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AC/DC MODULE

ELECTRICAL

AC/DC
Maodule

RF
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MEMS
Module

Plasma
Module

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
maore deformation.
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Boiling Water

This model studies the film boiling 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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Model Wizard

The Model Wizard will
guide you in setting up
the space dimension,
physics, and study type,
a few steps

ex) 3D — Solid Mechanics
(solid) — Stationary
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e Mathematics module

v Coefficient form PDE

v' PDE Interfaces
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COEFFICIENT FORM PDE

Equation of coefficient form PDE

2
o u cu :
e—~+d,— +V-(—eVu-ou+y)+p-Vu+au=f inQ where
a 3#2 agt
T * 0 is the computational domain—the union of all domains
n-(cVu+ou—y)+qu -g- h K oncQ * 80 is the domain boundary
. 1 A . T
L 0=R oné0 n is the outward unit normal vector on 6Q)
2 c ) TABLE 16-1: CLASSICAL PDES IN COMPACT AND COMPONENT NOTATION
E“E} g,+f£{‘au V. (eVu +‘;$Eftlﬁ“+ B-Vu+au =f EQUATION COMPACT NOTATION COMPONENT NOTATION (2D)
of %{umpingf Convection Laplace’s eauation -V (Vu) = 0 o dw _,
Mass Mass - Source dxdx dydy
Diffusion Source Poisson’s eguation -V (eVu) = _f 7 D D du
| _(hl ﬂtJ ﬁ\pd_vJ =f
Helmholtz equation -V (eVu)+au = f df duy Of ou
-——le—|-=—le—|+au = f
de\dx/  dy\ay/
Heat equation u du o7 duy o du
1 V- (eVu) = g =
kl_/ dyss {eVu) = f dyss ax(rar I\ riy]
Conservative Flux Absorption Wave equation dz dz s )
u " ' u [ i
. V-(eVu) = > —|e=— =
rﬂ';l.f_‘Z evar =1 rnl;i.'2 dx' {r).lJ rh‘ dv] f
Convection- diffusion eguation du du 7 (-
d —=-V-(eV Vu = o L
age (cVu)+p-Vu = f d""r}." ?}T(CFF* _..'L r]',]
du du
9y + 1'(]_:.. =f
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PDE INTERFACES
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PDE INTERFACES
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« ODE examples

v Example 25.5

v Example 28.2: predator-prey model
v Example 25.14

v’ Example 27.10

v' Previous case study |

v' Previous case study Il
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EXAMPLE 25.5

@ ODE &<~ Of X

@ ordinary differential equation
y'=4e"" —0.5y
initial condition
t=0,y=2
analytic solution

4 - _
(eO.St _e o.5t)+ 205t

Y=E

21
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ANALYSIS FLOW

Setting RS __1  Solving k== Post-process O

definition

v' Dimension selection
v Physics selection
v’ Study type selection
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ANALYSIS FLOW

ODE  pum | _
definiton - Post-process | 4

v' Geometry creation
v’ Coefficient input
v' Initial value input

L Setting
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GEOMETRY CREATION
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GEOMETRY CREATION
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ANALYSIS FLOW
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TIME RANGE INPUT
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« ODE examples

v Example 25.5

v Example 28.2: predator-prey model

v Example 25.14
v’ Example 27.10
v' Previous case study |

v' Previous case study Il
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CAE

EXAMPLE 28.2

Predator-prey model
developed by the Italian

mathematician Vito
Volterra and the American
biologist Alfred J. Lotka.

HO[A=0f 2ot D=2

Al
~

[ predator — prey model]

nonlinear ordinary differential equations
a = the prey growth rate

ay, —ay, —by,y, ¢ = the predator death

dt @ rate

dy, q b=d= the rate

at —Cy, + 0y, Y, characterizing the effect of

the predator-prey
interaction on prey death
and predator growth

a=12b=0.6,c=0.8,d =0.3
initial condition
t=0,y,=2y, =1
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EXAMPLE 28.2

8~ x, prey
y, predator

Parameters: change of magnitudes of peaks, lags, period

y 4
AR |
[state-space representation |
L XY o5 (xy)=(0,0)and L2
Criti dt dt db
ritical
/ point 0.8 1.2 ) . .
2 - —,—— | populations will remain constant
0.3 0.6

0 1 1 1 | | I

0 2 4 6 x
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TIME RANGE INPUT
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« ODE examples

v Example 25.5
v Example 28.2: predator-prey model

v Example 25.14

v’ Example 27.10
v' Previous case study |

v' Previous case study Il
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CAE

EXAMPLE 25.14

Adaptive ODE solver & &

dy 1 s/m?

ordinary differential equation O|Z=7| 9|3t O] S atx Al
d —~(t=2)?1] 2(0.075Y? |
Y _ g0 07T g gy '

dt @EHE%I JEREE

Initial condition |
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t=0,y=05 i
|
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¥ i
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%+dg—u+? (~eVu-au+y)+f-Vutau=r o Ll el i
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|
a 06 1/m? |
. |
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|
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EXAMPLE 27.10

Dependent Variables

Dependent Variables

Field name:
Mumber of dependent variables:
Dependent variables:

Coefficient Input
8u du

e—+d:e—+ V- [-cVu-au+y)+ - Vuo+ au=r

T T

* Source Term

uZ
f

= Damping or Mass Coefficient

d 1 sl,fmz '|:|'
= '|:|' sl,fmz 1

X
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[Van der Pol equation]

2
81y ) Py =0

dt? dt

initial condition

t=0,vy, =1 %:1
d
%%=ﬂ@—ﬁ)n—m

Initial Value Input

w Initial Values

Initial value for ul:
ul 1
Initial value for uz:
Lz 1

2

Time Range Input

1im
L/m? w Study Settings
Time unit: 5
s/m?2 Times: range((,0.1,20)
s/m?

CAE

@ stiff ot A =7F mu 240 o}

2tA #SH= van der Pol
| equation.

@E%‘%‘ e

0Ok

=2
=
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Time Dependent
= Compute C' Update Solution
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E_\E Step 1: Time Dependent I
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a [B Results
Data Sets
&3F Derived Values
FH Tables
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Y Point Graph 1
P Point Graph 2

Flot

Plot group: | 1D Plot Group 1 -

Update at: Times stored in cutput -
Probes: All -
Update at: | Times stored in output -
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] modify physics tree and variables for study step

Physics interface Solve f Discretization

Coefficient Form PDE () 4 Physics setting: =

Values of Dependent Variables
Mesh Selection

Study Extensions

0 5 10 15 20
Time (s)

Messages | Progress Log

\
b

Mumber of degrees of freedom solved for: 62 (plus 4 internal DOFs).
Solution time (Solution 1 (50l1)): 6 5.

Mumber of degrees of freedom solved for: 62 (plus 4 internal DOFs).
Solution time (Study 1): 6 s.

1.11 GB | 1.17 GB
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Step 1: Time Dependent
— Result While Solving
— Plot §[3 £ Compute
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Humber of degrees of freedom solwved for: 62 (
Nonaymmetric matrix found.
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Dependent wariable u2 (compl.ul)

1
1

Point Graph: Dependent variable ul (1)
Point Graph: Dependent variable u2 (1)
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Time (s)

Messages | Progress Log

\
b

Mumber of degrees of freedom solved for: 62 (plus 4 internal DOFs).
Solution time (Study 1): 6 s.

Mumber of degrees of freedom solved for: 62 (plus 4 internal DOFs).
Solution time (Solution 1 (sol1)): 5 s.

1.11 GB | 1.17 GB
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Mumber of degrees of freedom solved for: 62 (plus 4 internal DOFs).
Solution time (Study 1): 4 5.

1.16 GB | 1.21 GB

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved

range(0,0.1,2000)2. 2 4
— Compute

54



PLOT GROUP DISABLE

e e HR > BolDE
Home Definitions Geometry Materials Fhysics Mesh Study Results
N ® h, * & N\ e K
Plot  Plot Line Point Global Table Histogram  Ray Nyﬁumt Far  Octave  Mesh
In~ Graph Graph Graph Field Band Plot
Plot Add Plot
Model Bu Settings
- 1 Point Graph
i - Plot
itled.mph froot) .
Label:  Point Graph 2
Global Definitions oint srap
i Materials ~ Data
Component 1 fcompi)
= Definitions Data set | From parent ~| |3
pay Geometry 1
— Interval 1 7 =
Plot F8
Form Union
52 Materials Plot In b =
Au Coefficient Form, : 1
Color Expression
2 Cosfficient F & ! J =
D .7erp Flux 1 | M3 Add Plot Data to Export EE
E— |nitial Walues, ) [a]
»
A Mesh 1 Copy as Code to Clipboard &
Study 1 T Move Up Ctrl+Up
E Step 1: Time De|
[fre Solver Configur, B} Copy
4 [ solution 1 ¢ [ Duplicate R
Bu 4 . _
54 Compile I Delete Del
uw Depend
14 Time-Def| @ _ Disable F3
Results =[ Rename F2
i Data Sets
32 Derived Values EEflings .
Tables Properties
" 1D Plot Group 1
oo Help F1
b Point Graph 2 "
Title
E_@ Reports
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Mumber of degrees of freedom solved for: 62 (plus 4 internal DOFs).
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CASE STUDY |

Electric circuits where the current is time-variable rather than constant are

common. A transient current is established in the right-hand loop of the c¢ircuit shown in
Fig. 28.11 when the switch is suddenly closed.

Equations that describe the transient behavior of the circuit in Fig. 28.11 are based on
Kirchhoff’s law, which states that the algebraic sum of the voltage drops around a closed
loop is zero (recall Sec. 8.3). Thus,

4

di ‘ o
L— + Ri 4 E{t)y =0 (28.9)
dt C

where L(di/dt) = voltage drop across the inductor, L = inductance (H), R = resistance
(£2), g = charge on the capacitor (C), C = capacitance (F), E(7) = time-variable voltage
source (V). and
dg

;= (28.10)

dt

Equations (28.9) and (28.10) are a pair of first-order linear differential equations that can
be solved analytically. For example, if E(r) = Eq sin wi and R = (),

) En [£3 E(, . .
git) = ————-—smpt + ———— sinwi (28.11)

Lips—w) p L(ps — w*)
An electric circuit where the current varies with time.

E(1)

.._._—\’\ﬂ S ":/.

Switch ®
Battery = V, Capacitor = Inductor
+ + —

Resistor

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved

E = E,sin(ot)
L=1H
E,=1V
C=025C

o° = 3.5 rad/s’
R=0

a=Y
dg _dy,
dt dt

=Y,
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CASE STUDY I:

RESULT

Capacitor

Current

b Graphics
7
4]
5
4
=) 3
™
= 2
@
E 1
c 0
£ 1
2 2
5 K
@ -3
(]
-4
-5
-8
-7
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CASE STUDY I

Background.  Mechanical engineers (as well as all other engineers) are frequently faced

with problems concerning the periodic motion of free bodies. The engineering approach to
such problems ultimately requires that the position and velocity of the body be known asa
function of time. These functions of time invariably are the solution of ordinary differen-
tial equations. The differential equations are usually based on Newton's laws of motion.

As an example, consider the simple pendulum shown previously in Fig. PT7.1. The
particle of weight Wis suspended on a weightless rod of length /. The only forces acting on
the particle are its weight and the tension R in the rod. The position of the particle at any
time is completely specified in terms of the angle ¢ and /.

The free-body diagram in Fig. 28.16 shows the forces on the particle and the acceler-
ation. It is convenient to apply Newton’s laws of motion in the x direction tangent to the
path of the particle:

o 14

XF=—-Wsinf = —a

©
S

where g = the gravitational constant (32.2 ft/s?) and « = the acceleration in the x direction.
The angular acceleration of the particle () becomes

IGURE

Therefore, in polar coordinates (o = d’6/dt?),
wing = V! Wi d*o \ .‘
/siné = o = -
g g dr? /

or Ijr

d*0 ) W )
+%ainé‘:() (28.13)

di’®

This apparently simple equation is a second-order nonlinear differential equation. In gen-
eral, such equations are difficult or impossible to solve analytically. You have two choices
regarding further progress. First, the differential equation might be reduced to a form that
can be solved analytically (recall Sec. PT7.1.1), or second, a numerical approximation

technique can be used to solve the differential equation directly. We will examine both of

these alternatives in this examnle.

sinfd =~ 6
g =9.81 m/s’
6, =nl4
| =0.6096 m

0=y,

dé d

40 _d _\
dt dt

2

9% L 9ginp =0
dt* |
dy, g .
— = ——SINn
AT TR

IR

dy,
dt
dy, ¢
| dt |

=Y,
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CASE STUDY II: RESULT

0 do
dr [~
=
[t | 1 0 [===)i= |
{
1= il

-0.8 -

¢l Graphics

@ qQ @ | LUl E |

Point Graph: Dependent variable ul (1)
Point Graph: Dependent variable uz (1)

| W 1 At 1 e 1 ;\ | W 1 L= N L
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Time
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ASSIGNMENT(3RP WEEK: ODE)

2-DOF system

| Fy(1) = 3 cos 2t

ny 1y

— ° -

X X>

mlxl = _kz(xl - Xz) - Cz (Xl - Xz) - k1X1 _C1X1
mzxz = kz(xl _ Xz) + Cz (Xl - Xz) + F(t)
X Analytic Solution (Steady State)

X, (t) = 0.2451cos(2t —0.1974) — 0.6249sin 2t
X, (t) =0.7354 cos(2t —0.1974) +1.8749sin 2t

FZ
®—p- 3*cos| 2°0) Fi
Clock

Fen 2

m, =9kg,m, =1kg
k,=24N/m,k, =3N/m
c,=2.4Ns/m,c, =0.3Ns/mm

F,(t) =3cos 2t

X Ref. : Daniel J. Inman, “Engineering Vibration”,
Prentice Hall International, Inc., pp 296-298, 2001

4| disp.

=== <

File Tools View

Simulation  Help

B |EE-|FE-

Offset=0 T=100.000
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ASSIGNMENT(3RP WEEK: ODE)
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