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Creating the areas
= Preferences
& Preprocessor
= Element Type
= Real Constants
= Material Props
= Sections
& Modeling
e Create
@ Keypoints
@ Lines
e Areas
@ Arbitrary
e Rectangle
7By 2 Corners
7By Centr & Cornr

[RECTNG] Create Rectangle by Dimensions

X1.X2 X-coordinates

Y1,Y2 Y-coordinates

@ Cirela

rlie Seiect LISt FIOT FIOILINS VVOrKrFiane rarameters nvacro wmenultrs Heip

D = & @ & & 7 H | B T
Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

Main Menu ® SR P 1t Numbering Controls
= Preferences '  AREAS [/PNUM] Plot Numbering Controls
& Preprocessor AREA NUM KP Keypoint numbers

@ Element Type IS (s nerbis

@ Real Constants
@ Material Props

AREA Area numbers

= Sections VOLU Volume numbers
& Modeling . NODE Node numbers off
& Create Elem / Attrib numbering TR
@ i
i Egypo nts TABN Teble Names off
s Lines
=) AreaS SVAL Numenc contour values Off
@ Arbitrary DOMA Domain numbers off
a8
Rectangle [/NUM] Numbering shown with Colors &
7 By 2 Corners | axiski
A By Centr & Cornr [/REPLOT] Replot upon OK/Apply? Replot
4By Dimensions
@ Circle Sancel
@ Polygon

A Area Fillet
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1anical Enterprise Utility Menu 3 YOU are screen snanng P e Ay 8 SI0p SN

act List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help
@| Files |
Status ’

5| IESTEIME _ Coordinates Only
Lines ... Coords +Attributes |}

nu Areas Hard Points
enc Volumes .

ce: Nodes ...

nen Elements ’

1C¢  Components

eric  picked Entities +
tior

felii Properties »
rea Loads >
aK( Results »
aLi
Other >
3 Alcas
@ Arbitrary

& Rectangle
7By 2 Corners
A Bv Centr & Cornr

We need to merge the keypoionts and after that the connecting lines will
also merge

ncident or Equivalently Defined Items

[NUMM Merge Coincident or Equivalently Defined ltems

Label Type of tem to be merge

TOLER Range of coincidence

GTOLER Solid model tolerance
ACTION Merge items or select?
+ Merge items
Select w/o merge

"
SWITCH Retain lowest/highest? LOWest number | I
i

oK Apply | Cancel Help

LIST ALL SELECTED KEYPOINTS. DSYS= O

NO. X,Y,Z LOCATION KESIZE NODE ELEM MAT REAL TYP
ESYS
1 000 000 0.00 0.00 0 00 00 O
2 100 0.00 0.00 0.00 0 00 0O O
3 100 1.00 0.00 0.00 0 00 0O O
4 000 100 0.00 o0.00 0 00 0O O
7 100 3.00 0.00 0.00 0 00 0O0O
8 0.00 3.00 0.00 0.00 0 00 0O O

Dividing the top line to 5 segments so we can apply the load on the first
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created segment from the left
@ Extrude
A Extend Line
& Booleans
@ Intersect
@ Add
@ Subtract
& Divide
7 Volume by Area
7 Volu by WrkPlane
7 Area by Volume
7 Area by Area
7 Area by Line
7 Area by WrkPlane
A Line by Volume
A Line by Area
A Line by Line
A Line by WrkPlane

ZLine into 2 Ln's
A |

ﬁ Divide Line into M Lines

[l (LDV] Divide Line into N Lines

NL1 Line to be divided
NDIV Mo. of lines to create 5|

KEEP Existing line will [Be modified

Boundary conditions
- We don't need to specify that the left edge is the axis of symmetry

- Fix the bottom line:

B Preferences -
& Preprocessor
@ Element Type
= Real Constants
@ Material Props
@ Sections
@ Modeling
@ Meshing [
@ Checking Ctris ‘
@ Numbering Ctris ||
- @ Archive Model ‘
@ Coupling / Cegn
e Loads
@ Analysis Type
& Define Loads
@ Settings
8 Apply
e Structural

& Displacement
Ao |

N NAn Araae

MES517 Page 3



& Analysis Type
e Define Loads
& Settings
e Apply
e Structural
@ Displacement
& Force/Moment

e Pressure
P10

| Bl Apply PRES on lines

[SFL] Apply PRES on lines as a

Constant value
I Constant value then

VALUE Load PRES value

If Constant value then
Optional PRES values at end ) of line
leave Blank for uniform PRES )

Value

oK Apply Cance Help
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Meshing

First thing, we define materia_lur}gnjvp.er for each area

@ Material Props

@ Sections

@ Modeling

& Meshing

& Mesh Attributes

B2 Default Attribs
2 All Keypoints
7 Picked KPs
B All Lines
7 Picked Lines
2 All Areas
7
@ All Volumes
7 Picked Volumes

@ Volume Brick Orient

2 MeshTool
@ Size Cntrls
& Mesher Obts

= | ﬂ Area Attributes

[AATT] Assign Attributes to Picked Areas

MAT Material number

REAL Real constant set number

[None defined

TYPE Element type number

[ pLaners

ESYS Element coordinate sys

SECT Elernent section

[Nene defined

oK Apply

List the areas

LIST ALL SELECTED AREAS.
NUMBER LOOP LINES

A

11 1 2 3 4 N/A
21 3 6 7 5 N/A

9 10 11 8
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REA
0.000
0.000

Help

ELEM SIZE #NODES #ELEM

0
0

0
0

1
2

0
0

1
1

0
0

MAT REAL TYP ESYS SECN
0
0



MeshTocl

Element Attribubes:

[Giobal =] se
— W Smat Size | '3
4 | 3
| Fine E Coarze !
Size Controls:
Global Set Clear
Areaz Set Clear
Lines Sat Clear
Copy Fip
Layer Set Clear
Feyptz Set Clear
Mesh Areas i |
Shape: © Tii @ Quad
* Free (" Mapped
Mezh Clear
Refine st [Elemerts ~]
Rafine
Close Help
Pick all areas:
Solution:
Main Menu
= Preferences
= Preprocessor
. SOLUTION OPTIOMS
= Solution
. PROBLEM DIMEMSIOMALITY. . . . . . . . . . . . . AXISYMMETRIC
= Analysis Typ| DEGREES OF FREEDOM. . . . . . iz~ vy
. AMALYSIS TYPE . . . . . . . . . ow o v .. STATIC (STEADY-STATE>
= Define Loads| cLoBaLLy assEmBLED mATRIZ | | . D . oD .ol SYNMETRIC
= Load Step Oy LOAD STEP olve Current Load Step
= SE Managem| pLoap STEP WUMBER. . . . . . . . . . . . ... _ )
TIME AT EMD OF THE LOaD STEP. . . . 1 0 1 I
= Results Tracl [LIMEAT END OF THE LOAD STEP. . . . . . . - | [SOLVE] Begin Solution of Current Load Step
STEP CHAMGE BOUNDARY COMDITIONS | . [ [ [

RY C
PRINT OUTPUT CONTROLE . . . . . . . . . . o
DATABASE OUTPUT CONTROLS. . . . . . . . . . .

= Solve
SCurrent L
BFromLS F
& Manual Rezol
= ADAMS Conn —
= Diagnostics } -
= lInahridnad Mann

Review the summary information in the lister
window (entitled "/STATUS Command"), then
press OK to start the solution.

Cancel Help

Postprocess:

& General Postproc
B Data & File Opts
B Results Summary
@ Read Results
@ Failure Criteria

z]Plot Results

& Deformed Shape
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Contour plots

Choose 1st principle stress from the list of nodal contour plot:
EIIC 2:ICL| L__lbl _f:IUl Y'IUl_\_./_lllb uulr\l’ldllc raiaieieis  wviavliv  wisiuvun  neiy

— &M Contour N
VEEEIEEE i
Item to be contoured
Toolbar

SAVE_DB | RESUM_DB| QUIT| POWRGRPH

olution Data

@ X-Component of stress
@ Y-Component of stress

: 2 @ Z-Component of stress
Main Menu = — @ XY Shear stress
S Preferences | — @ YZ Shear stress
@ Preprocessor 3 @ XZ Shear stress
@ Solution TIeE=1 L/ st Principal stress|
& General Postproc DX =. @ 2nd Principal stress
B Data & File Opts @ 3rd Principal stress
B Results Summary @ Stress intensity
@ Read Results @ von Mises stress
@ Failure Criteria i @ Plastic equivalent stress
& Plot Results ‘
B Deformed Shape
& Contour Plot Undisplaced shape key
[ ] D
mm)m Undisplaced shape key |Deformed shape only
2 Elem Table Scale Factor Auto Calculated

& Line Elem Res
@ Vector Plot Additional Options
@ Plot Path Item

@ Concrete Plot
m ThinEilm

MES517 Page 7

@

Min and max sigma_1 for the whole domain



Plotting the results for certain number of layers
Select -> entities ->

| S —

Elements -

|By Atributes =

* Material num
Elem type num
Real set num
Elem CS num
Section 1D num

Layer num
Min,Max.Inc
211,

* From Full
Reselect
Also Select
Unselect
Sele All | Invert
Sele None| Sele Belo
OK Apply
Plot Replot

Cancel Help |
-

]
h

Here the plot for the bottom layer

Specifying the range of contour plot:

PlotCtrls WorkPlane Parameters Macro MenuCtris Help

Pan Zoom Rotate ...
View Settings ’

Numbering ...
Symbols ...

Hidden Line Options ..

Size and Shape
Font Controls P

Window Controls Edge Options
Erase Options g Contours [ Uniform Contours ..
Graphs * Non-uniform Contours ...
Colors * Contour Style ...
Contour Labeling ...

Animate ’
Annotation v

Light Source
Device Options ... _g :
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Wil | FrovvRorrn
® BB Uniform Contours
- [/CONT] Uniform Contours
WN Window number
NCONT Number of contours
Contour intervals
Auto calculated
Freeze previous
@ User specified
User specified intervals
VMIN Min contour value
e VMAX Max contour value
VINC Contour value incr
[/REPLOT] Replot Upon OK/A
S
»
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Dentin-like palymer [E = 20 GPa 1T mm

T w eyl 0Ol
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Different methods have different forms of shape function (b.z Qp

RSN
gﬁdce&\ kel ¢ <X

Discontinuous Galerkin -> Different basis functions

FEM formulation in detail

Booln @\

1. Balance law

e Why start with a balance law?

e They are the actual physics laws.

e They contain more information than their corresponding PDEs.

o Larger solution space than the PDEs. C;l—f\ J_U‘NP (D/AHIN\
e Can we directly start the FE formulation from a PDE?

e Yes, FE formulation starts from a differential equation. /

o A PDE may not be derived from a balance law.

Balance of mass, force (linear momentum), energy, ...

[
P ¢ gx’ \@“c\/
fi=kir «f2 = kor \
B ~

———-)
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Types of forces: 1. Volumetric force
g__'_j
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