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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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MODULES www.comsol.com



Copyright ©  2019 Computational Design Lab. All rights reserved.

CAE

5

AC/DC MODULE
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HEAT TRANSFER MODULE
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CFD MODULE
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MULTIPHYSICS
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• COMSOL desktop

 Toolbars & Ribbon tabs

 Windows

 Physics

 Study types

 Setting flow

 Setting result
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CREATING NEW MODEL

Blank Model

The Black Model 
option will open the 
COMSOL Desktop 
interface without any 
Component or Study.
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TOOLBAR & RIBBON TABS
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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WINDOWS
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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WINDOWS
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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SETTING FLOW
Model Wizard

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

실제 모델링 전 진행 과정

1. Dimension 선택

2. 해석 물리현상(physics)
선택

3. 해석 조건(study) 선택

ex) 3D – Solid Mechanics 
(solid) – Stationary



Copyright ©  2019 Computational Design Lab. All rights reserved.

CAE

15

SETTING RESULT
전 페이지에서 선택한
setting 결과

3차원

Solid mechanics

Stationary
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• Mathematics module

 Coefficient form PDE

 PDE Interfaces
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COEFFICIENT FORM PDE

Equation of coefficient form PDE
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PDE INTERFACES

Model Wizard → 1D 클릭

모듈 선택 메뉴에서
Mathematics - PDE 
Interfaces 를 클릭

PDE Interfaces 는 PDE 를
풀기 위한 physics 모음

5가지 physics 선택 가능

Coefficient form PDE (선택)
General Form PDE
Wave Form PDE
Weak Form PDE
Lower Dimensions

Add 클릭

Done 클릭
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PDE INTERFACES
Model builder 창 tree 에서
Coefficient form PDE 선택

Equation 탭 메뉴를 확장시
키면 독립변수 t, x 와 종속
변수 u 에 대한 수식이 나옴

수식 안에 있는 계수들의 값
을 입력할 수 있는 창
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• ODE examples

 Example 25.5

 Example 28.2: predator-prey model

 Example 25.14

 Example 27.10

 Previous case study I

 Previous case study II
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EXAMPLE 25.5
ODE 함수 예제

 

0.8

0.8 0.5 0.5

ordinary differential equation

' 4 0.5

initial condition

0, 2

analytic solution

4
2

1.3

t

t t t

y e y

t y

y e e e 

 

 

  
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ANALYSIS FLOW

Setting
ODE 

definition
Solving Post-process

 Dimension selection

 Physics selection

 Study type selection



Copyright ©  2019 Computational Design Lab. All rights reserved.

CAE

23

SETTING
Model Wizard → 1D
→ Mathematics - PDE 
Interfaces – Coefficient 
form PDE 선택
→ Add 클릭

Study 클릭

Time Dependent 선택 후
Done 클릭
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ANALYSIS FLOW

Setting
ODE 

definition
Solving Post-process

 Geometry creation

 Coefficient input

 Initial value input
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GEOMETRY CREATION
Geometry 1 메뉴를 마우스
우클릭

Interval 클릭
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GEOMETRY CREATION
Left endpoint 에 “0”
Right endpoint 에 “1”
값을 입력

Build selected 클릭
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COEFFICIENT INPUT
Coefficient Form PDE 1
선택

 
2

0.8

2
4 0.5t

a

u u u
e c u u u au e u

t t
d

t
f  

  
             

 

0.8

1

4 0.5

a

t

d

f e u



 

계수 값 입력 (나머지 0)
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INITIAL VALUE INPUT
Initial Values 1 메뉴 클릭

u 창에 “2” 입력
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ANALYSIS FLOW

Setting
ODE 

definition
Solving Post-process

 Mesh creation

 Time range input

 Compute
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MESH CREATION
Mesh 1 메뉴 클릭

Build All 클릭
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TIME RANGE INPUT
Study 1 → Step 1: Time 
Dependent 메뉴 클릭

Times: 창에
“range(0,1,4)” 입력
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COMPUTE
Study 1 메뉴 선택

Compute 클릭
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ANALYSIS FLOW

Setting
ODE 

definition
Solving Post-process

 Result plot
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RESULT PLOT
1D Plot Group 1 우클릭

Point Graph 클릭
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RESULT PLOT
왼쪽 point 클릭

Selection에 “1” 확인

Plot 클릭
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RESULT PLOT
기존 Line Graph 1 삭제
(우클릭 → Delete 또는
선택 후 “Del” 키)

결과 그래프 확인
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• ODE examples

 Example 25.5 

 Example 28.2: predator-prey model

 Example 25.14

 Example 27.10

 Previous case study I

 Previous case study II
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EXAMPLE 28.2
Predator-prey model 
developed by the Italian 
mathematician Vito 
Volterra and the American 
biologist Alfred J. Lotka. 

먹이사슬에 관한 미분방정
식

a = the prey growth rate
c = the predator death 
rate
b=d= the rate 
characterizing the effect of 
the predator-prey 
interaction on prey death 
and predator growth

 

1

1 1 2

2

2 1 2

1 2

predator prey model

nonlinear ordinary differential equations

   

1.2, 0.6, 0.8, 0.3

initial condition

0, 2, 1

dy
ay by y

dt

dy
cy dy y

dt

a b c d

t y y




 


   


   

  



Copyright ©  2019 Computational Design Lab. All rights reserved.

CAE

39

EXAMPLE 28.2

 

   

state-space representation

0 , 0,0  and ,

0.8 1.2
,  populations will remain constant

0.3 0.6

dx dy c a
x y

dt dt d b

 
     

 

 
 
 

Parameters: change of magnitudes of peaks, lags, period
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SETTING
1D → Coefficient form PDE 
선택 → Add 클릭

Study 클릭
→ Time Dependent 선택
→ Done 클릭

Number of dependent 
variables: “2” 입력
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COEFFICIENT INPUT
전 예제와 동일한 방식으로
geometry 생성

Coefficient Form PDE 1에
계수 입력

종속변수가 2개 이므로
벡터 또는 행렬로 입력 됨
(나머지 0)

1 1 2

2 1 2

1 0

0 1

1.2 0.6

0.8 0.3

ad

u u u
f

u u u

 
  
 

 
  

  
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INITIAL VALUE INPUT
Initial Values 1 클릭 후
u1: 2, u2: 1 입력
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TIME RANGE INPUT
Step 1: Time Dependent 메
뉴 선택 후
Times: range(0,0.1,20) 입력

이 후 Study 선택 후
Compute 클릭
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RESULT PLOT
두 개의 Point Graph 생성
(Expression에 u1, u2 입력)

결과 그래프 확인
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• ODE examples

 Example 25.5

 Example 28.2: predator-prey model

 Example 25.14

 Example 27.10

 Previous case study I

 Previous case study II
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EXAMPLE 25.14
Adaptive ODE solver 를 보
여주기 위한 미분방정식

   
2 2

2 / 2 0.075

ordinary differential equation

10 0.6

initial condition

0, 0.5

tdy
e y

dt

t y

      

 

Coefficient Input Initial Value Input

Time Range Input

모델링 입력 항목
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RANGE INPUT
range(0,1,4) 로 입력할 경우
step size 가 상대적으로 큼

결과 그래프에서 데이터는
step size 1 로 결정이 됨
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ADAPTIVE OPTION SELECTION
Time-Dependent Solver 1 
메뉴 선택

Times to store: Steps taken 
by solver 변경

step size 가 adaptive 하게
변경이 됨
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• ODE examples

 Example 25.5

 Example 28.2: predator-prey model

 Example 25.14

 Example 27.10

 Previous case study I

 Previous case study II
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EXAMPLE 27.10
stiff 한 정도가 mu 값에 따
라서 변하는 van der Pol 
equation.

 

 

 

2

21 1

1 12

1

1

1

2
convert process

22

1 2 1

Van der Pol equation

1 0

initial condition

0, 1, 1

1

d y dy
y y

dtdt

dy
t y

dt

dy
y

dt

dy
y y y

dt





   

  





   


Coefficient Input

Initial Value Input

Time Range Input

모델링 입력 항목

Dependent Variables


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TIME DEPENDENT OPTION
Step 1: Time Dependent
→ Result While Solving
→ Plot 체크 후 Compute
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ADAPTIVE OPTION SELECTION
Time-Dependent Solver 1 
메뉴 선택 → Steps taken 
by solver 선택

Print step size 비교
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STIFF COEFFICIENT INPUT
mu 값을 1000으로 변경


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TIME RANGE INPUT
range(0,0.1,2000)으로 변경
→ Compute
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PLOT GROUP DISABLE
Point Group 2 우클릭

Disable 클릭
(u2의 경우 stiff한 구간에서
값이 급격하게 증가하기 때
문에(결과 그래프 참조) u1
결과를 동시에 확인 어려움)
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RESULT PLOT
결과 확인

stiff 한 시스템인 경우 시간
이 소요되는 부분은 기울기
가 급격히 변화하는 부분임
을 확인

옵션에 따른 결과 확인
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• ODE examples

 Example 25.5 

 Example 28.2: predator-prey model

 Example 25.14

 Example 27.10

 Previous case study I

 Previous case study II
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CASE STUDY I
 

 

 

 

0

0

2 2

1

1

2

2 1

1

2

2 1

sin

1 H

1 V

0.25 C

3.5 rad/s

0

0

1

1

E E t

L

E

C

R

q y

dydq
i y

dt dt

di q
L Ri E t

dt C

dy y
E t Ri

dt L C

dy
y

dt

dy y
E t Ri

dt L C



















  

   

 
    

 







       
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CASE STUDY I: RESULT
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• ODE examples

 Example 25.5 

 Example 28.2: predator-prey model

 Example 25.14

 Example 27.10

 Previous case study I

 Previous case study II
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CASE STUDY II

2

0

1

1

2

2

2

2

1

2

1

1

2

2

1

sin

9.81 m/s

/ 4

0.6096 m

sin 0

sin

g

l

y

dyd
y

dt dt

d g

ldt

dy g
y

dt l

dy g
y

dt l

dy
y

dt

dy g
y

dt l

 

 


















 

 

  

  





  

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CASE STUDY II: RESULT
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ASSIGNMENT(3RD WEEK: ODE)

2-DOF system

1 2

1 2

1 2

2

9kg, 1kg

24 N/ m, 3N/ m

2.4 Ns/ m, 0.3Ns/ m

( ) 3cos 2

m m

k k

c c

F t t

 

 

 



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

1 1 2 1 2 2 1 2 1 1 1 1

2 2 2 1 2 2 1 2

m x k (x x ) c (x x ) k x c x

m x k (x x ) c (x x ) F(t)

      

    

※ Analytic Solution (Steady State)

1

2

( ) 0.2451cos(2 0.1974) 0.6249sin 2

( ) 0.7354cos(2 0.1974) 1.8749sin 2

x t t t

x t t t

  

  

2F
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ASSIGNMENT(3RD WEEK: ODE)


