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Axial forces:

Main Menu

Preferences

Preprocessor

Solution

General Postproc

Data & File Opts

Results Summary

Read Results

Failure Criteria

Plot Results

B List Results
Detailed Summary
Iteration Summry
Percent Error
Sorted Listing
Nodal Solution

Element Solutiol

2 NODES= 2
A= 1.0000

STRESS=-0.71429

ltem to be listed

Creep Strain

Thermal Strain

@ Swelling strain

Energy

Error Estimation

Failure Criteria

Structural Forces

Structural Moments

i@ All Available force items

Geometry

¢ Line Element Results
P

i@ Bodv Temperatures
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Second example related to the first term project: \Q,’S
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How to merge duplicate keypoints?

For merging key points
B Preprocessor E] _ _____ _
Element Type /\ Merge Coincident or Ec [—)

Real Constants
. [NUMMRG] Merge Coincident or Equivalently Defined Items
Material Props

Sections Label Type of item to be merge |Keypoints j

Modeling TOLER Range of coincidence

Meshing GTOLER Solid model tolerance
Checking Ctris
2 Numbering Ctrls ACTION Merge items or select?
'h 5 & Merge items

Compress Numb
Set Start Numbel
Reset Start Num SWITCH Retain lowest/highest? LOWest number -
Start Num Status
Add Num Offset

Element Reorder
Archive Model L M Cancel | (T |

Coupling/Ceqn  —
Multi-field Set Up

" Select w/o merge

To divide the top line

T ERAGHIM LIIT |
3 Booleans
Intersect
Add
Subtract
B Divide
A Volume by Area Div Line into N Lines
# Volu by WrkPlane
# Area by Volume
Z Area by Area
2 Area by Line
2 Area by WrkPlane
& Line by Volume
A Line by Area
A Line by Line
& Line by WrkPlane
A Lineinto2Ln's

* pick " Unpick

=
|
-

Count
Maximmm
Minimum

Line No.

A Lines w/ Options ¥ List of Items
With Options O Min Max Ine
Glue ’ ’
Overlap —
Partition
Settinas -
I

OE | Epply |

Always apply loads (BCs) to geometry rather than directly applying them to elements and
nodes of finite element mesh.
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Applying fixed BC on the botltom line

B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling/ Cegn
Multi-field Set Up
B Loads

Analysis Type
B Define Loads
Settings
= Apply
B Structural
B Displacement
A
& 0n Areas

2 0n Keypoint

Pressure on the top line

| amaens

LINES

LINE NUM

Main Menu

Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Cegn
Multi-field Set Up
B Loads
Analysis Type
B Define Loads
Settings
= Apply
B Structural
Displacement
Force/Moment
B Pressure
P2
2 0n Areas
& 0n Nodes
#0n Node Co
2 0n Elements
& On Element

From Fluid A
A n Reaame

LINES

LINE NUM

* pick " Unpick

* pick ™ Unpick

¥ Single { Box

" Dolygon (™ Circle
" Loop

Count = 1
Maximm = 10
Minimum =
Line No. = 1

{* List of Items

{" Min, Max, Inc

|

OK hpply
Reset Cancel
Pick A1l Help

il

{* Single ™ Box

" Polygen (™ cirele
" Loop

Count
Maximim
Minimum =

Line No. =

* List of Items

(" Min, Max, Inc

OE Apply
Reset Cancel
Pick A1l Help

Assigning material numbers to surfaces A and B (bottom and top surfaces)

Choose the bottom area
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SAVE_DB RESUM_DB\ QUIT‘ POWRGRPH

j Area Attributes

Main Menu

= Preferences
3 Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
2 Meshing
2 Mesh Attributes
Default Attribs
All Keypoints
& Picked KPs
All Lines
& Picked Lines
All Areas
A
All Volumes
& Picked Volumes
Volume Brick Orient
MeshTool
Size Cntris

®|

Top one
Toolbar

* single " Box

" Polygon (™ circle
" Loop

Count
Maximm

Minimam

FoR M

Lrea No.

+ List of Items

{" Min, Max, Inc

|

al Epply

Reset Cancel

bl

Pick All Help

i1

SAVE_DB RESUM_DB| QUIT‘ POWRGRPH

Main Menu

= Preferences
3 Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
B Mesh Attributes
Default Attribs
All Keypoints
& Picked KPs
All Lines
2 Picked Lines
All Areas
P2
All Volumes
& Picked Volumes
Volume Brick Orient
MeshTool
Size Cntris
Mesher Opts
Concatenate

LT P

®|

1

LINES

LINE NUM

¥ Dick " Unpick
f* Single " Box

" Polygen (" circle
" Loop

Count = 1
Maximum = 2
Minimum = 1

Area No. = 2

* List of Items

{" Min, Max, Inc

|

OK

Reset Cancel

Pick R11 Help

i

Zpply
==
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I\ Area Attributes .

[AATT] Assign Attributes to Picked Areas

MAT Material number -
REAL Real constant set number INO”E defined vl
TYPE Element type number I 1 PLAMNELE3 j

ESY5 Element coordinate sys I 0 vl
SECT Element section IND”E defined vl

oK Apply Cancel Help

How to fix the limits of contour plots?

ForTRLIIL g s sy

PlotCtrls WorkPlane Parameters Macro MenuCirls Hely

Pan Zoom Rotate ..
7 View Settings 4
; Numbering ...
- Symbols ..
HIE idden Line Options .
3 Si nd Sh
Font Controls Eldzgeeaop“onaspe
Window Controls 4
Uniform Contours ...
Non-uniform Contours . Graphs 4
Contour Style ... Colors 4
Contour Labeling ...
- - - Light Source ..
Device Options __.
‘ e e .| Translucency 4

Discretization

1. General idea of discretization and how a system Ka =F
a. Kstiffness matrix
b. a unknown vector
c. Fforce vector
2. Do this derivation for various forms of Weighted residual
statement, energy method, least square
3. Actual numerical examples
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Discretization means turning a problem with infinite unknowns to one
with finite number of unknown
Uﬁx o7
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How do we discretize the solution?

- Finite difference approach / finite volume
Unknowns are primary fields (e.g. displacements) at grid point
locations
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2. Interpolating the solution with functions




T = Z\ ¢ (L)?) Q;'
b« (

(«X\)X.Z) Ln w

gbb- ()« 1 ) (tost) fonchion

“uI\L}( CUnd'lé’AS
n. Unkv\ov\/(\S ﬂ@} Ne  wonl T sol V¢

nenum b d Ui RN

Ut\\ \'°c€4 %M N S e S B S X

Do we need to stipulate any conditions on these test functions?




We almost always use a method that Ru (essential BC
residual) is strongly satisfied.
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Let's say that all the trial functions satisfy the homogeneous essential BC (similar to weight functions
in weak statement)
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@ Solution is represented by a finite number of functions:

e g e g mereea o aeas

uh(x) = dp(x) + Z a;¢i(z)
i=1

where u" is the symbol for discrete solution and &;(x) are trial or test functions.
dp(x) is set to satisfy essential boundary conditions and will be discussed later.

This approach is used by (discrete) weighted residual method, weak form, least

square, and Ritz energy method.

Different approaches that we could get an exact solution ->

How do we discretize these methods

Any expression in the form
For all

->

For n ... ( to get n equations rather than infinite equations) so that we get n unknown n

equation system

Approach| Equation Figure Discretization Discretization
method
Balance | V2 C D : [,,(fn)ds— | , I Change ¥vf2  to | Similar to
Law fQ rdv=20 //:" (3 _H\, {021,092, 02} subdomain
(20) (0 &7 method  in
) WRM
Strong YxeD:Vf—-r=0 , P Change wx to | Collocation
Form /./x: D) {x1,x2,..., Xn } method in
(23) (p %2~ WRM. Also
: FD & FV.
Energy vy e V: IH(y) < [(7) \ v{a1,....0n} Ritz Energy
Method i=eay | H(al,....an) < Method.
(80) ﬁ_ﬂj ﬂ(é;. R }. = | Also vyields
yomindmizes (5] % — .= D‘O\G{f = Weak Form.
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Approach| Equation Figure Discretization Discretization
method
Weighted| vw € W : = Change Yw to | Weighted
Resid- f'D w. R dv + “}~ . 8 {wi,wo,..., wn } Residual
ual Jop. W Rpds =0 (o—"% 1100 Method
Method | ~°77 ! o . (WRM)
(45)
Least R?T = f’D Rf dv + R . Change R? = 0 | Least
Square fa'p Rf, ds=0 i = Lyg(u) v to V{@1....,an} Square
(51) f op, D Bp=T-Lyiur Rz{_al, s n) < | method, a
| R¥dq.....4,) =_| WRM—for
or? _  _ 8R? _( linear Ly
daq dag (& Lf}-
Weak Yw e W . —_— Change Ww to | Weak For-
Form Jp L (W)L (u)dv = | » P g {wi,wa,..., Wn} mulation
(74) In W-rdv"‘fa-pf wids | (o =
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