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COMSOL MULTIPHYSICS

 Finite element analysis and simulation software package for
various physics and engineering applications

« Founded by Savante Littmarck and Farhad Saeidi in 1986

« FEMLAB: Early version of COMSOL (before 2005)
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Dynamics of a Generator

This example shows how the circular motion of a
rotor with permanent magnets in a generator
results in an induced EMF in the stator winding.
The generated voltage is calculated as a function of
time during the rotation.

The plot on the left shows the magnetic flux
density along with a contour plot of the magnetic
potential. Note the brighter regions, which indicate
the position of the permanent magnets in the rotor.
The figure on the right shows the geometry anda
simulation of the generator in 3D.
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Deformation of a Thermomechanical Microvalve

Thermomechanical microvalves are common flow control components
in microfluidics systems. Here, an electric current generates movement
by resistively heating the actuator structure, thereby causing
mechanical stress and deformation.

In this example, a parametric study shows how an increasing voltage
applied to each of the legs leads fo temperature rise causing more and
mare deformation.
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Boiling Water

This model studies the film bailing of
water. A heat flux above the Leidenfrost
point is applied at the surface of two
cavities. A layer of vapor is maintained at
the hot surface - liquid interface where
film-boiling results.

The animation shows the fluids volume
fraction over time as a surface and

contour plot.
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« COMSOL desktop

v' Toolbars & Ribbon tabs
v Windows

v' Physics

v’ Study types

v Setting flow

v’ Setting result
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Quick Access Toolbar

Ribbon tabs

The ribbon tabs on the
COMSOL Desktop
environment reflect the
modeling workflow and
give and overview of the
functionality available for
each modeling
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Model builder window
The Model Builder is the

tool where you define the
model and its components.

Setting window

It is here that you can edit
node setting

Model library window

Easy access to COMSOL
and user model libraries.
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Graphics window

The Graphics window
presents interactive
graphics for Geometry,
Mesh, and Results.
Interactions include
rotating, panning, zooming,
and selecting. It is the
default window for most
Results and visualizations.

Information windows

The Information windows
will display vital model
information during the
simulation, such as the
solution time, solution
progress, mesh statistics
and solver logs, as well as
Results tables, if any.
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HEAT TRANSFER

* Heat balance for a long, thin rod

— Not insulated along its length
— Steady state

L -1y=0

dx

T(0)=1 =40°C »
boundary conditions

I'(L)=T, =200°C

T, =20°C (temperature of the surrounding air)

L=10m

h'=0.01m~ (heat transfer coefficient)

rate of heat dissipation to the surrounding air

analytic solution: 7 = 73.4523¢""™ —53.4523¢™"" + 20
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EXAMPLE TRUSS STRUCTURE
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P=10, pP?=1/5
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S ty1| |EW=50, 4D=2, | | £, uy,

1W=10, pW=1/5

(a) (b)

Idealization as Pin-Jointed Truss

and FEM Discretization
' Geometric, material and fabrication properties

-:}
fy3=lT

O 2 f.\'3 =2
—= - () 372,
AR Alnmw

Physical structure Idealization as a pin-jointed
bar assemblage

2

e
AN AN

Support conditions and applied loads
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STUDY TYPE SELECTION
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|

fu 20 10 -10 0 —10 —-10| u,
fJ_,1 10 10 0 0 —-10 -10 i,
/s B 10 0 10 0 0 0 |fu,
fol 1O 0 0 5 0 -5]u,
I -10 —-10 0 0 10 10 | ug
_fﬁ_ -10 -10 0 -5 10 15 | | 15 |
COMSOL Result
Load Vector Stiffness matrix

20000 10,0000 -10.0000/0.0000 [-10.0000-10.0000
10.0000 100000 00000 00000 [-10.0000-10.0000
-10.0000(0.0000 10,0000 |0.0000 |0.0000 | 0.0000
0.0000 |0.0000 (00000 |5.0000 (0.0000 -3.0000
-10.0000(-10.0000 0.0000 | 0.0000 (10.0000 10.0000
-10.0000(-10.0000 0.0000 | -5.0000(10.0000 15.000

Support conditions and applied loads

RS =R =R =R
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LOCAL STIFFNESS MATRIX

FA I ST R (7
fflu _10 0O 0 0 0 ui,ll:'
[ E T
sl Lo o o of,n

100000 |0.0000(-10.0000(0.0000
0.0000 |0.0000/0.0000 |0.0000
-10.0000)|0.0000(10.0000 (0.0000
0.0000 |0.0000/0.0000 |0.0000

Stiffness matrix by Hand

A0 0 0 o7 ud| A 05 05 0.5 -05]

£ 0 0o -1« | |5 Lo 05 05 05 05 uf}

A7 0 0 0l ) |9 705 05 05 05 |[,8

f(ijl 0 -1 0 1],06 ffsjl -05 -05 05 05 ”Bg‘l

¥ = L~ ¥3 | - Ly
Geometry

Stiffness matrix by COMSOL

0.0000(0.0000 |0.0000(0.0000
0.0000(5.0000 |0.0000(-5.0000
0.0000/0.0030 (0.0000/0.0000
O OO0 -5 0000 00000 | 5. G000
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CAE

10.0000 100000 |-10.0000-10.0000
10.0000 100000 |-10.0000-10.0000
-10.0000/-10.0000/10.0000 |10.0000
-10.0000-10.0000) 10,0000 | 10.0000
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REDUCED STIFFNESS MATRIX

yi

Displacement BCs: u, =u, =u, =0
Force BCs: f, =0, f,=2, f,=1

20 10 -10 O -10 -10] U I
10 10 0 0 -10 -10 u,, fyl o _ .
10 0 10 0 0 0 ||u, ) i Eliminated Stiffness matrix
o 0 0 s 0 =5 lu,| | 10.000/0.0000(0.0000
10 —-10 0O 0
00000 10,0001 5 000
-10 =10 0 -5 10 15 Jju, f;3

Strike out rows and columns pertaining to known displacements: Eliminated Load vector

10 0 0 Jju, fo 0 0

0 10 10||u, |=|fs|=|2|=Ka=f

x3

0 10 15||uy| |fa] |1

1

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
10 10 U fﬁ i 0.000010.000|10.000

|
|
|
|
|
|
|
|
|
|
|
|
i
Solve by Gauss elimination for unknown node displacements i
|

|

|

|

|

|
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NODAL DISPLACEMENT

Derived Values O A L2
T T =
oD E R el e e R Untitled.mph - COMSOL Multiphysics T e e =]
T as o a| ™
Maodel Definiticns Geometry IMaterials Physics Mesh Study Results
Q @ Fi Parameters = Import I Truss ~ [E8 Build Mesh = Compute M Force (truss) = [l Model Libraries E :
a= Variables - o Add Physics | A Mssh 1 - ~duStudy 1+ B Add Plot Group - | [y More Windows -
Compenent Add Build Material T
1~ Component - T Functions - Al aterials ) Add Study you
Model Definitions Geometry Physics Mesh Study Results Windows P M t E | .t' = EI
oint Evaluation 2 &l
Bu ~ B Seftings Properties Gra p hics
= - e a a @ Lo~ oo &&EHY |
e > o @E I
£s Bezier Pc.»\},rgon.s ®3) Label: Derived Values ! . L L L L L L L
Form Union (7} o L |
24 Materials 18 o |
4 & Truss (truss) |
&5 Linear Elastic Material 1 147 i} |
&5 Cross Section Data 1 |
BS straight Edge Constraint 1 1 L
B Free 1 |
E5 Initial Values 1 i | |
3 Linear Elastic_Material 2 [ 10 |
3 Linear Elast] Average > I
53 Cross Secti &1 F |
3 Cross Secti Integration 3 |
£ Pinned 1 Maximum + o L |
= gyl_'”;”ftr): Minimum 3 I
£ Point Lo
4 A Mesh 1 2  Ppoint Evaluation a1 r |
) Eldze 1 Global Evaluation :
ge - L
E Distribu Global Matrix Evaluation 2 |
4 o Study 1 2  Pparticle Evaluation i L |
|7 step 1: stetion| , . - o |
4 [fr. Solver Configu) *= Ray Evaluation |
a aasunlutmn 1 System Matrix 27 N |
=4 Compile
uww Depend Evaluate All |
|7 stationd %= Clear and Evaluate All -4 |
i Assemb)
é Job Configurati settings 6] T T T T T T T T T T T 1l :
4 [B Results 5 Properties 8 6 4 2 0 2 4 6 8 10 12 1 I
Data Sets
Help F1 Messages Progress Log  Table 1 :
Py
4 32 Derived Values ‘ my TN S E- |
4 [ Tables 20,000 |10.0000 -10.00000.0000 |-10.0000/-10.0000 |
B Table 1 10.0000 |10.0000 0.0000 |0.0000 -10.0000/-10.0000 |
M Force (truss) -10.0000(0.0000 |10.0000 0.0000 0.0000 |0.0000 |
W Stress (truss) 0.0000 |0.0000 |0.0000 |5.0000 |0.0000 |-5.0000 |
Export . -10.0000(-10.0000/0.0000 0.0000 |10.0000 |10.0000 |
< e = -10.0000|-10.0000{0.0000 |-5.0000(10.0000 [15.000 |
|
798 MB | 843 MB |
|
|
|
|
|
1
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NODAL DISPLACEMENT

G = g_ﬁ' ) I U p
Model Definiticns Geometry Materials Physics MWesh Study Results 2]
Q <<> P Parameters Fi = Import B Truss - |28 Build Mesh = Compute M Force (truss) - [l Model Libraries @
a= Variables - = L i Add Physics Ay Mesh 1 ~ ~anStudy 1 - | B Add Plot Group - | [EMore Windows -
Compaonent Add _ Build Materials| . Lavout
1- Companent - | fi) Functions = All 7 Add Study e
Model Definiticns Geometry Physics Mesh Study Results
Model Builder Settings | Properties - % Graphics
=2 EL- Paint Evaluation aQa®@eiE| -
2/ Bézier Polygon 3 3/ - = Bvaluate ~ 2 ir, - N N N N ! ! . .
Form Union (#in)
5 Materials Label:  Paoint Evaluation 1 101 o
4 I Truss (iruss)
5 Linear Elastic Material 1 —  [REE | i
&3 Cross Section Data 1 = 9
&3 straight Edge Constraint 1 Data set: [ Study 1/Solution 1
B Free 1 . i L
8
25 Initial Walues 1 = Ealzale
5 Linear Elastic Material 2 Selection: [ Manual _] | L
5 Linear Elastic Material 3 7
3 Cross Section Data 2 o 1 W
& Cross Section Data 3 g - . L
= ;mned tl s Active B §
£ Symmetry = i i
£ Point Load 1 N 5
4 /5 Wesh 1
Q Size 41 -
4 Edge 1
i 2
[ Distribution 1 e <
4~ Study 1 - Type filter text
| step 1: Stationary EfEEW
4 [r, Solver Configurations = truss.disp 4 Model =
4[4 solution 1 Unit: 4 Component 1
%{ Compile Equaticns: Stationa Definiticns
uww Dependent Variables 1 m Geometry
|7 stationary Solver 1 ] Description: 4 Truss
i Assemble 1 - . Acceleration and velocity
£ Job Configurations il spracerent 4 Displacement |
4 {8 Results Parameters truss.disp - Total displacement 3
» Name Value Des 4 DispIac;meTt field el .
e trussrefpnts 0 Refa u - Displacement field, x componen
4 2 Derived Values . o 0 Ref v - Displacement field, y component
%] System Matrix 1 AT ) L w - Displacement field, z component
o trussrefprz 0 Ref P P
£ Point Evaluation 1 Ui L F Energy and power
4 [ Tables Geometry =
B Table 1 L4 - - Load
BH Table 2 ~ Data Series Operation Matarial properties
M Force (truss) ) Physical properties
K cornee e v Operaton [Noe Reactions
‘ 1t ' Section forces
Crain =
ouble-click or press Enter to add selected expression.

Cobnvriaht © 2016 Combputational Desian L ab. All riahts reserved

¢
y

Replace expression

k1
H>
rlo
N
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NODAL DISPLACEMENT

(P — - - —— - - - — | 1
o EHESENHDE 1 e & . Untitled.mph - COMSOL Multiphysics 1 [S[E] =]
Model Definitions Geometry Materials Physics Mesh Study Results a |
q <<> Pi Parameters [=Import B Truss ~ [ Build Mesh = Compute M Force (truss) - [} Model Libraries E |
a= Variables ~ L Add Physics | A Mesh1 ~ | ~ooStudyl - | [EAdd Plot Group ~ | [FjMore Windows + I
| Compenent Add Build Materials s Lavout 1
1- Component - | flx)Functions - All - 7 Add Study e
Model Definitions Geometry Physics Mesh Study Results Windows E | t = EI
. . _ valuate = =
Model Builder Settings  Properties ~ 1| Graphics
- T ] - Qa M- Lo
M/ Bézier Polygon 3 (b3) H Imi } } } } } . . . . .
Form Union (fin)
i1 Materials Label:  Point Evaluation 1 107 (= Bl
4 Truss (truss)
i | I

&5 Craoss Section Data 1

&3 straight Edge Constraint 1

B Free 1 i L
]

&5 Initial Values 1 Salzsien

Data set [ Study 1/Solution 1

|
|
|
|
|
|
|
|
5 Linear Elastic Material 2 Selection: [_Manual = | | :
5 Linear Elastic Material 3 ) 7
5 Cross Section Data 2 1 a |
5 Cross Section Data 3 g H - &1 L |
LE’ Pinned 1 Active [3'5 %1_ |
3 Symmetry 1 & i L |
£ Point Load 1 N 5 I
4/ Mesh 1 |
él Size 47 L |
4 Edge 1 R
[ Distribution 1 ~ Expression v % I
4~ Study 1 3] [ |
]f__j Step 1: Stationary SFREEI |
4 [r. Solver Configurations 1 u o L I
4[4 solution 1 = unie |
54 Compile Equations: Stationa ; | | |
uww Dependent Variables 1 m M 1
|7 stationary Solver 1 [[] Description: |
i Assemble 1 = oy o |
B Job Configurations Displacement field, x component [ I
4 (B Results Parameters o 1 2 5 4 5 s 7 % % Tho I
Data Sets " Name Value Description P pe— ) o |
4 '.J;s ;‘EW‘S 4 val trussrefpntx |0 Reference point f... 9 o8 °9 anle |
- rgrester: uMe;tr\xl trussrefpty 0 Reference paint f HEVI EENRE E -~ I
585 Vs - trussrefpntz |0 Reference point f... I
- &2z Point Evaluation 1 Displacernent field, x component (m), Point: 1 Displacement field, x component (m), Point: 2
El Tables |
10.0000 0.0000
FH Table 1 |
. Force (truss) || = Data Series Operation | |
IS Stress (truss) |
B2 Cumart ~ | Operation: | None v] I
4 m b “ [ m » |
|
793 MB | 837 MB |
- |
|
|
|
|
'
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NODAL DISPLACEMENT

Strike out rows and columns pertaining to known displacements:
10 0 0| u, fo 0

0 10 10|lu,|=|f,|=|2|=Ki=f

0 10 15w, /s 1

Solve by Gauss elimination for unknown node displacements

0
0
u_, 0 0
" "r3 =1 04 expand with known displacement BCs U = 0
u, —0.2 _
¥ 0.4
—0.2

Nodal displacement by COMSOL

Displacement field, x component (m), Point: 1 Displacement field, x component {m), Point: 2 Displacement field, x compeonent (m), Point: 3
0.0000 0.0000 0. A0000

Displacement field, y component (m), Point: 1 Displacemnent field, y component (m), Point: 2 Displacement field, y component (m), Point: 3
0.0000 0.0000 -0 20000
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EXAMPLE TRUSS STRUCTURE

Uy1=-0.5
gomng down

u,=+0.4
going up

ﬁ'\ N\l = O

no horizontal motion

90
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BOUNDARY CONDITION

D SR R el N Aa & . Untitled.mph - COMSOL Multiphysics 1 [S]E=
Model Definitions Geametry Materials Physics Mesh Study Results
q {<> Fi Parameters = Import I Truss - 2 Build Mesh = Compute M Force (truss) = [ifil Model Libraries E
a= Variables » . *% | @iAddPhysics | AMeshl - | ~Studyl - | (B AddPlot Group+  EMore Windows +
Component Add . Build Material Layout
| 1. Component - | T Functions - All aterials % Add Study you
Model Definitions Geometry Physics Mesh Study Results windows
~ R | Settings Properties G
M & W
Prescribed Displacement Q L BN &SaEE
£F BELIEL FUIPYUI 2 [Lhe) .
/7 Bézier Polygon 3 (b3) Label:  Prescribed Displacement 2 . . . . . . .
Form Union (fin) i o
=5 Materials Point Selection 10
4 I Truss (fruss)
B3 Linear Elastic Material 1 Selection [ Manual v] . L
23 Cross Section Data 1 9
&5 straight Edge Constraint 1 o i i
i Freel | | - & . 8y
B3 1nitial Values 1 Active [:'D ¥
5 Linear Elastic Material 2 E 77 N
5 Linear Elastic Material 3
1| & Cross Section Data 2 i L
& Crass Section Data 3 6
=R Override and Contribution
=5 Prescribed Displacement 1 5 N
£ Prescribed Displacement 2 ¥ Equation
él cize Show equation assuming: 41 F
4 [A)] Edge 1 [ study 1, Stationary =
[ Distribution 1 71 -
4 o Study 1 ~ Coordinate System Selection
[~ step 1: Stationary 1 i i
4 =, Solver Configurations =| Coordinate system: 2
* -
4 &i_oflutlon 1 Global coordinate system -
513 Compile Equations: Staticna 1 o
s Dependent Variables 1 ~ Prescribed Displacement
|7 staticnary Solver 1 i L
i Assemble 1 @ Standard notation 0
) 2 Job Configurations [ Prescribed in x direction 5 T N i T T ” T » 5 U
tyy O m
: h Messages Progress Llog Table 1
<= Views [] Prescribed in y direction N
4 23 Derived Values - m HELV0 =N = L @
ystem Metrlx L . o t field t (m), Point: 1 Displacement field t (m), Point: 2
55 point Fvaluation 1 ) General notation isplacement field, x component {m), Point: isplacement field, x component (mj), Point:
« B Tables ] 0.0000 0.0000
B Table 1 | Constraint Settings

M Force (truss)
B stress (truss)

755 MB | 797 MB
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7= AAZAQ pinned 2t
symmetry =71 AHK| 2
Prescribed Displacement
AAZA 2 74 WA
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BOUNDARY CONDITION

X HK Prescribed

ORI LT I o : ; J .
p— Displacement 2 &l
Model Definitions Geometry Materials Physics Mesh Study Results = 1
Q gs Pi Parameters Fi = Import B Truss - 28 Build Mesh = Compute " 1D Plot Group 3 - | [fl Model Libraries @ |
c ; i a= Variables - B.I.d o Add Physics | A\ Mesh 1 - ~anStudy 1 - (B Add Plot Group - | [EMore Windows ~ I
omponen ui -
?. Component » | fix) Functions - All Materials % Add Study Layout I
Model Definitions Geometry Physics Mesh Study Results Windows
; , ) QIZ 0 ANX™ MEH
Wodel Builder ~ R| Settings Properties Granhi — 1 |-EH =0 L "1
viodel Bullde g &3 Graphics
= = - Ny . o #R . i,
= = - 5t el Prescribed Displacement Q QR L BEwn| & I
[ UL DTG (471 . (5] Fo ] B
a5 Materials Label:  Prescribed Displacement 1 1 L 1 1 1 L L L L
4 I Truss (fruss) i (= NN
3 Linear Elastic Material 1 Paint Selection 10 u . O
B3 Cross Section Data 1 0
&5 straight Edge Constraint 1 Selection: [ Manual v] o L .
EFree 1 =gl Y | VO - O, 5
£ Initial Values 1 . B - i L |
) Linear Elastic Material 2 - = 8
=3 Linear Elastic Material 3 A Active Gj I
= Cross Section Data 2 & 71 F I O] ==
£ Cross Section Data 3 | H T
il L it |
| £ Prescribed Displacement 1 I 6] [ |
|- Owerride and Contribution |
£ Mesh 1 ) 5 I
4l size ~ Equation |
el Edge 1 - I
Show equation assuming: 7 L
EH Distribution 1 g g 4 |
4 e Study 1 Study 1, Statienary - |
|7 step 1: Stationary 71 8 |
4 [Tr. Solver Configurations |
4 [ solution 1 I
uf ; ; ‘ r
5ig Compile Equations: Stationa| = 2
uiw Dependent Variables 1 » Coordinate System Selection :
155 stationary Salver 1 Coordinate system: 1 r
e Assemble 1 |
£ Job Configurations Global coordinate system > I_| |
4 {[E Results B I 07] | [
@ D + Prescribed Displacement I
ata Sets o 1% 3 4 s s 5 8 s 10 |
p :I;S ;'EWS dval @ Standard notation |
e Derived Values
System Matrix 1 3 Prescribed in x direction Messages Progress Log Table 1 |
&3 point Evaluation 1 Ux 0 m HErvITEENGEE- :
4 [ Tables e )
B Table 1 Prescribed in y direction Displacemnent field, x component (), Point 1 Displacemnent field, x component (m), Point: 2 I
M Force (truss) lpy  -0.5 m I 0.0000 0.0000 |
*
IS stress (truss) — | ) General notation |
4 "o 1D Plot Group 3 |
able Gra > ||| nstrain ings
Table Graph 1 Constraint Setting |
4 m, 13 4 n L3
|
759 MEB | 801 MB :
|
|
|
|
|
1
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BOUNDARY CONDITION

= HHRY Prescribed
| 1D > _ Untitledmph - COMSOL Multiphysics ] [S[E] = ] D|Sp|acement %él

e heEHRSCED

747 MB | 792 MB

wll & &
Model Definitions Geometry Materials Physics Mesh Study Results 1D Plot Group 3 |
= A — b |
m B E b B X 0N ~ 2 |
| Plot  Plot Line Point Global Table Histogram Particle Ray Nyc||uwst Far 1D Player
In- Graph  Graph Graph ) Plot  Field N Image 2 = XX O E p| x_l A-i EH
Plot Add Plot Aftributes Export — 1 =00 —
Model Builder Settings  Properties 8 (ora DFICS |
- = ® v =t E ] p - a a @@ [FH | L~ 2@ |
BELET FUIYYUIL 3 (D54 = &) o] B
4| Form Unien (fin) Label:  Prescribed Displacement 2 1 1 1 1 1 1 1 1 1 1 L
25 Materials _ ol Un - NONe
A B Truss (Hruss] Point Selection 10 O ‘
&3 Linear Elastic Material 1 Va ° O 4
B3 Cross Section Data 1 selection: [ Manual - o | | 0- .
&3 straight Edge Constraint 1 |
- 2 3
&) Initial Values 1 - - 8
3 Linear Elastic Material 2 | Active E='EI & I OHI E:|
£ Linear Elastic Material 3 RS 7 F I 1
5 Cross Section Data 2 |
|| 5 Cross Section Data 3 i L |
3 Point Load 1 6 |
— » I Override and Contribution |
=3 Prescribed Displacement 2 I 5 o I
o f ~ Equation |
él Size
Show equation assuming: - o
4 [AEdge 1 q : 9 4 I
[ Distribution 1 [ Study 1, Stationary = |
4 b Study 1 u= 3 - |
|7 step 1: Stationary |
4 [T, Salver Configurations |
4[4 solution 1 . . 27 i
54 Compile Equations: Stationa|= - Greales S slEe l
unw Dependent Variables 1 Coordinate systerm: 1] I I
|7 stationary Solver 1
i Assemnble 1 Global coordinate system ) |
i <I_|| L
£ Job Configurations B B a I |
4 {B, Results ~ Prescribed Displacement = . . . . . . . . . I
Data Sets 0 1 2 3 4 3 ] 7 8 9 10
i Va . @ Standard notation |
L= Views
4 15 Derived Values Prescribed in x direction Messages  Progress Log  Table |
System Matrix 1 3 Uy 0 mlE YD =N =B :
&2 point Evaluation 1 ihed i i
Prescribed in y direction
P Tables = i |
M Force (truss) Uy, 04 m |
IS stress (truss) ") General notation | I
L | |
- T Constramt §Engs | |
|
|
|
|
|
|
|
1
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O |l = =

= Compute F8
m Model Phy! Mesh Study Results 1D Plot Group 3
»
mport ZTruss v Build Mesh = Compute Force (truss) ~ Model Libraries
Q 9 Parametric Sweep P H 5 . a P ! (e i 5 =
) & Add Physics =~ A Mesh1 ~ ~Study 1 » @ Add Plot Group ~ | [ More Windows ~
Comgovnent @ Function Sweep Materials ~%Add Study Layout
Material Sweep ptry Physics Mesh Study Results
Study Reference
Optimization pos | [Broperties
3 W €5 N
: Parameter Estimation ’ﬂ L~ se@OoEN #@EN
Sensitivity pmpute C' Update Solution ! = ; ; i :
Study Steps ’ Study 1 127 i
Batch tudy Settings 117 -
| Batch Sweep
nerate default plots 2 L
Cluster Computing 10 P
nerate convergence plots /
| Cluster Sweep o / L
/
Show Default Solver | ’ L
Yo Get Initial Value 8 )
/ o
Delete Del 7]
Rename F2 &1 ) / L
/
Settings | v L
S >
Properties /
- 7 =
Help F1 4 /
4 78 Study 1 7 s -
|7 step 1: Stationary /"
4 7. Solver Configurations 27 P r
4[4 Solution 1 /
%4 Compile Equations: Stationa| = 17 /,/ r
uvw Dependent Variables 1 /
|7 Stationary Solver 1 o L
i Assemble 1
5, Job Configurations 17 L
4 {® Results T T T T T T T T
Data Sets -2 0 2 4 6 8 10 12
«L» Views M
essages Progress Log Table
4 &4 Derived Values i = B ’
System Matrix 1 fsd ANl = E -
2 point Evaluation 1
B Tables
W Force (truss)
I Stress (truss)
& Export L]
55 Reports =
“ . »
762 MB | 806 MB

mph - COMSOL Multiphys S )
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Transfer effect of known displacements to RHS, and delete columns:

10 0 O |ju, 0 (—10)><0+0><(—0.5)+0><0.4 0
0 10 10| u, |=]2|-| (-10)x0+(-10)x(-0.5)+0x04 |=|-3
0 10 15 U, 1 (—10}x0+(—'10)><(—0.5)+{—5)><0.4 -2
Solving gives

0 ]

-0.5
7 0
. !'1-3 — _0- 5 Complete the displacement vector with known values s = 0

0.4
Uy 0.2 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. 5000 0. A0 0 20000
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RESET HISTORY

Model Definitions Geometry

New Ctrl+N
Run Application
Open Ctrl+0
Recent 3
Model Libraries
Application Libraries
Open Recovery File
Save Ctrl+5

Save As

REVETU LD U

Compact History

O [M —

TN SeTve ¥
Help »
Licensed and Used Products

Preferences

Exit

A MeshT
Al size
4 |4 Edge 1
[ Distribution 1
4~ Study 1
E Step 1: Stationary
4 [Tr. Solver Configurations
4 [% solution 1
84 compile Equations: Stationa
uw¥ Dependent Variables 1
[3 Stationary Solver 1
i Assemble 1
5 Job Configurations
4 & Results
ata Sets
<L Views
4 5 Derived Values
System Matrix 1
&3 point Evaluation 1
4 [ Tables
P Table 1
B Force (truss)
W Stress (truss)
Export

Materials Physics Mesh Study Results 1D Plot Group 3 a
= Import 2 Truss - [E& Build Mesh = Compute M Force (truss) - [l Model Libraries E
d B % Add Physics | & Mesh1 ~ ~uStudy 1 + | {E Add Plot Group ~ | [5yMore Windows ~
Bui
Al Materials "2 Add Study Layvout
Geometry Physics Mesh Study Results windows
Settings  Properties b !
Point Evaluation e - Bn ®@@EHE ~H
= = Evaluate ~
| . . . . . .
Label:  Point Evaluation 1 12 o
ata 117 -
" Study 1/Solution 1 _ L
set: [ udy 1/5Solution 10
lection o L
Selection: | Manual | . L
1 =
: ® - | 7] '
Active B . L
<.
. L
e L
w Expression = G-
= L
Expression:
v 2] |
B Unit: 1 ol
m -
- o L
[C] Description:
Displacemnent field, y component 1] i
Parameters 2 0 > 4 3 & 10 12
" Name Valug Description — — Y -
trussrefpntx 0 Reference point f.. 9 °9 2g] |Table
trussrefpnty 0 Referencepointf..| [d & W T EEH B S B -
truss.refpntz 0 Reference point f.. - . . - . .
Displacement field, y compenent (m), Peint: 1 Displacement field, y component (m), Point: 2
-0.50000 10.40000
« Data Series Operation
v | Operation: | None v]
< mn 5
742 MB | 783 MB
B 6
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SAVE

AS M-FILE

Save As 2 &l

Definitions Geometry Materials Physics Mesh Study Results 10 Plot Group 3
[ New CulsN § = Import = Truss - @ Build Mesh = Compute W Force (truss) ~ [{li} Model Libraries |
&2 Run Application Szme % Add Physics  AMeshl - | ~aStudyl - {AJdPlot Group~ [ More Windows - l
Ul
v @ Layout
% Open Ctrl+0 All S % Add Study <
Ph Study Results )
ik ; m-file 2 X%t
[ Model Libraries Settings  Properties vs o
[l Application Libraries Point Evaluation Ly reecBn SN ~B3
¥ Open Recovery File * = Bvalute v
e — bel:  Point Evaluation 1 127 oL
! save As G i -
11
: ata set | Study 1/Solution 1 v| 5 | L
& Compact History loShudy = Ej 10 ‘
Client Server » Selection o |
Help » Selection: | Manual - o |
T Licensed and Used Products b T
Pref B - 7] [
bl Active B W " L
O et &
TAEVERT = L
_/._\l Size fg
« Bl edge oS0
8 Distribution 1 i ©® MMIrel v|4s | B o zu
4~ Study 1 ==
[7= Step 1: Stationary epgdl P4~ FrEc] -
4 ™=, Solver Configurations v s = o IS 2
4[4 Solution 1 g : & 8xmr| g g% 83 F28 e
54 Compile Equations: Stationa| Uniy B cigec 2o
i ?;;;endeﬂ!sv::b;« 1 m A2 AN B Administrator
& °“;’Zl° Ll muszs e
B, j0b Configurations - M CoLMAN | GeyERa
4 (& Results P - ). augmented lagrangian
¥ Data Sets < 4 topology optimi: Ju CODE
<L Views M ) ez i COMSOL(mph)
4% Ogﬂls"?d V"“M“ w & OneDrive s HMC
ystem Matrix 1 5 3 e
31 Point Evaluation 1 trus| g B Lovo st M
4 @ Tables & EromaE Ji Level-set rd-eq
B Table 1 s 2M ) MMA
W Force (truss) + H Beuoe ) Multi-matrial (3=)
IS stress (uss) = AR 1 nastran file
& export ~  Opep o ot ~ ki Obtistruct practice
$ n . M OjZ(N): Examplem
oy BAM: £ .
COMSOL Multiphysics Model File (*mph)
Application (~.mphapp)
- B0 $717) Model File for Java (*java)
Model File for MATLAS (*.m)




COMSOL M-FILE STRUCTURE
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& 5 !
| Qmzzn < v Bl & [ - - : “ .
ce 3 H r= il et Wt P EH passs & | desktop Z1tet S UL A
M2 EF] 7] HEF _ — o S8 =2 =23 2w gEJ«R_I— I _||__ = o
' ~ v =Y v BT v E0AT| 3] e ™ v g =3 I | L =T
o= = ] =oE e |
1 function out = model TD : E|‘ COMSOL 5 2 ‘th
2 | Ch 2a wi
|
j zExample.m : MATLAB Ol'ol_f_% AEI%IAl
3 % Mode| exported on Oct 16 2016, 05:11 by COMSOL 5.2.0,243, = : 71 L}2 MATLAB &#& 0|&
B o .
7 - import com.comsol . model, : OHOF%I-
g - import com.comsol.model util, =+ :
9 |
10 - mode| = MadelUtil .create('h‘lndel');| |
1 '
12 - mode | . mode | Path ' Co#Userstadnini st ratorfiDesktop’ ) :
13 |
14 — mode | .mode|Hode.createl compl ") I
15 :
16 — model . geom.createl geonl”, 2); |
17 |
8 - model . mesh.createl ‘meshl™, "geoml’): :
19 |
20 - mode | . geom{ ‘geonl ' }.create( 'bl’, 'BezierPolvgon'); |
2 |= mode | . geonl "geonl ). feature( b1 ). set{'p", £°0° "10°; "0 "0} :
22 - model . geomi geoml ). feature( b1 ). set{ w', {717 "1°}): |
28| = mode| . geoni ‘geonl' ). feature( 'b1' ). set( dearee’, {'1'}); |
24— mode | . geom{ ‘geonl ' ).create( 'bZ', 'BezierPolvgon'); :
25— mode | . geoml "geonl ). feature( b2 ). set('p", {7107 "10°; 0" 107 }H); I
26 - model . geomi geoml ). feature( b2 ). set{ w', {717 "1°}): |
27 - mode| . geoni ‘geonl' ). feature( b2 ). set( dearee’, {'1'}); :
2 - mode | . geom{ ‘geonl ' ).create( 'b3', 'BezierPolvgon'); I
29 - wode | . geom( geanl ). feature( B3 ). set{"p", 1°0° "10°; '0° 10 F); |
30 - mode| . geont ‘geonl’ ). featurel b3 y.set("w', {717 "1°}); :
& |= mode| . geoni ‘geonl' ). feature( b3 ). set( desree’, {'1'}); |
32— mode | . geont "geonl ). run; |
3 :
model Z |
!
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|ZCwUserswAdm|n|stratorWDesktopWExampIem_ L‘:' EI_I_JEE
By eI =) =je] © =
dh |9 H W <. J.\;ﬂ@ﬁc' > L@@ﬁﬁ"é% O3 |
azwsn @ me 2927 oS- FH% B zam ym wwz s sEAR
~ > v Ee8 v U v 5087 3] o 54 ~ - 7z - =3
oz EC =z zo e
10— model = ModelUtil createl Hodel 3; |
11
12 - model . mode | Path( C:#Usersitadninist ratoriDesktop’ s
13
14 - mode | . mode|Node.createl conpl ' );
15 -
16 - g : i
17
18 - made | . mesh.create{ ‘neshl’, "geoml )
19
a0 - model . geon( 'geom! ') .create( 1", 'BezierPolyson');:
g model . geom( geoml '}, feature( b1 J.set('p", {'0° "10°; '0° "0}
2 - mode | . geom(gsoml ). feature( bl Y oset{w . {71 1 H);
23 - made|.geom( asoml "), feature( bl ). set( dearee’, { R
4 - model . geon{ geom! ') . create( b2, 'BezierPolyson'):
5 - mode | . geom( ‘gsom! ). feature( b2 ). set{'p", {'10° 10°; "0 "10°});
2 - model . geom( geomt ). feature( b2 J.set("w', {"1° "1'}):
27 - mode | . geom(gsoml ). feature( b2 ). set( degres’, {°1°}):
28 - nodel . geon( geoml’ ). create( b3, 'BezierPalyaon');
2 - mode | . geom(gsom! "), feature( b3} set{p", {°0° "10°; 00 10°F);
a0 - model . geom( geom? ). feature( b3 J.set(w', {°1° "1'});
) model . geom( "geoml ). feature( b3 ). set( degree’, {"1'});
&= mode | . geom( " gsom! ). runs
33
34 - T T T T e ————
|- model.physics( truss').create( ' emn2’, 'Elastic’', 1J;
3 - mode | .physics( truss'). feature( ennZ' ). selection.set([1]):
a7 - model.physics( truss ).create( emm3’, 'Elastic’, 1J;
38 - model . physics( truss’ ). feature( enn3’ ). selection.set([3]]);
39 - model . physics( truss’ ).create( csd2’, 'CrossSectionBeanm’, 1);
40 - mode | .physics( truss'). feature( csd2' ). selection.set([3]);:
4 - model.physics( truss').create( csd3’, 'CrossSectionBeam', 1);
42 — mode | .physics( truss').feature( csd3’ ). selection.set([1]): -
AQalE 22 21 e 32
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model.geom £ &

COMSOL ZHA O A 24
St geometry N

1 9
model.physics
model.mesh
model.study
model.sol
model.result

& model F0| 20{%=
= o.||:|:-| X—IEE x-|)él--5|._7|_
U[eA| otet 7ts
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MC:W_Ufersi'mdmin]stratanD‘es_ldhopW-Example_m =B = mOdel reSUIt _|?|__|?|_0_”
. L
=271 =Sl & i = elimstiffness 7| table 1 0
|:|':::| - % Qo =7 <0 SN AT D L@ [ 4y na ([_f? I olgdE| 7He i=1¥e]!
- Lum » ofoas~ B % g A L oo O " | BT A= T
ME2TEI EF OHE sHE 22 =@ 3 Hlawm HE A7H I
- v Een v w7 v S0 5] b e ~ -~ nm =3 |
o B o SHE L ! !
134 - model.u;DEI('soll').runMI; - 8 || : mOdelreSUIttable( tbll )ge
135 | tReal HHO| £ table 1 9]
136 — mode | . result.numerical {“sysl ). set( format’, “filled ): =
137 — model . result.numerical {'swsl' ). set{ matrixassen’, ‘elimnstiffness’'); : EIlOlE-IE X-|IOF
138 - mode | . result.numerical (sysl ). set( table', "thl1'); :
139 - model . result.numerical { pevl ). set{ expr', v );: I
140 — model . result.numerical {pev!’ ). set( descr', ‘Displacement field, v component ' ); |
141 - model.result.numerical { pevl ). set{ table', "thl2'); :
142 — madel . result.numerical {'swsl' ). setBesult; |
143 — model . result.numerical {'pevl ') setResult; |
144 — model.result({ pal ). label{ Force (truss) ): I
145 — model . result({ pal ), feature(’ linel ') . set( tuberadiusscale’, '0.042156294610216236° ) ; :
146 — model . result{ pal ), feature( linel ). set({ expr’, ‘truss.Hxl'); |
147 - model . result{ pal ). feature( linel J.set{ resolution’, ‘extrafine’): I
148 — model . result( pal ), feature( [inel ) .set( linetvpe', ‘"tube'};: :
149 — model.result({ pal ). feature( linel J.set{ radiusexpr’, ‘sart(truss.area/pi)’); |
160 — madel . result{ pal ). feature( linel ). set{ unit’, "H'J; I
181 — mode | . result(‘pal’ ). feature( linel ) set( 'descr’, "Local axial force'); :
152 — model.result({ pal’ ). feature( linel J.set{ tuberadiusscaleactive , falsel; |
163 — madel . result{ pal ). feature( linel ). featuref defl’ ). set{ scale’, "1, B56553381770518"); I
164 — model . result{ pal ), feature(’ linel ). featuref defl’ ). set{ scaleactive’, false): :
185 — model . result( pa2 ). label{ Stress (truss)'J: |
156 — model . result( pa2' ), feature( [inel ) .set({ expr’, 'truss.sn'); I
167 — model . result( paz' ), feature( linel ).set( resolution’, ‘extrafine’): :
158 — model . result( paz’ ). feature( linel ).set( linetvpe , "tube ): |
189 — model.result({ po2' ). feature( |inel J.set({ radiusexpr’, 'sart(truss.area/pi)’); |
160 — model . result( po2’ ), feature( linel }.set{ unit ., "M/m"2" ): :
161 — madel . result( pa2’ ). feature( linel ) .set( 'descr’, “Awial stress at center line'): |
162 3 I
163 % out = model; :
164 |
165 — stiffness_matrix = model.result.tablel thl1").getReal; |
166 - :
AJ2E cHpl 151 8 52 :
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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
® compare with COMSOL result



