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We add material properties similar to the truss problem

Define Material Model Behavior —. g X

Matenal Edit Favorte Help

Material Models Defined Material Models Available
B =l @ Favorites 2
I @ Linear Isotropic @ Structural
: & Material Model Number 2 @ Linear
&8 Elastic
g sotropid

€ Orthotropic =
€ Anisotropic

& Nonlinear

@ Density

& Thermal Expansion

@ Damping

J & Crictinn Canffirinnt J

Apply the BCs and loads o \0
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Fixing the bottom:
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[ Preferences 2 AREAS
B Preprocessor

@ Element Type

@ Real Constants

@ Material Props

@ Sections

@ Modeling

@ Meshing

@ Checking Ctris

@ Numbering Ctris

@ Archive Model

@ Coupling / Cegn

B Loads

& Analysis Type
& Define Loads
@ Settings
8 Apply
8 Structural
B Displacement

P20 1
A 0n Areas
2 On Keypoints
2 On Nodes
2 On Node Comj

AREA NUM

@ Ar
@ Force/Moment

itisymm B

ﬁ Apply UROT on Lines

[DL] Apply Displacements (U,ROT) on Lines
Lab2 DOFs to be constrained

All DOF
Apply as Constant value -

VALUE Displacement value 0.0

Cancel

Applying pressure on the top surface
Main Mmenu &
El Preferences -] X Apply PRES on Lines
& Preprocessor
@ Element Type
@ Real Constants
@ Material Props
Sections
@ Modeling
Meshing
@ Checking Ctris
Numbering Ctris
@ Archive Model
@ Coupling / Cegn
& Loads
@ Analysis Type
& Define Loads
@ Settings
B Apply
& Structural
@ Displacement
@ Force/Moment
B Pressure
A On Areas
2 0n Nodes
2 0n Node Comj
2 On Elements
2 0On Element Cc
B From Fluid An:
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At this point we can mesh the domain (create the elements)

Picked the green area (A1) and choose material 1:

[oolbar
Main Menu

2 Preferences
2 Preprocessor
® Element Type
& Real Constants
= Material Props
@ Sections
& Modeling
B Meshing
B Mesh Attributes
B Default Attribs
B All Keypoints
# Picked KPs
& All Lines
A Picked Lines
B All Areas
bl
B All Volumes
A Picked Volumes
@ Volume Brick Orient
B MeshTool
& Size Cntris
B Mesher Opts
# Concatenate
@ Mesh
Modify Mesh
@ Check Mesh

H Area Attributes

[AATT] Assign Attnibutes to Picked Areas

MAT Material number m -

REAL Real constant set number

Mone defined -

TYPE Element type number [ 1 PLANE183 j

ESYS Element coordinate sys 0 v]

jd SECT Element section MNone defined -

oK Apply Cancel | Help

For area 2, we choose material 2

Area Attributes

[AATT] Assign Attributes to Picked Areas

MAT Material number -
REAL Real constant set number |Ncn9 defined j
TYPE Element type number | 1 PLANE183 ﬂ
ESYS Element coordinate sys 0 -
SECT Element section None defined |

oK : Apply Cancel Help

We need to mesh it!
Use mesh tool and smart size. For the term project, convergence study start with the coarsest mesh (e.g. 10) and refine it as
much as the academic version allows. You can then test convergence:
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Eile Select List Plot PlotCirls WorkPlane Parameters Macro MepuCtris Help MeshTool

D @S P ﬂ =N Element Attiibutes

Toolbar o T se |

Main Menu

v Smart Size

B Preferences

4 13
B Preprocessor

Element Type Fire 5 Coarse
2 Real Constants Sien Controle
= Material Props o
® Sections Gobd _Set | Cha
= Modeling Areas Set Clear
B Meshing ;
& Mesh Attributes S G| )L o]
B Default Attribs Copy Flip
B All Keypoints
A Picked KPs Layer Set Clear
B All Lines
A Picked Lines Keypts Set Clear
& All Areas
A Picked Areas
B All Volumes Mesh  [“aeas =
A Picked Volumes Shape Td % Quad
@ Volume Brick Orient i i
= m * Free Mapped

@ Size Cntris
B Mesher Opts
# Concatenate
= Mesh

® Modify Mesh
@ Check Mesh

Mesh Clear

® Clear
@ Checking Ctris Refine at |Elements -
: d Refine
Pick a menu item or enter a command (PREPT) mat=1 type=1 real=1 csys=0 secn=1 Close Help

Solve the problem:

i i bttt
B Solve

Z]Current LS

B From LS Files
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1 Preferences 1 ELEMEN
i Preprocessor
1 Solution
1 General Postproc
B Data & File Opts
B Results Summary
@ Read Results
@ Failure Criteria
B Plot Results
@ Contour Plot
@ Vector Plot
@ Plot Path Item
@ Concrete Plot
@ ThinFilm
@ List Results
# Query Results
B Options for Outp
B Results Viewer
® Nodal Calcs

D= d @ &l v =
Toolbar

»

Main Menu

= Preferences
& Preprocessor
@ Solution
& General Postproc
B Data & File Opts
El Results Summary
@ Read Results
@ Failure Criteria
& Plot Results
B Deformed Shape
& Contour Plot
8
B Element Solu
B Elem Table
B Line Elem Res
@ Vector Plot
& Plot Path Item
@ Concrete Plot
@ ThinFilm
@ List Results
& Query Results
E Options for Outp
E Results Viewer
@ Nodal Calcs
& Element Table
@ Path Operations

m Quirfana Nnaratinne

NODAL SOLUTION

ﬁ Plot Deformed Shape

[PLDISP] Plot Deformed Shape
EUND items to be plotted

Contour Nodal Solution Data
Item to be contoured

& Favorites
& Nodal Solution
@ DOF Solution
& Stress
@ X-Component of stress
@ Y-Component of stress
@ Z-Component of stress
@ XY Shear stress
@ YZ Shear stress
@ XZ Shear stress
@ 2nd Principal stress
@ 3rd Principal stress
@ Stress intensity

Undisplaced shape key

Undisplaced shape key |Deformed shape only
Scale Factor Off

Additional Options

Def shape only

+ Def + undeformed

Def + undef edge

Cancel
A
=
® |
I\-‘L
A
-
Apply Cancel

Change the range of values in contour plot
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PlotCtris WorkPlane Parameters Macro MepuCtris Help

Pan Zoom Rotate «| | ;|| Ty
&
View Settings »

=

Numbering

Symbols _

Style id Hidden Line Options
Size and Shape

Font Controls ’ B OD[IUHSD

Window Controls » -

Erase Options

Graphs *|  Non-uniform Contours
Animate » - -
Colors *|  Contour Style
Annotation »
Contour Labeling
Light Source
Device Options
Translucency ’
Redirect Plots » '
Texturing 4
Hard Copy *
Background ’

Save Plot Ctrls
Restore Plot Ctris
Reset Plot Ctrls

Multilegend Options »
Floating Point Format

Displacement Scaling

Capure image Vector Arrow Scaling

Restore Image
Write Metafile * Shell Normals
Solid Model Facets

Multi-PI ntrol
U-Fiot Conlrols Symmetry Expansion »

Multi-Window Layout

Best Quality Image

=2 Uniform Contours

[f/CONT] Uniform Contours
WN  Window number [w ndow 1
NCONT Number of contours 9

Contour intervals

)

User specified intervals

VMIN Min contour value -3
VMAX Max contour value 1.5

VINC Contour value incr

Auto calculated
Freeze previous

User specified

[/REPLOT] Replot Upon OK/Apply? Replot
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File Select
Dz & @ & 2
Toolbar

Main Menu

List Plot

E Preferences
& Preprocessor
@ Solution
B General Postproc
B Data & File Opts
B Results Summary
@ Read Results
@ Failure Criteria
B Plot Results
B Deformed Shag
8 Contour Plot

INodal Solu

& Element Sol. [TV

B Elem Table
B Line Elem Re
& Vector Plot
& Plot Path Item
@ Concrete Plot
& ThinFilm
@ List Results
® Query Results
E Options for Outp
El Results Viewer
@ Nodal Calcs
@ Element Table
@ Path Operations

PlotCtris WorkPlane

@ Surface Operations

@ Load Case

L T ) T

Term project:

1.6 mm

'Y Yy Ty XY

uonejol JO SIXY

p

Parameters Macro MepuCtris Help

Pan Zoom Rotate - 2 %l @

View Settings ’

Numbering ]
Symbols An sys
Styl

= 2023R2
STUDENT

Font Controls
Window Controls
Erase Options

Animate
Annotation

Device Options
Redirect Plots

To Printer

To File
Save Plot Ctris

Restore Plot Ctris
Reset Plot Ctris

Capture Image
Restore Image
Write Metafile

Multi-Plot Controls
Multi-Window Layout

Best Quality Image
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Balance laws:

9D ot o&%a&lwgy ég
&\/E \pgﬁw\r/\d\ﬁ\ Nt <L )
o((]\V!\\j (@ Eﬂ\ -
/E L
B N Y
£ = Ih
» AN —0
S
<= )\ ©
.
t = 6n
& S
gffﬁsa{
4 - Zé&y 6%3&
G9x o)
of o 6y G\ b T
[67/‘ 153 §
x
o) o ¢
’ o by [

N u\r\w\& Qg \(esS Fersol
65(% )/ﬂs 6)\7






e (g )T ShphdY P Ul
rall g ZX/% Fe plany E[\%

@ NARavs X@KCK

\;V e \gﬁg\} = j JO\O g\/
N

EE Fency = Reof S
)
- (and® g gpw <
dw &
< O ehin
oo Sets = N _
Vs - 1 ﬂ j?am F“ iﬁ‘f}
cay\SZ H;T“ Y W x L 30$\/
= A»g o\

For 05 ( dedin)

’ Séum\% +SP\OA/V =0
D N

\N Wc&
,.-& %<Ec!§5+ &%c\/\/ -0




,.éff?i&ﬂu S@%c\/v:o v SSAN

- \XQ«J\@&X
al \awS O o

g’(ﬂ ‘N\V\WZ \1\7\\ ne A | | é_xd VPR/) L\M} |
Q. . ot sl Fox oty St Sl

)QKT'--'é %L :?

/
heat AUx

5@\fé maothaw

%1 Qe S XU
e Q)

\‘\Z,W\&UCL




MES517 Page 12




ME517 Page 13




MES517 Page 14




Summary: Most balance laws have a term on the boundary
(spatial flux density goes to it) and a term inside the domain
(source term)

RS g dv =0

FYI, dynamics balance laws look the same
General form of balance laws using spacetime flux

. . only source term acton (|
Using the same definitions from

previous page we define the spacetime ‘m o2
flux by
F = [f;|f:] (15)
then the balance law for dynamics
reads: dF =F.dS =
(f..ny + fyn,)dS
N = [ny, ny]

pathway to generalize BL from extruded geometry

VQCD:/ F.dS—/ ci= (f,.nx+ftn,)dS—/rdV=0 (16)
on n an (74

This can be directly compared to [,, F = AP in previous discrete examples.
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