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 PDE Examples

v' Laplace equation

v' Heat conduction equation
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FURTHER CONSIDERATIONS

 Mesh Type (Free Triangular — Free Quad)
« Solution Type

(Nodal Solution — Element-wise Solution)

14

Cobnvriaht © 2021 Combputational Desian L ab. All riahts reserved



MESH CREATION(FREE QUAD)
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_>9A| 7|H|' E_I_A E::E:i
w Discretization

Shape functicn type:

Discontinugus Lagrange A
Element order:

Constant -
#| Compute boundary fluxes
J| Apply smoacthing to boundary fluxes
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POST PROCESSING(ELEMENT WISE)

4 Ay Coefficient Form PDE 2 (©2)

~ Equation _6I =2 = o _c')'l- Al H HF X Al
» &l Coefficient Form PDE 1 Sho eatstion ssumine SXElS flT AHE3A
quation assuming:
I &5 Zero Flux 1 Study 1, Stationary : - b A= A
n H ==
b :. Initial Walues 1 eaaz‘f +da‘3é"f +V-(-cViz-au2 + ¥)+ - V2 + ar =F : =0 7| I—I- =T - (U)
5+ Equation View : 5o I =24 J|HEESEN (u2)
V=[§,§] :
w Diffusion Coefficient I A o
’ | 227U RN B
c Isotropic : CF A JLo L
(o) A 9O
v Absorption Coefficient : ol_l- -Q-—LO Ol-L_l'Ql HA = ;Q—T'—/
H o ASE &2
a=1f=u . 24 7t 2a&s &2
! ¥ Source Term : % ;QI-E EI'.
|
Node _ ,,Element Fu !
% u _ u2 * Mass Coefficient :
e, 0 :
+ Damping or Mass Coefficient :
|
d, 0 :
|
90 |
/“ |
"'.%‘ 5 :
= !
-“:’/—~—¢~ 70 |
—_— |
‘{:‘;‘;‘:':."‘—‘ 50 :
= |
50 |
|
|
40 I
|
30 :
|
20 |
|
10 :
|
|
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SR

 PDE Examples

v' Laplace equation

v' Heat conduction equation
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HEAT CONDUCTION EQUATION

Hot e Cool

heat stored in the element over a unit time period At = (In)—(Out)
q(x)(AyAz) At —q( X+ Ax)(AyAz) At = pC (AXAYAZ) AT

q (x) —q (X + AX) _ C AT taking the limit aq = pC ot q:_kpC% > K 5212— = a
AX At X a > }

(k =0.835 cal/(s-cm-°C)
JAX=2Ccm
At=0.1s

N

(Boundary condition , . .
Initial condition

T (O,t) =100°C _
T(|,t:0):O°C

\T (lO,t) =50°C 0 4 8
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OeE HdE

Definitions Geometry

Select Physics

4 (1) Recently Used
Au Coefficient Form PDE (0)

% AC/DC

W)} Acoustics

<= Chemical Species Transport
Heat Transfer
Plasma
Au Mathematics
4 Au PDE Interfaces
Au Coefficient Form PDE (c
Au General Form PDE (g)
Au Wave Form PDE (wahw)
Jdu Weak Form PDE (w)
Au Lower Dimensions
24 ODE and DAE Interfaces
@ Optimization and Sensitivity
72 Classical PDEs
§ Deformed Mesh
= wall Distance (wd)

A o .
Lu Coefficient Form PDE ()

° Space Dimension

Help 8 Cancel E|/ Dane

Materials Physics

Search

Add

Remove

e Study

@ e dR

Home
Select Study

4~ Praset Studies

[, Eigenvalue

|= stationary

[¥< Time Dependent
TS S
~ca Empty Study

Added study:
[ Time Dependent
Added physics interfaces:
Au Coefficient Form PDE (c)

° Physics
Help g Cancel D\/ Done

Definitions Geometry

Model Wizard — 1D
— Mathematics - PDE
Interfaces — Coefficient
form PDE A EH

— Add 22

Materials Physics I

Study = &

Time Dependent ME{ =

Done =&l
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GEOMETRY CREATION

o 2 =E| ] - Untitled.mph - COMSOL Multiphysics -
Home Definitions Geometry  Materials Physics Mesh Study Results
A "% | — Component 1 (comp1) ~ = E— AuCoefficient Form PDE (c) » [ Build Mesh = Compute ~1D Plot Group 1 ~ | [FWindows -
| ® | < add Component - =/ *% | by Add Physics AMesh1 - | ~wStudy1 - | {@Add Plot Group | [C5iReset Desktop -
Application
pEpuiIder Defmlt\ons Georfetry Mat€na\5 ~% Add Study
Application Model Physics Mesh Study Results
Maodel Builder TR S’:‘t‘[."'gS Graphics  Preview Convergence Plot 1
- EIR : - @ Q A @ FH ol El*"”

4 @ Untitled.mph (root)
4 () Global Definitions

Build Selected » J&@ Objects t) [ol"=]

) Materials Label: Interval 1
4 — Componenﬂ fcomp1) > intereal
iHone
4 -\’\- Geometry 1 Number of intervals: | One =
== Interval 1 @1)
Left endpoint: 0
Right endpeint: 10
Au Coefficient Form PDE (¢}

A5 Mesh 1
~do Study 1
4 B Results

e Derived Values
B Tables
1D Plot Group 1

= Selections of Resulting Entities

Contribute to: MNone - New
[] Resulting objects selection

show in phy Domain selection

Messages Progress Log Table

A\
b

SOIUTION TIMe (STUay 1) 13 5.

Complete mesh consists of 5 domain elements.

Murmber of degrees of freedom solved for: 11 (plus 2 internal DOFs)
Selution time (Study 1): 6 5.

Murnber of degrees of freedom solved for: 11 (plus 2 internal DOFs)
Solution time (Study 1): 6 5.

123GB|133GB
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<

Geometry 1 28 —
Interval 1 EH

yLeft 0, Right: 10 Y2 =
| Build Selected =&l
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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COEFFICIENT INPUT

123GB|132GB

2
ea—l:+daa—u+V-(—cVu—au+y)+,B-Vu+au = f < cViu =daa—u
ot ot ot

=] 5 [ - i - i i — [m] b4 A EH
= ] Untitled.mph - COMSOL Multiphysics @ I_-I |
Home Definitions Geometry  Materials Physics Mesh Study Results |
A "% | — Component 1 (comp1) ~ =N E— AuCoefficient Form PDE (c) » [ Build Mesh = Compute ~1D Plot Group 1 ~ | [FWindows - |
| & Add Component = = L & Add Physics AMesh 1~ | ~wStudy 1 - | @ Add Plot Group | [kReset Desktop + |
Application .
pEpuiIder Defmlt\ons Georfetry Mat€na\5 ~% Add Study
Application Model Physics Mesh Study Results 7:” A 7 F OI E:| (l_l' D‘l Xl O)
Maodel Builder T i Se‘tt""gs Graphics  Preview Convergence Plot 1 T HA H 7
- (= i Coefficient Form PDE @ Q M| o QPR [ N C — O 835
4 4 Untitled.mph (roat) Domain Selection S @ I - .
4 © Global Definitions e |
“ All doi c
) Materials Selection: | All demains |
4 — Component 1 fcompl) ; a | d — 1
.E Definiticns £ | a
4 5 Geometry 1 e I
— Interval 1 71) ctive L
orm Union (#in) A |
Adasacile |
4 Au Coefficient Form PDE (g |
“— Cosfiicient Form PDE 1 | u
T I Owverride and Contribution I 2
2— Initial Values 1 | CV u o d —
—= Dirichlet Boundary Conditiory i a
— Dirichlet Boundary Conditiond  Show equation assuming: I at
A Mesh T Study 1, Time Dependent I
~ Study 1 udy 1, Time Dependen - I
4 {E Results 2 ;
B e e,%+d,g—‘;+V-(—cVu—cw+y)+,b-Vu+au=f :
t
&2 Derived Values 3 I
FH Tables =9x 2
1D Plot Group 1 |
Export ~ Diffusion Coefficient I k —_— e —
Repaorts | 2
: ¢ ot
w Absorption Coefficient :
a0 1m? |
|
~ Source Term I
— OC
o | [|k =0.835 cal/(s-cm-
v Mass Coefficient T I
0 2 4 [ 8 0
& 0 s2/m? I < AX — 2 Clll
Messages Progress Log Table |
= Damping or Mass Coefficient |
| _
d; 1 sim? SO0IUTION TIMe (>TUay 1) 15 S, t —_— . S
Complete mesh consists of 5 domain elements. |
Conservative Flux Convection Coefficient Murmber of degrees of freedom solved for: 11 (plus 2 internal DOFs) | ~
Selution time (Study 1): 6 5. |
Convection Coefficient Murnber of degrees of freedom solved for: 11 (plus 2 internal DOFs)
= Solution time (Study 1): 6 5. |
Conservative Flux Source |
|
|
|
|
|
|
|
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BOUNDARY CONDITION

Coefficient Form PDE &= &

Messages  Progress log Table

\
b

SOIUTICN Ume (Stuay )0 135 S

Complete mesh consists of 5 domain elements.

MNumber of degrees of freedom solved for: 11 (plus 2 internal DOFs).
Seluticn time (Study 1): 6 5.

Mumber of degrees of freedomn solved for: 11 (plus 2 internal DOFs).
selution time (Study 1): 6 5.

Saved file: 10_PDE_ex2.mph

1.24 GB | 1.36 GB

B INEOE > 2] 10_PDE_ex2.mph - COMSOL Multiphysics - B X — D|r|Ch|et Boundary
Home Definitions Geometry Materials Fhysics Meash Study Results | C d -t- = EI
A "% | — Component 1 (comp1) - = Au Coefficient Form PDE (¢) - | 8 Build Mesh | = Compute | ~. 1D Plot Group 1 - | EEyWindows ~ | onaition = —
&> Add Component - = - AMesh1 » | ~oStudy1 - | @ Add Plot Group~ | [gReset Deskiop - |
Apﬂﬁgg?” Definitions | Geometry Materials ~5 Add Study |
Application Model Physics Mesh Study Results Layout |
|
Model Builder bt S Sett"“gg Graphics  Preview Convergence Plot 1 |
- b= StELE - Dirichlet Boundary Condition | Q M La - (R I HAd | 4 A NS
1 €8 10_PDE_ex2 mph froot) o @ 7H A al 7 7:” EH &
4 () Global Definitions Label:  Dirichlet Boundary Condition 1 Lo T R T 2 oo x (@) - = T
&) Materials Boundary Selection 2 ZF Ol &4
4 — Companent 1 fcompi)} (@) HA H —
= pefinitions Selection: | Manual -
‘ : it = 7t
4 A Geometry 1 ( | | d f |
Seomety 1 : F,_ | Initial Values= default &X
Form Union (#in) E - (| EH ol =
= Materials B 8 | O O O _E = E H —:|| X)
4 Au Coefficient Form PDE (c) = |
B— Coefficient Form PDE 1 |
2 Zero Flux 1 |
E— Initial Values 1 I A
— Dirichlet Boundary Condition 1 Override and Contr B d d t
— Dirichlet Boundary Condition 2 I O u n ary CO n I I O n
T - Equation |
s Study 1 o, - |
4 (B Results ~ Dirichlet Boundary Condition , \ I T O t 1000C
o Data Sets Prescribed value of u v | ] -
& Derived Waluss I
B Tables r 100 1
~w 1D Plot Group 1 |
[T (20,t) =50°C
Reports | y -_
|
|
| -, = I d T
| Initial condition
|
|
| T(1,t=0)=0°C
| L1 = =
e S :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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MESH CREATION

Mesh 1 O 7 @2 &
10_PDE_ex2.mph - COMSOL Multiphysics - O X —_— Edge A-I E;I.II

o - = e
(= = g ! —
Home Definitions ~ Geometry ~ Materials Physics Mesh Study Results I Ed e D‘” o= EI
A ~% | — Component 1 {compt) ~ | = Au Coefficient Form PDE () - | @ Build Mesh | = Compute | ~.1D Plot Group 1 - | [EWindows | g T =2 T
= ] o
) &> Add Component - =/ = Add Physics A Mesh1 - | ~Study1 - | B Add Plot Group ~ | [ZReset Desktop = | b A EH
Apﬂl‘ﬁgg?n Definltions Georfetry Matﬁria\s 2 Add Study | d D | Strl utlon |_-I —
Application Model Physics Mesh Study Results Layout |
I
Model Builder v SE‘H"QS Graphics  Preview Convergence Plot 1
g Nl L BQASHE| L | Sl=x Number of elementsOf| 5

1 & 10_PDE_ex2.mph oot) Build All ) @ =
4 () Global Definitions :
iz Materials Label:  Distributicn 1
4 — Component 1 (comg?)
= Definitions
4 5 Geometry 1

22 — Build Seleted &l

~ Domain Selection

Selection Manual -

=—= Interval 1 (1)
Furm Unign (¥} 1 L] k J— O 835 I/ . m . OC
25 Materials g - - . Ca S C
4 Auv Coefficient Form PDE (&} Active [m
B Coefficient Form PDE 1 o
D &
"= Zero Flux 1 A —_ 2 ”l
2 |nitial Walues 1 X C
— Dirichlet Eoundary Condition 1
Loidcliloil endition 2
4 &Mesfﬂ ¥ Distribution At — 0' 1 S
. Distribution properties:
[EE Distribution 1 Fixed number of elemer) -

Mumber of elements:

y
4 {E Results 5

=3 Derived Values

R Tables
1D Plot Group 1

Messages Progress Log Table

3
b

SOIUTION TIME [STUay 1) 13 5.
Complete mesh consists of 5 domain elements.

Mumber of degrees of freedom solved for: 11 (plus 2 internal DOFs)
Solution time (Study 1): & s,

MNumber of degrees of freedom solved for: 11 (plus 2 internal DOFs)
Solution time (Study 1): 6 s.

Saved file: 10_PDE_ex2.mph

123GB|1.35GB

25
Cobnvriaht © 2021 Combputational Desian L ab. All riahts reserved



B I hEeEBE > E5| 10_PDE ex2 mph - COMSOL Multiphysics - O ®
Home Definitions Geometry Materials Physics Mesh Study Results
A "8 — Compenent 1 (compl) - (&\: E— . AuCoefficient Form PDE (¢) - | [ Build Mesh = Compute ~-1D Plot Group 1 - | [FWindows -
: ®  &5Add Component - = " Add Physics AMesh1 - | ~mStudy 1 - | EAdd Plot Group~ G Reset Desktop -
Application — -
poquer Deﬁnltmns GEDTEtw Matéﬂals % Add Study
Application Model Physics Mesh Study Results Layout
Model Builder ~ B Graphics Preview Convergence Plot 1
- S o B i - Qe Al WE @=
1 & 10_PDE_ex2.mph (oot Solution
4 (@ Global Definiticns - Line Graph: Dependent variable u (1)
i) Materials Label:  Time Dey 100 T T T T T
4 — Component 1 fcomp’) +  Study Setiings
= Definitions
4 7\ Geometry 1 Time unit: s -
Interval 1 (77)
Form Unicn (#in) ITimes range(0,0.1,20) I 5 [l
55 Materials . e
4 Au CosFicient Form PDE (&) Relative tolerance: [ 0.0
P -
ng:)ffgin: Form PDE 1 Results While Solving
2 Initial Values 1 ~ Physics and Variables Selection -
—= Dirichlet Boundary Conditicn 1 =]
—= Dirichlet Boundary Condition 2 [0 modify physics tree and variables for study step 3
4 A Mesh 1 2
Physics interface Solve for  Discretization £
@
Coefficient Form PDE (t) [~ Physics settings =z
£
) 1)
4 " Study 1 . Values of Dependent Variables 2
[ Step 1: Time Dependent g
g Mesh Selection 2
4 B Results
Dats Sets Study Extensions
? Derived Valuss
B4 Tables
4 "~ 1D Plot Group 1
T Line Graph 1
Export
Reports
]
®-coordinate (m)
Messages Progress log Table
\

b
NUMDEr OT 0egrees OT TrEeqom SOIVEd TOr |1 (PIUS & INTEMal LUks)
Selution time (Study 1): 6 5.
Murmber of degrees of freedom solved for: 11 (plus 2 internal DOFs)
solution time (Study 1): 6 5.
Saved file: 10_PDE_ex2.mph
Number of degrees of freedom solved for: 11 (plus 2 internal DOFs)
Selution time (Study 1): 1 5.

1.25GE|14GB
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Study 1 — Step 1: Time
Dependent 2 &

Times: range(0,0.1,20) ¥ &

2 Compute =&

k =0.835 cal/(s-cm-°C)
AX=2cm
At=0.1s
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POST-PROCESSING

e D EHR > =S|
Hcme
Cols | v
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& = b ¥

Materials Physics Mesh Study Results

G N b [

Plot  Plot Line Peint Global Table Histogram Ray Nyc||ui5t Far  Octave  Mesh
Graph B

In~ Graph Graph
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Model Builder
- = v =t E v

1 & 10_PDE ex2.mph (oot
4 () Global Definitions
i) Materials
4 — Component 1 (compT)}
= Definitions
4 5 Geometry 1
=—= Interval 1 /1)
Form Unicn (fir)
55 Materials
4 Au Coefficient Form PDE &)
®— Coefficient Form PDE 1
B Zero Flux 1
2 Initial Values 1
—= Dirichlet Boundary Condition 1
—= Dirichlet Boundary Condition 2
4 A Mesh 1
él Size
el Edge 1
H Distribution 1
4~ Study 1
[\ Step 1- Time Dependent
e Solver Configurations
4 B Results
& Data Sets
Derived Values

4 " 1D Plot Group 1
w Line Graph 1

=5 Reports

ot Field Band Plot
Add Plot

Active i)

~ y-Axis Data + -

Av

Expression
u
Unit:

1
L] Deseription:
D

Title

~ x-Axis Data + ~

AY
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Expression
Expression
X
Unit
m
O Description:

dinate

Coloring and Style

Legends
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Resolution N refinement

Smoeothing: | Internal

Recover. Off

1D Plot Group 1

) Color Expression

Attributes

10_PDE_ex2 mph - COMSOL Multiphysics x
(Lo
1D Animation
Image -
Export
Graphics ~ Preview Convergence Plot 1
Q Q@ WED @
Line Graph: Dependent variable u (1)
100 T T T T

Dependent variable u (1)

w-coordinate (m)

Messages Progress Log Table

\
&

NUMDEr OF Qegrees oT TIEEa0rm SOIVEA TOF |1 (PIUS 2 INTEMal LIUKS).
solution time (Study 1): 6 5.
Number of degrees of freedom solved for: 11 (plus 2 internal DOFs).
solution time (Study 1): 6 5.
Saved file: 10_PDE_sx2.mph
Number of degrees of freedom solved for: 11 (plus 2 internal DOFs)
Soluticn time (Study 1): 1 s

1.26 GB | 1.39 GB
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POST-PROCESSING
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— Component 1 (comp1) -

&> add Compenent »
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Model
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4

+ & 10_PDE_ex2.mph froot)
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B0 EEA-
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Form Unicn (i} Times: range(0,0.1,20) 5 |k
55 Materials ——
4 Au Coefficient Form PDE &) Relaive tolerance: [1 00
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o, ;z;ﬁ;t‘?: Form PDE 1 w Results While Solving
o
= Initial Values 1
] Plot —
—= Dirichlet Boundary Condition 1 =)
—= Dirichlet Boundary Condition 2 Plot group: | 1D Plot Group 1 El
4 A Mesh 1 s
A . Update at: Times stored in output - a2
Size =
4 £ Edge 1 . i 2
B Distribution ] ‘ Probes: Al x g
4~ Study 1 Update at: | Time steps taken by solver -2
[ Step 1: Time Dependent 2
e a1 w Physics and Variables Selection a
4 {8 Results
Data Sets ["] Modify physics tree and variables for study step
? Derived Values vy
B Tables Physics interface Solve for Discretization
4 7 1D Plot Group 1 Coefficient Form PDE (c) [ Physics settings -
e Line Graph 1
Values of Dependent Variables
Mesh Selection
Study Extensions
x-coordinate (m)
Messages Progress Log Table
\

10_PDE_ex2.mph - COMSOL Multiphysics - O x
Study Results
Au Coefficient Form PDE (c) -~ @@ Build Mesh | = Compute 1D Plot Group 1 - | [FWindows ~
Add Physics AMesh1 - ~dStudy 1 - | B Add Plot Group + [ Reset Desktop -
) Add study
Mesh Study Results out
Graphics ~ Preview Convergence Plot 1

QA lE &=

Line Graph: Dependent variable u (1)

|
INUMDEr 0T aegrees OT TrEenom SOIVE TON 11 (PIUS 2 INTErnal LIUKS)
Solution time (Study 1): 6 s,
Saved file: 10_PDE_ex2.mph
Murmber of degrees of freedom solved for: 11 (plus 2 internal DOFs)
Solution time (Study 1): 1 s
Number of degrees of freedom sclved for: 11 (plus 2 internal DOFs)
Solution time (Study 1): 6 s.
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CAE

Study 1 — Step 1: Time
Dependent 2 &

Results While SolvingOf| A
Plot 41 Ef

Compute =&l
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=
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SR

e Direct Stiffness Method: Truss

v’ Geometry creation

v' Material property

v' Cross section property
v Boundary condition

v" Nodal force

v Analysis
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EXAMPLE TRUSS STRUCTURE

EP=50, 49=1,
?=10, p?=1/5

(2) /

S

X ® X b
1(0.0)T i TZ(I0.0)
Ko | |EW=50, 4V=2, Fa iy

LW=10, p®=1/5

(a) (b)

Idealization as Pin-Jointed Truss

and FEM Discretization
' Geometric, material and fabrication properties

,:}
fy3:1T

A 5 Se3=2
a RS -\i_w ((l) 3
MBNN A

Physical structure Idealization as a pin-jointed
bar assemblage

' = i
AR

MO
Support conditions and applied loads
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MODEL WIZARD

Maodel Definitions Geometry

New

Model

.mph
Model
Wizard

“mph
Blank Model

Application

mphapp
Application
Wizard

Help e Cancel  [J] Show on startup

Waterials

Physics Mesh Study Results

434 MB | 573 MB
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DIMENSION SELECTION

O |2 =R EREN RS |
Maodel Definitions Geometry Materials Physics Wesh Study Results a

Select Space Dimension

L !
] = Q = _

|
20 1D
=D Axisymmetric Axisymmetric iy o

Help a Cancel E,/ Done @

5325 MB | 595 MB
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PHYSICS SELECTION

Structural Mechanics 2 &
O| Truss physics 1EH

AL L RN

Model Definitions Geometry v Ilesh Study Results H
Select Physics Truss
The Truss interface is used for modeling slender elements that can only sustain axial forces.
It can be used for analyzing truss works where the edges are straight, or to model sagging
(D Recently Used |~ | cables like the deformation of a wire exposed to gravity. It is available in 3D and 2D.
% AC/DC Geometric nonlinearity can be taken into account. The material is assumed to be linearly
) Acoustics elastic.

& Chemical Species Transport

Il Electroc hemistry

== Fluid Flow
Heat Transfer

I Optics

@ Plasma

4 Radio Frequency

& Serniconductor

4 5= Structural Mechanics

== 5olid Mechanics (solid)
= Plate (plate)

Added physics interfaces:

° Space Dimension Study

Help 8 Cancel E|/ Dane

334 ME | 597 MB

|
Jrirfuu
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PHYSICS SELECTION

Added physics interfacesO||

= e I S —j|:—7|'5|_| physics EII-OI_I

Madel Definitions Geometry Iaterials Physics esh Study Results 7]

Select Physics Review Physics Interface

Truss (truss) Stu dy % é!

Dependent Variables

.

(D Recently Used
% AC/DC
W) Acoustics Displacement field: u
227 Chemical Species Transport Displacement field components:
el Electrochemistry
== Fluid Flow w
Heat Transfer
I Optics
@ Plasma
4 Radio Frequency
é. Semiconductor
4 == Structural Mechanics
== 5Solid Mechanics (solid)
= Plate (plate)
SE Beam (beamn)
It Truss (truss)
% Multibody Dynamics (mbd)

= |c

Add
Added physics interfaces:
It Truss (truss)
Remove

° Space Dimension o Study
Help a Cancel E|/ Dane

548 MB | 595 MB
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STUDY TYPE SELECTION

Preset StudiesO| A

Stationary &4

B M HE9CcEHEID | Untitled.mph - COMSOL Multiphysics [=]=] = |
— |
Madel Definitions Geometry Materials Physics Mesh Study Results |
|
|
Select Study Stationary !

=
4~ Preset Studies 2 The Stationary study is used when field variables do not change over || DO ne = él

[, Eigenfrequency
Frequency Domain
]\_.Q Frequency-Domain Modal
S Linear Buckling
[~ Modal Reduced Order Model
]—_ll; Prestressed Analysis, Eigenfrequency

" e
[\ Time-Dependent Modal
Added study:

[~ stationary
Added physics interfaces:

B Truss (truss)

° Physics
Help e Cancel D\/ Dane

L of a reacting system. H

Tl time.

Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In solid
mechanics, it is used to compute deformations, stresses, and strains at
static equilibrium. In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute
steady-state chemical composition in steady flows. In chemical
reactions, it is used to compute the chemical composition at equilibrium

It is also possible to compute several solutions, such as 8 number of
load cases, or to track the nonlinear response to a slowly varying load.

563 ME | 607 MB
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GEOMETRY CREATION
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COMPARISON

f=f 4141 = (K" +K” + K" Ju = Ku
\ U _
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- B -10 0 10 0 0 0 i,
S 0 0 5 0 =51 u,
- -10 -10 0 10 10 || w4
_fJ,3 | -10 -10 0 -5 10 15 1,5 |
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Load Vector Stiffness matrix

20000 10,0000 | -10.0000/0.0000 [-10.0000/-10.0000
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-10.0000/0.0000 10,0000 |0.0000 |0.0000  0.0000
0.0000 |0.0000 (00000 |5.0000 (0.0000 -5.0000
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i A= ]
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LOCAL STIFFNESS MATRIX
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Stiffness matrix by Hand

Geometry

Stiffness matrix by COMSOL
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LOCAL STIFFNESS MATRIX
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|
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REDUCED STIFFNESS MATRIX
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Replace expression

Truss>Reaction
>Reaction force

Truss.RF(x,y,2)
Reaction force A4t
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NODAL REACTION FORCE

(a) 3 (b) _ ” o
7 20 10 -10 0 -10 -10( O -2
G @ 100 10 0 0 -10 -10| © -2
. Yre Vro -0 0 10 0 0 o0 o 0
i) Disconnect 4 Ku
- 0 0 g 3 0 -5 0 1
1 S A o -10 -10 0 0 10 10| 04| | 2
> <€ Q
g -10 -10 0 -5 10 15 |[-02] | 1]
FIGURE 3.3. Intemal force recovery for example truss: (a) member axial forces F!), F® and m
F3)_ with arrow directions pertaining to tension: (b) details of computation for member (2). Forces

COMSOLS| Load®! E{= Reaction force2t B.C2! Point loadE F28|A =&

Type filter text
4  Component 1
[+ Definitions
Reaction force, x component (M), Point: 1 Reaction force, y component (M), Point: 1 [>  Geometry
-2 0000 -2 0000 4 Truss
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Reaction force, x component (M), Point: 2 Reaction force, y component (N), Point: 2

I Displacement
0.0000 1.0000 [>  Energy and power
Lﬂeactinn force, x compenent (M), Point: 3 Reaction force, y component (M), Point: 3 b Gec:;netry

4 |oa
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truss.FpMag - Point load magnitude
4 Point load
truss.Fpx - Point load, x component
truss.Fpy - Point load, v component

Foint load, x component (M), Point: 3 Point load, y component (M), Point: 3
2 .0 1.0
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EXAMPLE TRUSS STRUCTURE

Uy = -0.5
going down

u,=+0.4
going up

"\ N\l = O

no horizontal motion
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BOUNDARY CONDITION
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BOUNDARY CONDITION
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BOUNDARY CONDITION
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Transfer effect of known displacements to RHS, and delete columns:

10 0 0lfu,]| [0 (—=10)x0+0x(—0.5)+0x0.4 0
0 10 10| u, |=[2|= (-10)x0+(-10)x(-0.5)+0x04 |=|-3
0 10 15 ||u, 1 (—10)x0+(=10)x(-0.5)+(-5)x0.4 -2
Solving gives

0 ]|
0 0 -0.5
u, |=[-0.5 Complete the displacement vector with known values 1\ 0
U, 0.2 064_

-0.5

0.2

In summary, the only changes to the SDM is in the application
of displacement boundary conditions before solve

Nodal displacement by COMSOL

Displacement field, x component (m), Point: 1 Displacement field, x component {m), Point: 2 Displacement field, x component (m), Point: 3

00000 0.0000 -0.50000

Displacement field, y component (m), Point: 1 Displacement field, y component (m), Point: 2 Displacement field, y component (m), Point: 3

-0 50000 040000 020000
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O ASSIGNMENT A

E =210 GPa
A=6x10" m°

- d,, =0.0337 m

@ derive K matrix
@ calculate y-displacement at node 1
3 compare with COMSOL result



