Mechatronics Department
Intro to Nano-Mechatronics (MCT321)

Labl

Problem 1
Calculate the spring stiffness (K) and the maximum stress in the NbEBES cantilever shown below.
Verify your calculations using ANSYS.

6 um F
A ke
A
18 um ~ h
v
< >
L = beam length = 300 um L

h = beam height = 6um
b = beam width = 2um
E =160 GPa
p=203
F=192x10"°N

Solution:

Create area

/ Input material constants /

FE discretization of area

/ Input boundary conditions /

Solution

/ Graphical display of results /

END
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1 START:

1- Open ANSYS APDL Launcher (Figure 1).

2- In the license drop down menu, choodd b { , { aSOKIF yA Ol f ¢

3- In the file management area select where you want to save the project files and set the
project/job name.

4- Press (Run).

A 14.5: ANSYS Mechanical APDL Product Launcher [Profile: *** Last ANSYS Run ***] Hostname: A27am — O

File Profiles Options Tools Links Help

Simulation Environment: Add-on Modules

ANSYS
m LS-DYNA (-DYN)
License:

ANSYS DesignXplorer (-DVT)
ANSYS Mechanical

File Customization/ High Performance
Management Preferences Computing Setup

Working Directory. |D:\Ansys Files\Cantilever Beem ‘ Browse...

Job Name 2D_Cantilever Browse...

Product Help

Fig.1: ANSYS APDL Launcher
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1 CREATE AREA:

91 Creation of a cantileveshape to analyze
1. From Main Menu> Preprocessot> Modeling-> Create> Areas> Rectangle> By

Dimensions.
A ANSYS Mechanical Utility Menu (2D_Cantilever) - - 5IEE
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help
D = | A 8 & 7 = -| | =] =
Toolbar ®|

SAVE_DB| RESUM_DB | QUIT | POWRGRPH
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Main Menu ®
Preferences =
& Preprocessor
@ Element Type
@ Real Constants
@ Material Props
@ Sections
e Modeling
B Create
Keypoints
@ Lines
e Areas o
Arbitrary
8 Rectangle
A By 2 Corners
A By Centr & Cornr
=)
& Circle
& Polygon
A Area Fillet
Volumes
= Nodes
Elements
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Pick a menu item or enter a command (PREP7) mat=1 type=1 real=1 csys=0 secn=1
2. Enter the dimensions darea ) as shown in the figure below.

N Create Rectangle by Dimensions

[RECTNG] Create Rectangle by Dimensions

X1,%2 X-coordinates 0 6e-006

¥1,¥2 Y-coordinates | -9e-006 | | 9e-

oK Apply Cancel Help
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The output will be like this:

3. Use the same commands as (1), to draw (area 2). In the rectangle dimensions enter the
dimension of area 2 with respect to the origin.

7)Y Create Rectangle by Dimensions
[RECTNG] Create Rectangle by Dimensions

X1,X2 X-coordinates

¥1,¥2 Y-coordinates

oK Apply Cancel Help ‘

Then, the output should be like this:

1
AREAS

TYFE NUM
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together. So we need to glue tho areas to be one body.
a. From Main Menu> Preprocessot>Modeling-> Operate-> 9o € Unpick
Booleans> Glue-> Areas. @ single (" Box
b. A window calledslue Areasappears. € Polygomn (* Circle
c. Select the two areas and press OK. { Zoce
5. Now Ansys can analyze them as one area, the next step is to defineth counz = o
elements. Mawimum o = 2
Minismum = 2
Area No. =

(¢ List of Items

(" Min, Max, Inc

OK | Apply |

Reset | Cancel |

Pick All | Help |

1 INPUT OF BELASTIC PROPERTIES OFATHRIAL

1. From Main Menu> Preprocessot>Material Props> Material ModelsA window calledefine
Material Model Behavioropens.

2. InMaterial Models AvailableselectStructural-> Linear-> Isotropic. And Input the value of
2dzy3Qa Y2RdA dZAXIMmP@Tvm 2 BIARY QAYRI 0A23 ndod

A Define Material Model Behavior ad -0
B e oE A Linear Isotropic Properties for Material Number 1 “
Material Models Defined Material Models Available
I:AMaterial Model Number @ Favorites - Linear Isotropic Material Properties for Material Number 1
& Structural
& Linear T
8 Elastic Temperatures [0
& sotropic EX
¢ Orthotropic PRXY 0.3
@ Anisotropic
@ Nonlinear
? Density . Add Temperature | Delete Temperature ‘ Graph
= @ Thermal Expansion [=]
‘ | = 1| | ok | comcel | Hep |

3. InMaterial Models AvailableselectDensity, and enter the Silicon density 2330 Kg/m

N Density for Material Number 1 n
Density for Material Number 1

T1

Temperatures
DENS 2330

Add Temperature ‘ Delete Temperature | Graph

0k | Cowel | Hew |
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1 FINITEELEMENT DISCRETIZATION OFRARHA

1. Selection of the element type

ANSY #ain MenulhPreprocessofhElement Typd bhAdd/ Edit/Delete
a. ClickAddbutton to open theLibrary of Element Typewindow and select the
element type to use.

AN Library of Element Types
Library of Element Types Structural Mass A | |Quad 4 node 182 A~
Link & node 183
Beam Brick 8 node 185
Pipe 20node 186
I || concess .
Shell
Solid-Shell v l 8 node 183

Element type reference number
oK | Apply | Cancel | Help |

b. Then clickOptionsbutton in theElement Types windowo open thePLANE183
element typeoptions window as depicted below. Sel&dane strs w/thkitem in
the Element behavior box and cli€button to return to theElement Types
window. ClickClosebutton to close the window.

A Element Types

Defined Element Types:

ype 1 PLANE182
N PLANE182 element type options n—
Options for PLANE182, Element Type Ref. No. 1 7
Element technology K1 ]Full Integration :]
Element behavior K3 lPIane strs w/thk LI
Element formulation K6 lPure displacemnt ll

(NOTE: Mixed formulation is not valid with plane stress)

Cancel Help |

OK
Add... Options... Delete
Close Help
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2. Input of the element thickness
ANSY#ain MenulhPreprocessoibReal Constant§bAdd/Edit/Delete
a. ClickAddthen select the element type and cli€K

b. Ly Ldzi | LX I GS % K55 Thick®ss boaddElickDKibdtiorF. M n
N Real Constant Set Number 1, for PLANE182

Element Type Reference No, 1
Real Constant Set No. K

Real Constant for Plane Stress with Thickness (KEYOPT(3)=3)
Thickness THK | 2e-006

0K Apply Cancel Help

MeshTool

T MESHING:
ANSY #ain MenulhPreprocessofbMeshinggMesh tools

Element Attributes:

. Global hd Set
1. Set theElement Attributesto be Global

2. Check thesSmart Size&heck box and select how fine or coarse you need y¢| ¥ Smatsie
elements to be from 1 (fine) to 10 (coarse). sl -

Fine 3 Coarse
3. ClickMesh, A window called/iesh Areaswill open.

4. Select area 1 and area 2 then ci@K siee Controls
Global Set Clear
The meshing output should be like the figure below. Areas et | Clear
Lines Set Clear
Mesh Areas
C Fl
ELEMERTS (¢ pick (" Unpick ﬂ ﬂ
_ Layer Set Clear
(* single (" Box
" Balygoe | o1 Keypts Set @
(" Loop
Count = 0 Mesh ‘ Areas -]
Maximum = 2 Shape: " Tii * Quad
ST & 4 ® Free  Mapped©
Area No. =
or 4 zsided
+ List of Items

(" Min, Max, Inc Clear

Refine at: | Elements -
oK Apply ‘
Reset | Cancel |
ey 211 | - | Close Help
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1 INPUT OF BAINDARY CONDITIONS

1. Display Nodeto inforce boundary conditions on nodes.
ANSY 8ltility Menu pPlot ThNodes

2. Definethe fixed points.
ANSY $ain Menu MySolutionMDefine Load$hApply MhStructural lhDisplacementhOn
Nodes

3. InApply U,ROT on Nodeselect box selection and then select tleé mostnodes, and clicloK

A ANSYS Mechanical Utility Menu (2D_Cantilever) - .

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

MIEEEIEER: || & 3

Toolbar ®

SAVE_DB| RESUM_DB | QUIT | POWRGRPH

Main Menu

nces
.essor

1
rsis Type

e Loads

ttinas

[ Apply U.ROT on Nodes

jonents

[IL, - ———..es for displacement constraints [mat=1 type=1 real=1 csys=0 secn=1 |

4. A window calledApply U,ROT oiNodesopens, selecALL DOFand set theDisplacement Value

to 0.
The output will be like the figure below. L onEs
N Apply U,ROT on Nodes
[D] Apply Displacements (U,ROT) on Nodes
Lab2 DOFs to be constrained
UX
uy
VELX
VELY
Apply as ‘Ccn;tant value j
If Constant value then:
VALUE Displacement value

0K Apply Cancel | Help |
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5. Definethe point force actingat the end of the cantilever.
ANSY #ain Menu MSolutionDefine Load$bApply MStructuralMhForcé MomentHOn
Nodes

6. InApply F/M on Nodeselect theupperright most node, and clicK.

7. A window calledhpply F/M on Nodeopens, select the direction of ford¢e€yin Y-direction and
set the value of the force td.92e6 (N).

The output should be like the figure below.



