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Abstract. Computer aided engineering analysis is commonly used to evaluate and improve the
performance and reliability of the products in today’s manufacturing industry. Computer aided
engineering analysis software use finite elements method in their solutions. The most significant
problem in practicing these analyses is to form the mesh structure properly. The aim of this study
is to research the effects of using surface and three-dimensional solid models in structural stress
analysis. In this context, the maximum deformation in a square beam subjected to bending was
calculated analytically and numerically. The solid model and surface model were created via
CATIA. These models were analyzed under the same conditions in the static analysis module via
ANSYS workbench. A difference of 1.32 % was detected between the numerical solution and the
numerical displacement value of the surface model, and a difference of 11.84 % was detected
between the numerical solution and the displacement value of the solid model. The difference
between the von mises stress values of both models is approximately 30 %. In the parametric
assessment conducted regarding the change in the mesh size, it was discovered that the results
were affected by the mesh size significantly, and the mesh size and stress increased by 1550 %
with the singularity problem in the solid model. In systems subjected to bending, using a shell
mesh with 6 degrees of freedom is more advantageous in terms of solution time, operational
capacity, stability and accuracy of the result.

Keywords: computer aided engineering, structural stress analysis, mesh production, bending
collapse.

1. Introduction

Computer aided engineering analysis software are actively used in order to develop and assess
the reliability and performance of the products in the manufacturing industry [1]. These systems
use the finite element (mesh) method in their solutions. In addition to many advantages of the
finite element method, the accurate creation of the mesh model is still a crucial problem. The
accuracy of the result directly depends on the suitability of the mesh model. Depending on the
geometry, the mesh model can be created as line, shell and solid. The solid mesh has 3 and the
shell mesh has 6 (UX, UY, UZ, ROTX, ROTY, ROTZ) degrees of freedom.

The biggest problem of the finite element method, which has been used for solving problems
since 1970s, is the accurate creation of the mesh network. There are quite many scientific studies
conducted on the completely automatic creation of the mesh structure and the definition of the
procedure [2,3]. Fenkli et al. [4] examined the mesh structure in the box beam-column
combination. They observed that the mesh technique used in analyses, where the section changed
and the parts with complicated geometries were assessed together, influenced the solution results.
In such cases, they concluded that it would be right if the mesh production is executed manually
and the decision on the size, form and intensity of the finite elements must be made by the
designer. Yamato et al. [5] used machine learning to optimize the necessary operational
parameters for mesh modification. They used HyperMesh of Altair Corporation which is a specific
mesh production software used in the CAE industry for mesh production. Tomac and Eller [6]:
The quality mesh structure was obtained with the comparison of the accurately calculated
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reference data through iterative solutions. Peeters et al. [7] researched the use of shell and solid
mesh in possible parts in their study conducted on the wind turbine blades. They concluded that
shell elements needed be used in possible parts. Pandya and Parey [8] touched upon the importance
of the mesh structure. They discovered that the accurate stress value will be obtained if the mesh
structure is formed in compliance with the geometry. Liu and Glass [9] stated in their study that
mesh intensity is closely related to obtaining the accurate stress result. They revealed that a
different mesh structure should be formed for different geometries, and the appropriate mesh
structure should be selected in the modal, static and impact test. Fogg et al. [10] conducted a study
to eliminate singularity, which is one of the biggest problems in mesh production. Singularity
leads to obtaining results much higher than the real stress value. Park and Oh [11] explained that
a shell element with 6 degrees of freedom should be used because solid elements in systems
subjected to bending do not have rotational freedom. Yang [12] stated that all the 2D element
types can be used independently or together with 3D element types in the modeling of 3D
structures.

In this study, the deformation in a beam system subjected to bending was approached
analytically and numerically. In this context, the beam system was defined. The system was solved
analytically, and the maximum displacement value was calculated. Models were designed via
CATIA. The models were imported to ANSYS workbench static analysis module. The necessary
loading and limit conditions were defined for the analysis. The analytical result was compared to
the numerical Ansys results. The change in the deformation, stress and skewness values depending
on the mesh size was investigated.

2. Material and methods

In this study, the 100 mm>100 mmx6 mm beam was used as the assessment sample. Profile
material is St37. The total lengthis 2 m. L =1 m, a = 0.5 m and w = 30 kN/m (Fig. 1).

T L
Fig. 1. Beam subjected to bending
2.1. Creation of the surface and solid models of the system

The solid model was created with CATIA part design and Assembly design modules
(Fig. 2(a)). The surface model was created via CATIA in Generative shape design module

(Fig. 2(b)).

a)

Fig. 2. a) Solid model assembly b) surface model
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2.2. Analytical solution of the system

The beam and its loading are symmetrical to the midpoint C and therefore the tangent at point
C is horizontal and it is used as the reference tangent. 8: angle, A: moment area, Yy: displacement,
6C = 0:

0=0c + 0g/c = Ok, (1)
YE:tE/C— tD/C' (2)

Slope of the beam at point E; (1st moment-area theorem):

wa? (L wa?L 1 (wa? wa3L
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2E1 \2 4F] 3\ 2EI 6E]

Using Eq. (1):
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Displacement in E; (2nd moment-area theorem):
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2.3. Structural analysis via ANSYS

CATIA models were separately imported to ANSYS static structural analysis module. The
same loading and limit conditions were defined (Fig. 3).

0,00 400,00 800,00 (mm) 0,00 450,00 900,00 {mm)
7

a) b) '
Fig. 3. a) 3D model static analysis definition b) 2D model static analysis definition
2.3.1. ANSYS solid model analysis

In Ansys solution of the solid model, the total deformation was found as 1.87 mm and the
maximum von Mises stress as 85.11 MPa (Fig. 4).
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Fig. 4. Solid model structural stress analysis results a) Total def., b) Von Mises stress

2.3.2. ANSYS surface model analysis

In Ansys solution of the surface model, the wall thickness of the surface was defined as 6 mm.
The 3D mesh structure is seen when the mesh structure of this system, which is imported as the
surface, is formed. For the surface model, the total deformation was found as 1.65 mm and the
maximum von Mises stress as 69.41 MPa (Fig. 5).
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a) b)
Fig. 5. Surface model structural stress analysis results a) Total def., b) Von Mises stress

3. Results and discussion

The solution of the problem related to the beam subjected to bending was achieved analytically
and numerically. The analytical and Ansys solution results of the maximum deformation are seen
in Table 1. There is a small difference as 1.32 % between the surface model and the analytical
solution. The difference is 11.84 % as a result of the analysis performed with the solid model
solution.

Table 1. Solution method and maximum displacement values

Solution method Analytical solution | Solid model solution | Surface model solution
Total deformation (mm) 1.672 1.87 1.65
Difference (%) - 11.84 1.32

Software related to finite elements determine a mesh size based on the system capacity and
geometry. This mesh value was decreased, and the change in the maximum stress, maximum
displacement values, skewness values and element numbers were examined parametrically. In two
analyses where shell and solid elements were used, the proportions of the deformation are close
and acceptable. The first mesh size in the solid model (Fig. 6) and the surface model (Fig. 7) was
the value defined by the software and the analysis was performed with 7 mesh sizes. The shell
mesh skewness value is appropriate for the mesh value defined by the software. The solution
where the skewness value was 0.5 for the solid mesh was found appropriate. The decrease in the
mesh size increased the maximum stress values by 1550 % in the solid model and by 210 % in the
surface model. The increase in the surface model is reasonable compared to the solid model. This
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increase in the stress results from the lined definition of the bearings and the occurrence of
singularity. The maximum stress values are not accurate. For the solid model, the minimum mesh
size that can be realized by computer is 3 mm (Fig. 6). As at least three elements must be available
in a section, the adequate mesh size could not be achieved for the solid model. For this reason, a
more capable processor is required.

Fig. 6 parametric solution took 28.06 mins for the solid model, and Fig. 7 parametric solution
took 16.32 mins for the surface model. Time is saved by 42 % with the usage of the shell model.

When subjected to bending, shell elements have the ability to rotate. Therefore, stress
concentration was much higher in the solid model.

Unfortunately for several systems, the solid model design is already available. Most of the
time, it may be necessary to create a surface model for the surface model analysis.

It was seen that solid elements in this solid element exhibited shear locking. It is thus
recommended that one should avoid using this type of element in bending applications analysis.
There was, however, no such shear locking with fully integrated shell solid elements [14, 15].

P6 - Bod P2-

2= ximum e Max Average [

Units mm LI mm MPa
DP O (Current) | 99,936 1,8451 57,984 0,87058 0,87058 0,87058 1212 276
DP 1 80 1,871 76,351 0,5 0,5 0,5 1632 216
P2 7 1,871 79,29 0,5 0,5 0,5 1856 248
E 50 1,8714 85,196 0,5 0,5 0,5 2360 320
P4 30 1,8772 117,36 0,6651 080527 | 0,73277 7016 1088
DP 5 10 1,8852 338,04 0,39038 0,74867 0,46337 53770 7600
DP 6 5 1,8868 572,22 0,011788 0,77431 | 0,12524 2,2399E+405 | 33200
oP7 3 1,8886 958,24 1,3057-10 | 0,037211 | 0,00768%4 | 9,4362E405 | 1,7101E4
Fig. 6. Parametric solution depending on the mesh size for the solid model
P& - Body FZ-
MName = Elsei;:ﬂt = Dz%nr;:?:!n s Eq;‘i; :;:nt v|| P I\qr;:‘esh A P::sh w7 P:v—e:ﬂ:gs? P:Ssh * | P7. =
Size Maximum Masimum Max Nodes
Units mm LI mm MPa

DP 0 (Current) | 32,275 1,6534 69,413 2,2978E-05 | 0,013445 | 0,0036382 758 756
DP 1 30 1,6538 71,177 0,00019678 0,014501 0,0021274 816 804
DP 2 25 1,67 82,83 1,3057E-10 0,012185 0,00075543 1296 1280
DR 3 20 1,6736 87,272 1,3057E-10 0,0035319 0,0003245 2020 2000
DP 4 15 1,6813 103,14 0,00030219 0,017121 0,005235 3752 3724
DP 5 10 1,6876 134,71 0,00025203 | 0,27836 0,0036476 8000 7961
DP & 5 1,6928 215,19 1,3057E-10 0,28758 0,0043245 31432 31356
DF 7 3 1,6945 283,89 9,3309E-07 0,029914 0,0021413 87252 87120

Fig. 7. Parametric solution depending on the mesh size for the surface model
4. Conclusions

This study presents (Figs. 6, 7) that if the mesh structure is not selected correctly, the values
that are far from the correct result will be obtained. The use of shell and solid elements exhibits
great differences in the creation of the mesh structure and the stability of the results. In analyses
with appropriate system geometries, it is advantageous to use shell mesh in terms of iterative mesh
operation and processor capacity.

In finite element analysis, shell elements provide effective solutions and reliable results. The
Shell mesh should be used especially when the size of an axis is less than 20 % compared to other
axes.

Mesh structuring is easier in the surface model.

The result is affected by the change in the mesh size much less than the solid model is, and it
is possible to analyze considerably thin surfaces with 2D model.

Almost 3 times more elements are needed in solid models for the same mesh size. Therefore,
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the need for the computer processor capacity is high.

It is advantageous to use shell mesh in terms of the processor need for big models.

Using shell elements decreases the solution period approximately by 40 %, which changes
depending on the model complexity.

Especially in systems subjected to bending, surface elements should be preferred due to their
6 degrees of freedom. The three-dimensional solid elements exhibit shear locking when subjected
to bending. The two-dimensional elements do not have such a shear locking problem.
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