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Fundamental Concepts in FEM
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# Numerical Method
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General Concept of CAE
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General Concept of CAE
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3C/3R (CAD/CAM/CAE, RE/RP/RT

Forward
Engineering

Production QA

ID : Industrial design
IMM : Injection mould machine PSM : Pressihg/shearing machine

QA : Quality assurance
Reverse

Engineering



General Concept of CAE

CAD\CAE\CAM

2D, 3D CAD

CAD - CAE
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ANSYS 5.6.2
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NODAL SOLUTION
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Biomechanical Analysis of Dental Implant
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Biomechanical Analysis of Dental Implant




CAE Application in Spine Biomechanics
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3-D
Automesh

FE model
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Density g/cm3

10.0543
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modeling for biological structure
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C.L. Lin, J.C. Wang¥*, S.T. Chen, “Evaluation of stress induced of implant type and number of

splinted teeth in different periodontal supported tooth-implant supported FPDs: a nonlinear finite
element analysis”, Journal of Periodontology, Vol. 81, pp.121-130, 2010.




FE Package - ANSYS

v RRZEFMEANBRITERNES
i ANSYS-Classical
i ANSYS WorkBench
» ANSYSE—EBFE(EZZFBE(general-purpose)BRITEZ D
EX RS

» ANSYSELBRITRZHMB/IAELLUSGZE - nhliseEEERT]
> 2.8 - BERBLRIERANESS(coupled
field) 35 -




FE Package - ANSYS

» ANSYS Classical 14 ZEXZE1EH 745 -
1. ANSYS Structural . ANSYS Multiphysics
2. ANSYS Mechanical . ANSYS LS-DYNA
3. ANSYS Professional . ANSYS ED
4. ANSYS FLOTRAN . ANSYS Educational

5. ANSYS Emag Products
10. ANSYS Design Space

 RREFMEENASEARITRZEANSYSTE LIE LAVER - &
B L [E #2712 (solid mechanics)BEARIER ST A E
v EBSFEREERSWT
1 Non-linear structural analysis
1 Sub-modeling analysis
i1 Element birth and dead

1 Hyperelasticity
i Contact
1 APDL
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Preferences ANSYS

Preprocessor
H Solution SEP 1l Z006
General Postproc 15:19:40
TimeHist Fostpro
Topological Opt
ROM Tool
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

2EINAE | SERRE

¢+ ANSYS 8.0 Output Window

ACTIVATING THE GRAPHICAL USER INTERFACE (GUI>.
the GUI panes
the GUI menubar
the GUI status
the GUI Graphics Context
the Application Context
the GUI toolbar
the GUI toolbar "ANSYE Standard Toolbar"
the GUI toolbar "ANSYE Main Menu'
the GUI toolbar "ANSYE Toolbar'"
the GUI toolbar "AMSYS Graphical Uieuw"

GUTTING PLANE SET TO THE WORKING PLANE
[Loading ANSYS Help System

flle lcome to ANSYS N\ AY o
O L0 157
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TURN OFF WORKING PLAME DISPLAY
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Fundamental Concepts in FEM
 ARTESTEEFMRE

BABRITR
IITEHEL

Pre-processing
B Solution

W Post-processing




Fundamental Concepts in FEM

u Pre-processing
1 Geometry
1 Mesh (Element type)
i1 Materials
i1 Boundary and loading conditions

» Solution

» Post-processing
1 Present the results by graphs...
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» TTRIFEHHIEN
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Fundamental Concepts in FEM

» FEM
1 A numerical method for solving P.D.E.
» Advantage
i Can handle
1 Arbitrary geometry & material complexity
1 Provide more detailed mechanical responses
i Becoming a powerful analytical tool

» Disadvantage
1 Require large amount of input data
1 Computation time




Fundamental Concepts in FEM

» The simulated analytical results could be
plausible and incredulous by
1 inaccurately geometry approximation
1 material distribution

1 uncertainty loading and boundary condition

» Pre-processing technique of FEM

i meshing procedure for bio-structures is still a big
obstacle especially in 3-D applications




General Concept of CAE
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Professional Knowledge

u Professional Knowledge (Physical Problem)
1 Structural Mechanics
i Thermal (Heat Transform)
1 Fluid Flow
1 Electro-magnetic, etc.
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Introduction of ANSYS

w EEDTERE

ANYE Maimn Menm

Preferences
Freprocessor
Solution
General Fostproc
TimeH1st Postpro
Topological Opt
ROM Tool
Design Opt

Frob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

Preferences for GUI Filtering

[EEY W][PMETH] Freferences for GUIT Filtering
Individual disciplineds) to show i the GTIT

Wote: If no individval disciplines ave selected they weill all show.

Dizcipling options

[ Stmchoral

| Thenmal
[ ANEYS Fluid
[ FLOTRAN CED

[ Magnetic-Nodal
I Magnetic-Ed ge
I High Frequency

[ Electric

(+ h-Method
" p-Method Stoct.
(" p-Method Electr.

Cancel
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ANEYS Mam Menu

Preferences
Preprocessor
Solution
General Postproc
TimeH1st Postpro
Topological Opt
ROM Tool
Design Opt
PFrob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

2

#E32(Postl)
# T2 (Post26)

B fE(E

/PREP7
B IR

/SOLU
HIRTE iR

/POST1
— AT

/POST26

| Time—History# ssema

LORT
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Pre-processing, solution and post-processing

ANSYE Multiphysics Utility Menn

File Zelect List Flot FPlotCtls WorkPlane Pavameters Macrd

D=asls & 2 E

ANSYSE Toolbar

SAYVE_DB| RESUM_DB| QUIT| POWRGREH|

ANEYE Main Menu

Preferences

e iopiocesor
Element Type
Real Constants
Material Props
Sections
MHodeling
Meshing
Checking Ctrls
Numbering Chils
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
Multi-field Set Up
Loads
Physics
Path Operations

Solution

General Postproc

TimeHist Postpro

Topological Opt

ROM Tool

Design Opt

Prob Design

Radiation Opt

Run-Time Stats

Session Editor

Finish

| Fick & menu item or enter an ANEYS Command (FREPT)

ANSYS Multiphysics Ttility Menn

File Belect List Plot PloiCtls WorkPlane Papameters Macro b

ANSYS Multiphysics Ttility Menu

File Select List Plot PlotCtls WorkPlane Papameters Macm  Me;

D= e o8z &

ANSYS Toolbar

SAYE_DE| RESUM_DE| QUIT| POWRGREH|

D|=lalsl sl & 7| E

ANSTRE Toolbar

ANEYS Main Mem ®|

Preferences
Preprocessor
lolution)
Analysizs Type
Define Loads
Load Step Opts
SE Management (CMS)
Results Tracking
Solve
Manual Rezoning
Multi-field Set Up
Diagnostics
Unabrid gzed Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt

Session Editor
Finish

|| 54vE_DB| RESUM_DB| QUIT| POWRGRPH|

ANEYS Main Menu

Preferences
Freprocessor
Solution
o
Data & File Opts
Results Summary
Read Results
Options for Outp
Results Fiewer
Load Case
Check Elem Shape
Write Resulis
ROM Operations
Fatigoe
Define/Modify
Manual Rezoning
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

Pick a menu item or enter an ANSYE Commend (SOLUTION)

| Pick & menv ftem or enter an ANSYS Command (POST1)
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THE3I - FIFHFRE 7t =6 85508

ANSYS Multiphysics Utility ANSYS Multiphysics Utility Menu [\ ABSYS Multiphysics Dtility Menn

File Zelect List Plot FPlotCtl: WorkPlae Parameters M

| File Select List Flat  PlotCh File 3elect List Plot PloiChl: W E = Qj @ 2 Tmombons .
Clear & Start Wew . l O Entities . : = = View Jeftings
Change Jobname ... @ Compomnent Manager .. ANSYE Toolbar .
Change Directory ... ' AN ComplAsmembly $AVE_DE| RESUM_DE] 33’1?“

- e AT ANSYS Main Menu Dokl

— Evervthing — Window CDntrculs

e Evervthing Below ‘ I Eraze Optinns

ARSI FERT : Solution iy
Anmotation

Save az Jobname db ——— General Postproc
TimeHist Postpro Device Options ...

Sa'-.-'.e R : Preprocesszor Topological Opt Redirect Plots
Write DB log file . Solution ROM Tool Haxd Copy

Design Opt
Read Input from ... General Postproc Prob Design Save Flot Cds .

Switch Dutput 1 TimeHist Postpro Radiation Opt Festore Plot Chrls ..

Topological Opt Run-Time Stats Reset Flot Ctrls
List ROM Tool D Sesson Editor Copn
iy Design Opt Write Metadile

ANSTS File Options ... Prob Design R ———
Radiation Opt Multi-Window Layout .
Run-Time Stats Best Cnality Tmage

Export .. Session Editor —

Report Generador .. Finizh

Eesuime Jobname.db ..
Eeswme from ..

Import

Euit ...
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E Preprocessor
Element Type
Real Constants

% Pre-processing Material Props

Sechons

i Element type = odcling
& 2D, 3D... Create

Operate

1 Real Constants Move / Modify
Copy

1 Material Props Reflect
Check Geom

i1 Modeling Delete

. . Cwclic Sector
+ Model generation techniques Genl plane strn

g Update Geom
1 Meshing Moshing
¢ Direct generation Checking Ctrls
¢ Solid modeling

Numbering Cirls
Archive Model
1 Other techniques
¢ Merge....

Coupling f Ceqn
FLOTEAN Set Up
F31 Set Up
MultiField Set Up
Loadsz

Physics

Path Operatons

HEHHEHEHEEHEHEEA
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» Element type definition

i The ANSYS element library contains more than 200 different
element types. Each element type has a unique number and a
prefix that identifies the element category: BEAM188,
PLANE183, SOLID186, etc.

2D Triangular Structural Solid 2D Structural Solid 3D Structural Solid
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» The element type determines, among other things:

i The degree-of-freedom set (which in turn implies the
discipline--structural, thermal, magnetic, electric,
quadrilateral, brick, etc.)

1 Whether the element lies in two-dimensional or three-
dimensional space.

1 Main Menu>Preprocessor>Element Type>Add/Edit/Delect
* ERITTRFERNG
o TR (FEBS FEES, BHES)
s TEFIEERRARS
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w Utility Menu

[

ANSYSE Multiphysics Thility Menn

Preferences
Preprocessor
Solution
General Postproc
TimeHist Postpro

u Help
# ANSYS Tutorials
i ANSYS Web-site
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» ANSYS EEEER

1 JOBNAME.DB (Binary)
¢+ Node, element, model.....
¢ Results...

i JOBNAME.RST or .THR or .RMG (Binary)
¢ Results

1 JOBNAME.ERR (ASCII)
¢ Error messages

1 JOBNAME.LOG(ASCII)
¢+ Commands
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u File (demo)

ANSYS Multiphysics Utility Menn

File Zelect Lixt Plot PlotCtl: WorkPlane Pagaometers Macro  MenuChl:  Help

DB log file ...

XXX.txt

Lmport
Export ...

Feport Fenerator ...

Exit ..
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» Plot, List (demo)

ANSYS Multiphwsics Thlity Menn

File Zelect List Plot PlotCtl: WorkPlane Parameters Macmo  MenuCtls  Help

Eeplat

Eevpoints
Lir

Multi-Flots

Components
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u PlotCtris (demo)

ANSYS Multiphysics Utility Menn

File #Eelect List Plot PlotCtls  WorkPlane Pagameters Macmo  MepoCitds  Help
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2D Plane problem

» Plane stress, plane strain, axisymmetric, plane
strs w/thk

» Plane stress

plane stress analysis
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v 2D Plane problem

» Plane strain

p,=F/(bL)

LTI i

Tt
'_'x Pa

real case plane strain analysis




2D Plane problem

» Anxisymmetric

T

v ! axis

real case axisymmetrical analysis
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ANSYS ®H¥ Mm% (PLANE182/183)

PLANE182

2-D Structural
Solid

(or Axial)

|
L' |
X {or Radial)

Elemant Coordinate

Systemn (shown for

KEYOPT (1)=1)
(Triangular Option-
not recommended)

BNFAEY ¢ 4

ENRAEHE -
UX,UY (u,v)

PLANE183

2-D 8-Node
Structural Solid

(or Axial)

T—» X {or Radial)

M d
Trangular Option

BNSAEY : 8

ENEREHE -
UX,UY (u,v)
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» Plane182/183

i Plane stress, plane strain,
1 Axisymmetric, Plane strs w/thk

-
PLANEAZ? element type ophons
Crptions for PLANEAZY, Element Type Eef. Mo, 1

Element coord system defined Kl Parall to global

Eutra displacement shapes  EZ Include

Element behawior |

Extra stress output KL

Exctra surface ontput Enf No extra output

Help |




Introduction of ANSYS

u The first case is called a “plane stress” case,
since




Introduction of ANSYS

% In the second case, if the cross-sections are
along the radial directions then it is called an
“axisymmetric” case

» In the third case, if the cross-sections are along
the thickness then it is called a “plane strain”
case, since

&= V2= V=0




Plane stress example: (Ex 2) (PLANE183)

Static Analysis of a Corner Bracket

This is a simple, single load step, structural static analysis of the
corner angle bracket shown below. The upper left-hand pin hole

is constrained (welded) around its entire circumference, and a
tapered pressure load is applied to the bottom of the lower
right-hand pin hole. The objective of the problem is to demonstrate
the typical ANSYS analysis procedure. The US Customary system

of units is used. ‘.mmmm i, i
1in radius i
Young's modulus : 30e6 psi
o 4in
Poisson’s ratio : 0.2/ etz )

Fieed pinholg 0 A e

tiameter @
Tapered presaure ogd ,j-
SO0 500 psi aporavimates

a 1301 ninload force e i
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STEP=1
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TIME=1
PowerGraphics
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Other plane stress example: (Ex 3)

m The bicycle wrench shown in figure is made of steel with a
modulus of elasticity E = 200 GPa and Poisson's ratio v= 0.32. The
wrench is 3 mm thick. Determine the von Mises stresses under the
given distributed load and boundary conditions. The following
steps demonstrate how to (1) create the geometry of the problem .
(2) choose the appropriate element type (3) apply boundary
condition.(4) obtain nodal results.

R=125cm

The sides of the middle
hexagon are 9 mm long.

-— 3 ocm——>

R s

| |
| The sides of the corner
| hexagons are 7 mm long.

Fixed all the way around
this hexagon.




Plane strain example: (Ex 4)(PLANE182)

u Stresses in a Long Cylinder

1 A long thick-walled cylinder (with inner radius = 4 in.
and outer radius = 8 in.) is initially subjected to an
constant pressure (of 30000 psi). The pressure is then
removed and the cylinder is subjected to a constant
rotation (60000 rpm) about its center line. Find the radial
displacement, radial stress, and hoop stress at the two
load steps. 30E6 v=0.3 Density=0.00073
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ww  Plane strain example: (Ex 4)

» Plane Strain Approach -- commands

/PBC, U,, ON

ESIZE, .25
S ' /PSF, PRES, NORM, 2
JTITLE, STRESSES IN A LON&PHK, 1
EPLOT
CYLINDER MSHA, 0, 2D
SOLVE

/UNITS, BIN AMESH, 1 (Mapping)
NROTAT, ALL

NSEL, S, LOC, X, 4
/PREP7 FINISH ot o

SF, ALL, PRES, 0
(delect)
ET, 1, PLANE182,,, 2 /SOLU ALLSEL
MP, EX, 1, 30E6 OMEGA,,, 1000 (rotation)
MP, DENS, 1, .00073 S, LoC, ¥, O SOLVE
MP, NUXY, 1, 0.3 NSEL, A, LOC, Y, 45 oInTSH
D, ALL, UY, O
CSYS, (Cylindrical) /POST1
K, 1, 4, 0 (r, degree) NSEL, S, LOC, X, 4

1
4
K, 2, 8, SF, ALL, PRES, 30000 gpn
4
8
1

PLDISP, 2

RSYS, 1 (Cylindrical)
PLNSOL, S, X

PLNSOL, S, Y

(Loading)
ALLSEL

4 ’

67




Plane strain example: (Ex 4)
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Plane strain example: (Ex 4)

» Radial Stress
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Plane strain example: (Ex 4)

» Hoop Stress
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