Appendix

(Contributed by Mohd Hafif Basha)

Step by step method of using COMSOL simulation software.
Step 1 : select 3d in select space dimension

“K. Model Wizard [l Model Library & Material Browser| = O
Select Space Dimension s [ ]

®3D
() 2D axisymmetric
02D
() 1D axisymmetric
O1D
Oop

2. Select ‘structural mechanics > solid mechanics’ in add physics

5)(*X. Model Wizard [l Model Library & Material Browser

Add Physics e
» == Fluid Flow A
Heat Transfer
> @ Plasma

&) Radio Frequency

& Srucura Mechanics
%= Solid Mechanics (solid)
%= Thermal Stress (ts)
&1 Poroelasticity (poro)
(3 Shell (shell)
=, Electromechanics (emi)
St Beam (beam)
= Truss (truss)
== Joule Heating and Thermal Expansion (tem)

> %= Piezoresistivity v
i
Selected physics

== Solid Mechanics (solid)



3. Select ‘stationary’ in study type and click finish

4\ Model Wizard\\,ﬂ Model Library| & Material Browser| = =)
-|| Select Study Type & o o

Studies

4 Z2 Preset Studies
111 Eigenfrequency
Y Frequency Domain
[ Frequency-Domain Modal
|S Linear Buckling
|-k Prestressed Analysis, Eigenfrequency
[ Prestressed Analysis, Frequency Domain
|7 Stationary
2, Time Depen&nt

. Time-Nenendent Madal

4. Geometry of ‘block’ is built with the following dimension

IT Model Builder = 0/(@ Block [l Model Library| # Material Browser| =0)
& ='T EtE 1 Build Selected 7] Build All
w .
4 test1.mph (roc?t)' ' oot Type A
£ Global Definitions
4 @ Model 1 (mod1) Type: | Solid v|
» = Definitions -
+ A Geometry 1 v Size and Shape
Block 1 (bik1) Width: | 0.025 m
# Form Union (fin) Depth: | 0.073 m
» & Materials
» % Solid Mechanics (solid) Height: | 0.152 m
& Mesh 1 ~ Position

5. The material properties is set




T Model Builder

| (€ Material

e o E'F EE

I Model Library| # Material Browser|

4 V3 test1.mph (root)
‘£ Global Definitions
4 U Model 1 (mod1)
» = Definitions
4 A\ Geometry 1
© Block 1 (blkT1)
#| Form Union (fin)
4 & Materials
. Materal T )
» %= Solid Mechanics (solid)
5 Mesh 1
1 &2 Study 1
4 15 Results
i Data Sets
2% Derived Values
» B Tables
4 [ Stress (solid)
» [ Surface 1
@ Export
E Reports

6. Fixed constraint is set

' Geometric Entity Selection

Geometric entity level: |Domain

Selection: |AII domains
1
'» Override |
'» Material Properties '
'~ Material Contents |
Property Na.. Value Unit Prog
+ Young's modulus E 2761.. Pa Basi
v Poisson’s ratio nu 0499.. 1 Basi
v Density rho 1100 kg/.. Basi

17 Model Builder = 8| Fixed Constrain

€2 BT EE

I Model Library| # Material Browse| ~ O|[ch Graphics

Axvcaviaam @@ bkl eooEe |

=8

¥ test1.mph (root) * || Boundary Selection

‘£ Global Definitions
¥ Model 1 (mod1)
= Definitions
A Geometry 1
© Block 1 (blk1)
Form Union (fin)
& Materials

Selection: lManuaI

=0 0

& Material 1 (mat1)

=1+ | <

%5 Solid Mechanics (solid)

'» Override and Contribution

2 Linear Elastic Material 1
I8 Free 1
£ Initial Values 1
@ Fixed Constraint 1
s Boundary Load 1
Mesh 1

% Study 1

Results

i Data Sets

'» Equation




7. Boundary load is set

‘IT Model Builder

= 8)(@ Load [l Model Library| # Material Browser| = O|[cb Graphics =g
¢ o= E Qxeccaviaaq & @ Lkl ao
4 V3 testl.mph (root) A~ 2
‘E Global Definitions Selection:  Manual v|
4 ¥ Model 1 (mod1) 3 % 4+
v = Definitions F =
4 A Geometry 1 oA
© Block 1 (blk1) &
Form Union (fin) '
4 & Materials
» # Material 1 (mat1) ", Override and Contribution
4 55 Solid Mechanics (solid)
£ Linear Elastic Material 1 » Equation
& Free 1 ~ Coordinate System Selection [
2 Initial Values 1
 Fixed Constraint 1 Coordinate system:
|Global coordinate system v/
Mesh 1 .
» 7 Study 1 SAEOLCE]
4 5 Results Load type:
Data Sets [Total force vl
24 Derived Values 1 M %= Progress| (] Log| ] Results|
» B4 Tables Total force: A
4 @ Stress (solid) 0 x COMSOL 43.0.151 ~
v [ Surface 1 Feot | 0 N Opened file: test1.mph ©
B Export v -26 z vl < >
8. Meshing is set to normal
‘IT Model Builder = O)(& Mesh [l Model Library| € Material Browser| = O)(¢b Graphics = 8]
© =T EE 17 Build All Qxeca~rlead @ irbikizacc@ea|
4 tgsﬂ.mph (mor)_ ) All Mesh Settings
'E Global Definitions
4 U Model 1 (mod1) Sequence type:
= Definitions |Physi(s-conn'olled mesh
“A Geometry 1 Element size:
© Block 1 (blk1)
|Nom|a|

orm Union (fin)
4 @ Materials
- & Material 1 (mat1)
4 %= Solid Mechanics (solid)
2 Linear Elastic Material 1
s Free 1
£ Initial Values 1
@ Fixed Constraint 1
s Boundary Load 1
Swen
» ¥ Study 1
4 i Results
i Data Sets

9. Compute

Form Union (fin) I-“
4 ®Matd = Compute 8
* ®M & Update Solution 5
4 %= Solig ,, =
L i Parametric Sweep
»
% F Study Steps
®5n [ Show Default Solver
@ Fii & Rename [
= B Properties
5 Mes =
N @ @ Dynamic Help F
4 [ Results

25 Derived Values
v BB Tahlas




10. Result is shown as Z- component displacement field

) Surface [l Model Library | & Material Browser|
»# Plot

~ Data

Data set:

~ Expression L
Expression:
w
Unit:
m
[] Description:

Displacement field, Z component

Parameters

From parent v

Name Value Description
> | solid.refp.. 0
solid.refp.. 0

solid.refp.. 0

Reference point for mome...
Reference point for mome...
Reference point for mome...

b Graphics
Q QR vyl |[Fo| m
Surface: Displacement field, Z component (m)
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