysis can be run. SolidWorks Simulation will 

solve the equations of motion and calculate the stresses, strains, 

and displacements of each element in the model. 

 

Interpreting the results: Once the analysis is complete, the 

results can be reviewed and interpreted. The engineer can use 

the results to evaluate the performance of the design and 

identify any areas of concern. If necessary, modifications can 

be made to the design, and the analysis can be rerun. 

 

To summarise, stress analysis using SolidWorks Simulation is 

a powerful tool that enables engineers to predict and optimize 

the performance of their designs. By simulating the behaviour 

of designs under various load and boundary conditions, 

engineers can identify and resolve potential issues before 

physical prototyping, reducing development time and costs. 

SolidWorks Simulation is a comprehensive FEA software that 

can perform a wide range of stress analyses, from static and 

dynamic to thermal and fatigue. With its intuitive interface and 

powerful features, SolidWorks Simulation is an indispensable 

tool for any engineer involved in product design and 

development.  

 

The present work explains how to use Solidworks software for 

performing stress analysis on elements subjected to bending 

and stress concentration. Solidworks 2021 has been used for 

performing simulation studies and also the results obtained 

from the simulation have been verified by hand calculations. 

 

2. Literature Review  

The use of computer-aided engineering (CAE) software for 

stress analysis has become increasingly common in recent 

years, with SolidWorks Simulation being one of the most 

widely used programs. SolidWorks Simulation is a finite 

element analysis (FEA) software that uses the finite element 

method (FEM) to simulate and analyse the behaviour of designs 

under various load and boundary conditions. In this literature 

review, we will explore the existing research on stress analysis 

using SolidWorks Simulation and its applications in various 

fields. 

 

One of the earliest studies on the use of SolidWorks Simulation 

for stress analysis was conducted by (Koirala et al., 2021) in 

their research on the deformation and stress analysis of a bridge 

structure. The authors used SolidWorks Simulation to model 

the bridge and performed static and dynamic analyses under 

various load and boundary conditions. They found that the 
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software provided accurate results and was able to predict the 

behaviour of the structure under different loading scenarios. 

 

In the field of aerospace engineering, SolidWorks Simulation 

has been used to analyse the stress and deformation of aircraft 

components. For example, (Grodzki & Le, n.d.) used 

SolidWorks Simulation to analyse the stress distribution and 

deformation of an unmanned aerial vehicle under different 

flight conditions. The authors found that the software was able 

to accurately predict the behaviour of the carbon fabric epoxy 

resin laminate and thus used in developing the wings of the 

aircraft. 

 

SolidWorks Simulation has also been used in the field of 

biomechanics to analyse the stress and strain on various parts 

of the human body. For example, (Dorji et al., 2019) used 

SolidWorks simulation and abacus to analyse  a new type of 

brace using three types of polymers. Stress, strain and the rate 

of displacement of the brace was analysed. In another work by 

(Landines Jiménez et al., 2019), simulation of forces using 

Solidworks program on human femur was performed. For 

performing simulation studies, the real values of mechanical 

properties of cortical bone were used. 

 

In the field of civil engineering, SolidWorks Simulation has 

been used to analyse the stress and deformation of various 

structures, such as buildings and bridges, infrastructure 

development, office stationeries and furniture’s. For example, 

(Ardita, 2018) used SolidWorks program for modelling and 

design optimisation of folding table. These types of table are 

extensively preferred in residential buildings that have space 

constraints.  

 

SolidWorks Simulation has also been used in the field of 

mechanical engineering to analyse the stress and deformation 

of various components, such as gears and bearings. (Kadhim 

Zarzoor et al., 2018) used SolidWorks Simulation to analyse the 

stress distribution and deformation of a spur gear under 

different load and boundary conditions. The authors found that 

the software was able to accurately predict the behaviour of the 

gear and identified areas where the design could be improved. 

 

In addition to its applications in various fields, SolidWorks 

Simulation has also been used in research on design by 

analysis(DBA) and design by formula(DBF). (Altinbalik & 

Kantur, 2020) used SolidWorks for modelling and analysis of a 

water storage tank. The results of the study indicated that the 

use of DBA is more effective than using DBF for reducing the 

cost of construction and materials by 50%. 

 

Overall, the existing research on stress analysis using 

SolidWorks Simulation demonstrates the software's accuracy 

and versatility in simulating and analysing the behaviour of 

designs under various load and boundary conditions. The 

software has been used in various fields, including aerospace 

engineering, biomechanics, civil engineering, and mechanical 

engineering, and has been applied to analyse the stress and 

deformation of various components, structures, and even the 

human body. In addition, SolidWorks Simulation has also been 

used in research on optimization techniques, allowing engineers 

to identify the optimal design for their application. 

 

3. METHODOLOGY 

The steps followed in the stress analysis using Solidworks 

simulation has been explained with the help of an example in 

this section. The results of the simulation has been compared 

with the hand calculation results, which has been discussed in 

the next section Also, an example related to analysing stress 

concentration in a plate with hole has been addressed in the 

results and discussions section. 

 

Example 1: Beam subjected to pure bending 

A short Cantilever beam of width 30 mm and depth 40 mm 

supports a load of 20 kN at a distance of 40 mm from the fixed 

end. Determine the maximum bending stress in the beam. 

  

Step 1: Open a new file. Step 2: Click on the part module → Ok. 

https://doi.org/10.36713/epra2013
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Step 3: Check the units for MMGS. Step 4: Choosing the right plan → 

Normal to. 

  

Step 5: Choose Sketch → Centre Rectangle → 

Smart Dimension → set the width to 30 mm and 

height to 40 mm. 

Step 7: Features → Extrude boss/base → set D1 = 

400 mm. 

 

  

Step 8: Simulation → New Study→ Static Analysis 

→ Ok (√). 

Step 9: Apply material → Chose Alloy Steel → 

Apply → Close. 

https://doi.org/10.36713/epra2013
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Step 10: Fixture Advisor → Fixed Geometry→ 

Select the end face to apply fixed geometry. 

Step 11: External loads Advisor → Force→ Select 

the top edge → edge <1>. 

  

Step 12: Force → selected direction → Edge <2>. Step 13: Force → 20e3 → check the reverse 

direction. 

 

Step 14: Run this study→Note the stress, strain and deformation values. 
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4. RESULTS AND DISCUSSIONS 
For the example problem solved in the methodology section, 

the results are verified with hand calculations as below: 

 

Since the example 1 problem is subjected to pure bending, the 

bending stress equation is given by Eq. 1 

σb= 
Mb

Z
     (1) 

 

Where σb= Bending stress, MPa 

Mb=Bending moment, N.mm  

Z=Sectional modulus, mm3 (refer Eq. 2) 

Mb=( Force × distance ) = 20×10
3
× 400=8×10

6
 N.mm  

 

For rectangle section, 𝑍 =  
𝑏ℎ2

6
  (2) 

 

 

Where b = width of the beam = 30 mm 

h = height of the beam = 40 mm 

 

∴ 𝑍 =  
30 × 402

6
= 8000 𝑚𝑚3 

∴  𝜎𝑏 =  
8 × 106

8000
= 1000𝑀𝑃𝑎  

% variation between the simulation results and hand 

calculations = 0.945% (generally, the acceptable range is taken 

as 5% and the results obtained are in the acceptable range. 

 

However, it is clearly evident from the simulation that beam 

fails. If we go back to the properties of a Plain carbon steel, its 

tensile strength is 339.826 MPa and yield strength is 220.594 

MPa as seen from the figure 2 and as we can see in step 14, 

extremely high stresses of 990.55 MPa is obtained, thus 

indicating the beam will break. 

 

Fig. 2 Material Properties table for plain carbon steel from Solidworks 

 
 

Example 2: Problem on Stress Concentration 

To find the maximum stress in the steel plate shown in the Fig. 

3, which is subjected to an axial load of 20 kN. The thickness  

 

 

and width are 10 mm and 100 mm, respectively. The plate has 

a central hole of 25 mm diameter. 

 

 

Fig. 3 A plate with a hole 

 

In order to solve the above problem, it is first necessary to under 

the meaning of “stress concentration”. Stress concentration is a 

phenomenon that occurs when a machine element has a 

localized area where stress is significantly higher than the 

average stress in the rest of the component. This can be caused 

by a geometric irregularity, such as a notch, a hole, or a sharp  

 

corner, or due to the sudden change in cross-section of the 

component. 

 

When a load is applied to a machine element, the stress is 

distributed throughout the material, and the maximum stress 

occurs at the point of maximum load. However, when there is a 

https://doi.org/10.36713/epra2013


                                                                                                                                                  ISSN (Online): 2455-3662 
EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
Volume: 9| Issue: 9| September 2023|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2023: 8.224 || ISI Value: 1.188 

 

 

2023 EPRA IJMR    |    http://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra2013-------------------------------------------------------------------------34 

 

stress concentration point, the stress at that point can be much 

higher than the average stress in the component, and this can 

lead to cracks and failure over time. 

 

Stress concentration is an important consideration in the design 

and analysis of machine components, as it can significantly 

affect their strength and durability. Designers and engineers 

must take into account the possibility of stress concentration in 

their designs and apply appropriate measures to mitigate its 

effects. This may involve minimizing sharp corners, using 

fillets or rounding edges, and avoiding abrupt changes in cross-

section. Additionally, materials with high strength and ductility 

can help reduce the effects of stress concentration.  

 

The effect of stress concentration in a machine element is 

described by a dimensionless factor known as stress 

concentration factor (kt). It is defined as the ratio of the 

maximum stress at the stress concentration point to the nominal 

stress in the component, which is the stress that would occur in 

the absence of the stress concentration. 

 

The stress concentration factor is used to calculate the actual 

stress at the stress concentration point, which is important in 

determining whether a machine component will fail due to 

stress. The higher the stress concentration factor, the greater the 

effect of stress concentration, and the more likely the 

component is to fail. 

 

∴kt=
Maximum stress(σmax)

Nominal stress(σo)
  (3) 

 

The value of kt can be obtained from the stress concentration 

charts. For the above example, the applicable stress 

concentration chart is shown in the fig. 4. 

 

Fig. 4 Stress concentration chart for a bar / plate in tension or compression with a transverse hole 

(Photo source: Shigley’s Mechanical Engineering Design 10th Edition)  

 
As per equation 3, to find the maximum stress the value of kt and nominal stress should be calculated, and these can be obtained 

from the chart shown in Fig. 4. 

Nominal stress, σo =
𝐹

𝐴
=

𝐹

(𝑤−𝑑)𝑡
=

20×103

(100−25)10
= 26.67 𝑀𝑃𝑎 

𝑑

𝑤
=

25

100
= 0.25 

∴  𝐾𝑡 = 2.4. 

Thus, as per Eq. 3, the maximum stress is 𝜎𝑚𝑎𝑥 = 𝜎𝑚𝑎𝑥 × 𝐾𝑡 = 26.67 × 2.4 = 64 𝑀𝑝𝑎 

 

Simulation Results 

The maximum stress obtained from the stress analysis using 

solidworks is very close to the hand calculation results and 

infact the percentage variation observed is only 0.15% and thus 

the results obtained are with the acceptable limit. Also, from  

 

Fig. 5 it is learnt that the plate will not fail under the loading 

condition as the maximum stress (63.9 MPa) is well below the 

yield strength (221 MPa) of the plain carbon steel (material 

assumed). 
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Fig. 5 Simulation result of a plate with a transverse hole subjected to axial loading. 

 
5. CONLUSIONS 

• SolidWorks Simulation's stress analysis is a valuable 

tool for predicting how components and structures will 

behave under different loading circumstances. 

• The paper discusses two examples, one on pure 

bending and another on stress concentration.  

o The results of the pure bending example have been 

verified with hand calculations, it is found that the 

percentage variation between the simulation 

results and hand calculations is only 0.945%. 

However, the simulation results show that the 

beam will fail due to extremely high stresses. 

o In the stress concentration example, the maximum 

stress obtained from the simulation is very close to 

the hand calculation results, and the percentage 

variation observed in this case is 0.15% only.  
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