EXTE ey

Simulink 7| X
2"d order system

Computational Design Laboratory
Department of Automotive Engineering
Hanyang University, Seoul, Korea

AT, Computational
:‘- ?_!'%;[ﬂg-l'l—d 'C DL Design
Mpd®  HANYANG UNIVERSITY Lab

Convriaht © 2016 Combputational Desian | ab. All riahts reserved



~CONTENTS A

 QOverview

 Simulink Environment

« Commonly Used Blocks
« 2nd grder system
 Model Based Design

« (Case Study

 Assignment

Convriaht © 2016 Combputational Desian | ab. All riahts reserved



" OVERVIEW A

 Simulation and Model-Based Design

Block diagram environment for multi-domain simulation and

Model-Based Design

Integrated with MATLAB, enabling to incorporate MATLAB
algorithms into models and export simulation results to
MATLAB for further analysis

Video : Simulink Overview
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COMMONLY USED BLOCKS

I[@O]\ Description
3 |geea

Constant
> - ga
- y(output)=a*u(input), a : gain
ain
1
Ao P e p SV y:judt,D|—l'?'_-7|:y:d—u
Integrator  Derivative dt

. Ax

Sl I (I R g VST PO TP
Product Divide Surn

;.ﬂ.MD } ; = >

Logical  Relational
COperator Operator

Lt521, E5k7], 7))

1

H| & (and, or, less than, more than, equal)

) > — —_

A ol AlS EO| K|St

Saturation

il’ AS - HIE| SHA, IE - AlS 23

Pux Demux

1-D Tiu) 2.0 Tju)
u

) ‘ — B~ -t
SR/ | ol e S22 ARHOl Bol3 table(1-D) E= map(-D)of ofH X ol

1-D Lookup 2-D Lookup
Table Table

LV

) Fu) rd

U CHS 28 MSE AEXIE XY sh0f 2fsl F2

—

Fcn

11
Convriaht © 2016 Combputational Desian | ab. All riahts reserved



COMMONLY USED BLOCKS

1P

Constant

>

Gain

=5

Block Parameters: Constant

]

.
Block Parameters Gain

Constant

Output the constant specified by the 'Constant value' parameter, [f
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is
on, treat the constant value as a 1-0D array, Otherwise, output & matrix
with the same dimensions as the constant value.

Gain

Element-wise gain {y = K.+u) ar matrix gain (y = K=u or y = usK).

ain | Signal Attributes | Parameter Attributes |

Gain:

Main | Signal Atiributes 2

Constant value:

c Multiplication: |Element-wiselK, =u) A
Interpret vector parameters as 1-0
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COMMONLY USED BLOCKS

b
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Block Parameters: Integrator

Integrator

Continuous-time integration of the input signal.

Block Parameters: Derivative

Derivative

@

Wumerical derivative: duy/dt.

Parameters Parameters
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COMMONLY USED BLOCKS

3 <

Froduct

Block Parameters: Product
Product

Multily or divide inputs. Choose element-wise or matrix product and
specity one of the following:

a) = or / for each input port, For example, ++/+ performs the operation
‘uleuZ/udud’

b} scalar specifies the number of input ports to be multiplied.

If there is orly one input port and the Multiplication parameter is setto
Element-wise(.+), a single = or / collapses the input signal using the
specified operation. However, if the Multiplication parameter is setta
Matrix(=), a single + causes the blockto output the matrix unchanged,
and & single / causes the hlzeaRutout the matrix inverse.

Signal Atrlbutes

Number of inputs:
2
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Ex1) Input Port 4
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>
b
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Product

WMultigly or divide inpute. Choose element-wise or matrix product and
specify one of the fallowing

a) = or / for each input port, For example, ==/~ performs the operation
‘uleuZ/ugud’,

b) scalar specifies the number of input ports to be multiplied.

If there is orly ane input port and the Multiplication parameter is set to
Element-wise(.=), a single = or / collapses the input sianal using the
speciiied operation. Hawever, if the Mulliplication parameter is setto
Matrix(=), 2 single » causes the-Hesk to output he matrix unchanged,
and a single / causes the blod St the matrix inverse.
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Block Parameters: Sum

Add or subtract inputs. Specify one of the fallowing:

a) string containing + or - for each input port, | for spacer between
ports (2.9, ++|-1++)

b) scalar, >= 1, specifies the number of input ports to be summed,
YWhen there is only one input pont, add ar subtract elements over all
dimensions ar one specified dimension

Main | Signal Atrbutes | <7 )
k

lcon shape! ‘ruund ﬁ 3 J -
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List of signs:

|++
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COMMONLY USED BLOCKS

)
J
Logical

Operator

AND 3

Block Parameters: Lagical Operator

Lagical Operatar

Main | Data Type

Logical operators, Far a single input, operators are applied across the input vector, For |

multple inputs, operators are applied across the inputs.
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Block Parameters: Relational Operator

i
d | Relational Operator

input corresponds to the first operand.

bain Data Type

Applies the selected relational operator to the Inputs and outputs the result. The top (ar left)
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COMMONLY USED BLOCKS

Upper/lower limit & &

A b

Saturation

Block Parameters: Saturation E

Saturation

Block Diagram 1

Limit input signal to the upper and lower saturation values.
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5 21} 2ol
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=5

V| Treat as gain when line: =]

V| Enahle zero-crossing detection

7] 0K [ cancel |[ Help ][ Apply
b 4+ Sc0pel o [ ) ]
| file Took Wiew Sjmulation Help "l
lo- 4@r®| - |a-0-|F&#-
P, untitled * - Simulink academic use = | B |
Eile Edit Wiew Display Diagram Simulation Analysis Code Tools Help
B-o-8 ¢ "B Pb = B0 -
untitled
® |[*a|untitled A
@&
E3 P _ - escy 110000
1 LS Yy, =min(5,t)
= Constant Integrator Saturation Scope & Scope Lo @
He Ioos view simulaton Help M
@- P8 2| aA-0-|FA- !
I:‘ Scopel
i@ 1
w»
Ready 100% autofode4s)

Ready T=10.000

16
Convriaht © 2016 Combputational Desian | ab All riahts reserved



COMMONLY USED BLOCKS

ST

Dermux

-
Block Parameters: Mux -

-
Block Paramaters: Demux

kL=

bultiplex scalar or vector signals.

Parameters

Murmnber of inputs:

Dermux

Split vector signals into scalars or smaller vectors, Check 'Bus
Selection Mode' to split bus signals.

Parameters

Hurmber of outputs:
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COMMONLY USED BLOCKS

Table X}2l Q=

Block Parameters: 1-0 Lookup Tabl
Lookup Tahle (n-0)

Perorm n-dimensional interpolated table lookup including index searches. The table is a sampled representation
of a function in N variables, Breakpoint sets relate the input values to positions in the table, The first dimension
corresponds to the top (or left) input port.
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COMMONLY USED BLOCKS

> SLEA
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2ND ORDER SYSTEM

x(t)
o

&H dt
C

m=9.072 kg , c=200 kg/s, k=889.96 N/m, y(0)=0.15 m

X Analytic Sol.
y(t) = 0.2463e 519t _( 09630158
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2ND ORDER SYSTEM
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2ND ORDER SYSTEM
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2ND ORDER SYSTEM
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2ND ORDER SYSTEM
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2ND ORDER SYSTEM
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MODEL BASED DESIGN
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MODEL BASED DESIGN
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MODEL BASED DESIGN
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MODEL BASED DESIGN
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MODEL BASED DESIGN
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~CASESTUDY A

2-DOF system
i;_---—» F,(t) = 3 cos 2t m]_ = 9 kg’ m2 = lkg

| AAAAAL k,=24N/m,k, =3N/m
i I T ¢, =2.4Ns/m,c, =0.3Ns/m
€2 F, (t) =3cos 2t
- - ~
X X X Ref. : Daniel J. Inman, “Engineering Vibration”,
Prentice Hall International, Inc., pp 296-298, 2001
m,X, = _kz (Xl - Xz) —G, (Xl - Xz) - klxl —CX, 3 Id'sp' | | | o el
File Teoecls View Simulation Help N

m,X, =K, (X; —X,) +C,(X; —X,) + F(1) o [sorve s B E fa

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

@—.‘ 3"::}5{2'”:' Fi LREEUY Offset=0 |T=100.000
Clock Fen
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ASSIGNMENT(3WEEK ODE)

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

common. A transient current is established in the right-hand loop of the circuit shown

Fig. 28.11 when the switch is suddenly closed. E — E Sln (a)‘t)
Equations that describe the transient behavior of the circuit in Fig. 28.11 are based o 0

Kirchhoff’s law, which states that the algebraic sum of the voltage drops around a close L . 2 H

loop is zero (recall Sec. 8.3). Thus,

,H‘Il‘: 1+ Ri L/ E(t) =10 28 ¢ EO - 5 V

1 C
where L(di/dt) = voltage drop across the inductor, L = inductance (H), R = resistan C = 025 F
(£2). g = charge on the capacitor (C), C = capacitance (F), E(r) = time-variable voltage
source (V), and ) = 5 rad/S
) dg
= .1 R =30hm

(@ =l e s | (@ q o o e S

File  Tools Wiew Simulation  Help L] File Tools View Simulation Help El

G-l ® | =-a-B-|FF- @-lA0P® - a-C- F@&-
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