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Abstract

This paper compares the results between numerical solution and COMSOL multiphysics.
In this problem we will calculate the stresses and compression in each section by two ways.
At the first way we use numerical method, and the second way we use COMSOL
multiphysics method. After that we will compare between them. To verify these results, if
the results are equal it will be satisfied, or the results have difference after that we will
describe the reasons in results and discussion section.
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1. INTRODUCTION

Solid mechanics is the study of the deformation and motion of solid materials under the
action of forces. It is one of the fundamental applied engineering sciences, in the sense that
it is used to describe, explain and predict many of the physical phenomena around us. It is
also the branch of physics and mathematics that concerns the behavior of solid matter
under external actions. It has been advanced by participating in major inventions
throughout history, such as buildings, ships, automobiles, railways, petroleum refineries,
engines, airplanes, nuclear reactors, composite materials, computers, and medical implants.
In such connections, the discipline is also known as engineering mechanics, often practiced
within civil engineering and mechanical engineering.

This paper includes an analytical study in terms of stresses and compressions and
mechanical properties and its impact on the rod. Stress is a quantity derived from force,
also known as the engineering science, the force acting per unit area. Also, in mechanics,
compression is the application of balanced inward (pushing) forces to different points on a
material or structure, that is, forces with no net sum or torque directed so as to reduce its
size in one or more directions due to increase in pressure from both sides or from one side.

2570


mailto:khsheba@gmail.com

Comparing Stresses and Compressions for Three Elements by Numerical Solution and COMSOL Multiphysics Results

2. Procedure for Paper Submission
Figure (1) that has three linear elements and we want to illustrate this figure. Here in this
problem we will find the stresses and compressions in each section.
The first section is from steel metal and it has length 16 (in) and its diameter is 3.19 (in),
the second section is from aluminum metal and it has length 16 (in) and its diameter is 2.76
(in), and the third section is from copper metal and it has length 16 (in) and its diameter
2.25 (in).
In addition, after we find the results in each section we will compare these results with the
result that we got from the COMSOL multiphysics.
Now we will start our steps to solve this problem with numerical solution and we will show
several laws to find solution:

[K{u®} = {f} + {Q°} —> (D)
In the equation (1) the matrix is called the coefficient matrix, or stiffness matrix in
structural mechanics applications. The column vector is the source vector, or force vector
in structural mechanics problems. As in the equation illustrated above, (uq, us, ...) and (fi,
...) called primary and secondary element nodal degrees of freedom; hence, it cannot be
solved without having an additional (n) conditions. Some of these are provided by the
boundary conditions and the remainder by balance of the secondary variables at nodes
common to several elements. And (u) is displacement in each section of the rod.
To find coefficient matrix in each section we use this following equation:

k=21 7] — @

Where:

A = area of section for the rod.

E = Young's modulus.

h = the length of section for the rod.

In this problem the assembly of three elements of equal length h; = h, = hz we use matrix
shape:

ki ki, 0 0 Ui P1

[k€]= k%1 k%z + kf1 kfz 0 Uz = P% + P%
0 k§1 k%z + kf1 ki?’z Us P% + pf
0 0 k3, k3, Uy p3

The boundary condition in the matrix above 1s U; = 0.0, because there is no displacement
at fixed point.

Next figure defines distribution of the forces in each member can be computed from the
element equations:
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Figure 1: Distribution of The Forces In Each Member
When we mentioned in equation (3) above that the boundary condition U; = 0.0, in this
case we should drop column and row after that the final matrix shape will be:

k%2+k%1 k%z 0 Uz P% + Pf
[K°] k%1 k%z"'k% kfz Us P% + Pf - 4)
0 k§1 k%z Uy P%

From this matrix above we can find displacement in each section of the rod (U,, Us, U,) by
calculation.
After that we can use this formula to find an elongation in each section:

5=

EA — )

Where:

0 = elongation in each section (in)

P = load in each section (Ib)

L = length in each section (in)

A = area in each section (in?)

3. Fixed Constraint and Boundary Condition

First of all we will start with fixed constraint in this problem using following equation:

U=0-» (6

Here consider fixed constraint in the bottom part of the element that means there is no
displacement in this case at point and also there is no deflection.
Secondly we will use following equation to find forces in each element:

G.H=FA
— (1)
Fiot
F, =
474

Here we will denote the boundary condition in each section of the rod. As known in the
first section the boundary condition equal zero, the boundary condition in the second
section is positive value because we have two forces effect in tension direction, in the third
section equal zero because there is no forces effect in this section, in the fourth section
equal negative value because there is force effect in compression direction.

4. Geometry and Computation Domain

Geometry in COMSOL multiphysics is considered an important part in the program and
create figure with its elements and dimensions. In this step we create geometry as shown in
the figure (2) and we will talk about how we draw each section with its dimensions. Now
we are going to draw all our elements:

In the first section, steel rod the height is 16 (in) and the width is 1.59 (in), and (r, z) are (0,
0). In the second section, aluminum rod the height is 16 (in) and the width is 1.38 (in), and
(r, z) are (0, 16). In the third section, copper rod the height is 16 (in) and the width is 1.125
(in), and (r, z) are (0, 32).
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Figure (2): the computational domain (the unit of dimensions is in)
Label: Rectangle 1

- Object Type

Type: | Solid -
- Size

Width: 1.59 in
Height: 16 in

- Position

Base: | Corner -

r 0 in

z: o in

167 =i
147

r=
o5 b s
figure (3): illustrates the create element by COMSOL metaphysics

In this stage, we will apply two kinds of meshes because the results will change with the
change in the meshes and we will take the closest result with the result that we got from
numerical result. After that we will choose this result and procedure comparison to
investigate from numerical stresses and compressions results.

First of all, we started with finer mesh Fig (4) and got these results for displacements and
stresses respectively (U; = 0, U, = 0.0002 in, Uz = -0.000333 in, U, = -0.000867 in) (ost

=-20.36pa, cal=-2.30pa, cco= -3.46pa)
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Secondly, we will use another kind of mesh and it will be extra coarse mesh Fig (5) after
we applied it we got these results for displacements and stresses respectively (U, =0, U, =
0.0002 in, Uz = -0.000333 in, U, = -0.000867 in) (ost = -120.50pa, cal= -2.36pa, cco= -
3.49pa).

All previous values were satisfied in finer and extra coarse mesh except principle stress in
steel section was not satisfied for two kinds of meshes. It is supposed to be a positive result
because of that the steel section is exposed to tension stress. Therefore, we will choose the
finer results because its results are the best.

¥ Mesh Settin 20& a
Rd )
Sequence type: 18 oy
| Physics-cor « | 167 Yt
- 5
Element size: 14 ’:"E
| Finer - 127 ia
107 pad
' 2
: X
6] 4]
a7 =D
S ! -
-5 0 S
Figure (4): results for displacements and stresses for finer mesh
-
¥ Mesh Settin 28~
26
Sequence type: 247
| Physics-cor ~ | 22_<
£l i 20
ement size: 1 8—1
| Extra coarse v | 167
147
127
107
8—1
61 0
-10 -5 0 5

Figure (5): results for displacements and stresses for extra coarse mesh

5. Results and Discussion

The results were performed in a two dimensional (2D) domain and the results will include
stresses and compressions. After procedure for stresses and compressions by COMSOL
multiphysics for this reason, we got our results for displacement in each section. The
displacement in steel element at length (16 in) approximately = 0.0002 in, the displacement
in aluminum element at length (32 in) approximately = -0.000333 in, the displacement in
copper element at length (48 in) approximately = -0.000867 in. As in figure (6) below:
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Line Graph: Displacement field, Z component (in) '
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Figure (6): illustrates distribution displacement in each section in Z axis.
We noticed the displacement increase from zero until 16 in because there is tension stress
here, while the displacement decrease from 16 in until 48 in because there is compression
stress here.
Now we will mention numerical solution for displacement values:
(U1 =0,U,=0.0002 in, Uz =-0.000333 in, U, = -0.000867 in)
Hence, we concluded that there is no difference between the numerical solution and the
COMSOL multiphysics result both of displacement results were satisfied for two ways.
Now we will talk about the principal stress for both of ways (COMSOL multiphysics and
numerical results). We had results of principal stresses for COMSOL metaphysics as
shown in figure (7) below. While we clicked on each section of the rod we found following
values as showing in the next table:

X y Value

0.58587 11.139 -261.36
0.37674 19.713 -2.3055E6
0.37674 36.861 -3.4679E6

Time=1.5 s . o
Surface: Third principal stress (N/m*)

T : T A 9.71x10°
4s |- N =10°
40 |- -

35 |- a o
A
30 |- . -1
25 |- -
= 2
20 |- y
15 |- - =2
10 |- . -4
s |- . S
0 L I -
-10 0 10 v -5,86%10°

Figure (7): principal stresses for COMSOL metaphysics
In this case when we clicked on the steel element the value for principal stress was -261.36
Pa, and when we clicked on the aluminum element the value for principal stress was -
2.3055 Pa and in the last element when we also clicked over it the value was -3.467 Pa. As
showing in the figure (8) below:

2575



Comparing Stresses and Compressions for Three Elements by Numerical Solution and COMSOL Multiphysics Results

Line Graph: Third principal stress (N/m?) (3
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Figure (8):Third principal stress (N/m?)
Now we will mention numerical solution for principal stresses after conversion of units
from (psi) to (Pascal) with multiply in this number (6894.7) after that the values will
become (ost=2.58x10%pa, cal =-2.29x10%pa, and occo=-3.44 x10°pa).
Hence, we concluded that there is no difference between the numerical solution and the
COMSOL multiphysics results at aluminum and copper elements, however, with steel
element the result for COMSOL multiphysics was difference value with numerical result.
Finally, we are going to explain why the result of the COMSOL has difference with the
result of numerical? Because it depends on the change of the mesh whenever, we change
another type of mesh the values for three elements will diverge. Hence, we found that the
best mesh is finer mesh for the result of COMSOL to be close from numerical result.
6. Conclusion
As we mentioned above our paper will solve a problem by two ways, numerical method
and COMSOL multiphysics method, and we solved that problem with both ways, after that
we made comparison between them.
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