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Introdugio

Introducdo

Esta aula é para ser ministrada de forma interativa utilizando um
microcomputador com o aplicativo Matlab instalado. Tem por objetivo
apresentar aos alunos o ambiente e fun¢des basicas do Simulink. Na
apresentacdo encontram-se diversos exercicios a serem resolvidos em sala
sob a supervisdo da professora ou professor.
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Simulink e diagramas de blocos

Simulink e diagramas de bloco

Simulink & um aplicativo do Matlab. Simulink permite criar diagrama de
blocos, analise de modelos e contrucio de funcdes.

Para acessar o Simulink digite:

» simulink
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Simulink e diagramas de blocos Interfaces

Biliotecas do Simulink: blocos largamente usados
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Simulink e diagramas de blocos Interfaces

Biliotecas do Simulink: sources
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Simulink e diagramas de blocos SN

Equacdes de um circuito RC simples

dve Ve — Ve

dt RC

. dv,
Escolhendo x; = v¢, X1 = —,
. dt
y:VS:OtIeU:Ve:

PR S
1= "Rc " RC
_ oo
Y= R TR
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples

rh Simulink Library Browser

File Edit View Help
[y | »| gan
Libraries

4 [P Simulink

Commonly Used Blocks
Continuous
Discontinuities

Discrete

Logic and Bit Operations
Lookup Tables

Math Operations

Model Verification
Model-Wide Utilities

Ports & Subsystems

Signal Attributes

Signal Reuting

Sinks

Sources

User-Defined Functions
Additional Math & Discrete
Control System Toolbox
Fuzzy Logic Toolbox

Image Acquisition Taolbox
Instrument Control Toolbox
Neural Netwark Toclbox
Simscape

Simulink 20 Animation
Simulink Coder

Simulink Extras

Stateflow

System Identification Toolb(

o7 [ [ [e¥ [o7 [o¥ [o7 |67 [
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Esta é a biblioteca
Simulink. Pode digitar
0 que precisa na caixa
de busca. Por
exemplo:

Gain
Sum
Integrator
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples: bloco ganho

Gain1

.
Function Block Parameters: Gainl

et

Gain

Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u™K).

Main | Signal Attributes | Parameter Attributes |

Gain:

Multiplication: lElementfwwse[K.*u)

Sample time (-1 for inherited):
-1

][ Cancel ][ Help

7] [ ok

Apply “
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples

Para criar a primeira equacdo, pode usar:

Constant

Integrator
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples

Para usar o integrador com
condic3o inicial externa, clicar
duas vezes no bloco
integrador.

e —

n|=

Integrator
0

Constant

Function Block Parameters: Integrator

Integrator

Parameters

Continuous-time integration of the input signal.

External resat: [none

Tnitial condition source: [external

5

[7] Limit output
Upper saturation limit:
inf
Lower saturation limit:
inf
[”] Showe saturation port
[Z] Show state port
Absolute tolerance:
auta
[Z] 1gnore limit and reset when linearizing

Enable zero-crossi

State Name: (e.g., 'position”)

Q9 [ ok cancel | |

Help Apply
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples

X1 au

YRR

Para criar a segunda equacdo, pode usar:

Integrater

Gain2
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples: configuracio

Antes de rodar o modelo de simulacio, precisa configurar o Simulink.

File Edit View Display Diagram Simulation Analysis Code Tools Help

&-| Hol=-«owr - o> @ -

B
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mulink e diagramas de blocos Exemplo 1

Circuito RC simples: configuracdes

@ c untitlea/C fon hcve) - . e )
Select: Simulation time -
Salver - i
Data Import/Export Start time: | 0.0| Stop time: 20
> Optimization -
- Diagnostics Solver options
Harduiare =
Model Referencing Type: [Fixed-step ] Solver: [ode3 (Bogack-Shampine) =
S lation Tz t
Imitation Torgef Fixed-step size (fundamental sample time): 0.001

> Code Generation
> HDL Code Generation

Tasking and sample time options

Periodic sample time constraint: (Unconstrained -

Tasking mode for periodic sample times: (Auto
[7] Automatically handle rate transition for data transfer

[7] Higher priority value indicates higher task priority

a7 m ] *

Q [ ok ][ cancel |[ nelp ][ apply
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples: programa

Criar and rodar instru¢des usando o programa abaixo.

% parametros do circuito RC

clear all;
close all ;
clc;

% constants
R = 1000;

C = 1000e-6;
alpha = 1;
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples: modelo linear

Para obter o modelo linear, use os blocos in e out no diagrama.
Criar um programa e neste programa usar:

[A,B,C,D] = linmod('rc_ circuit’);

Gaind
u
& >
Int L=
Gain
x_dot
|I> Integrator ¥
X Gain1
Constant Outl
RS
L
Gain2

Aula 1c 17 / 41

V. A. Oliveira (Elsevier, 2015) Engenharia de Controle: fundamentos



Simulink e diagramas de blocos Exemplo 1

Circuito RC simples: funcio de transferéncia

Agora, é possivel obter a fun¢io de transferéncia do circuito RC. Use o
comando tf com as matrizes A,B,C,D obtidas via funcdo linmod.

G=ss(A,B,C,D);
Gss = tf(G);

o que fornece:
» G
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mulink e diagramas de blocos Exemplo 1

Circuito RC simples: transfer Fcn block J

Criar uma transfer function usando a transfer fcn block no Simulink

B Sicnulink Library Bromser = [ 5 [
Fle Edt View Help

B O » tanster -85

s Covary: SmundContnuos. | Found: anster | Frequeny Used |

Simulink Simulink i
Commonly Used Blocks | @

Transtes Fen
Disconunutes Seea Fam
Discrete

Logic and Bit Operations ,IE P —
Lookup Tables

Transter Fon
First Order

7 TansterFon O
ract Form I T

Discete
Transter Fon

Transter Fon
LesdorLeg

Ports & Subsystems
Signal Attributes
Signal Routing
Sinks

Transter Fen
Real Zero

Coues [[Heurs! Network Toolbox =)
User Defined Functions
4 Additional Math & Discrete e
‘Additional Discrete
Transfer Fen Aditional Mt Incren [ o)
%] Control System Toolbex ==
 [a] Fuzzy Logic Toolbox Condustive, Convective Het
Image Acquisition Toolbox | " idnitane AP Tl
Instrument Control Toolbox
& Neural Network Toolbox A Reisivetest

8] Simscape
Pa| Simulink 30 Animation
[a Simulink Coder [

8| Stateflow fer Fen (with i.. fer Fon (with i.
Systerm Ldentiication Toolot
. .

Matches for transfer 4 blocksels 1subsystems 14 blocks
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples: transfer Fcn block

’ A
E] Function Block Parameters: Transfer Fcn ﬂ
Transfer Fcn

The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the
coefficients in descending order of powers of s.

Parameters

Numerator coefficients:

[0.001 0]
\ LO‘IS > Denominator coefficients:
1 s+1 [11]
Transfer Fen Absolute tolerance:
auto

State Name: (e.g., 'position")

,’) [ 0K J [ Cancel Help Apply
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Simulink e diagramas de blocos Exemplo 1

Circuito RC simples: simulagao

Para simular a resposta da funcdo de transferéncia use a funcio step e o
osciloscopio no Simulink. Rodar e clicar duas vezes no osciloscépio para ver

a resposta.

| 0.001s | |
s+1
Step Transfer Fen Scope
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Representacdo espago de estado Exemplo 2

Péndulo simples: Representacio espaco de estado:

X1:0_ Xj_Zé
xp =10 X1 . i u g b
W= T. %[xJﬂﬁe—m/z‘/s’”(Xl)—m/zX
y =10 y=x
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Representacdo espago de estado Exemplo 2

Péndulo simples: notacdo vetorial

x = f(x)+ bu
X2 0
X = . 1
X (—%sm(xl) pov u

y=x1
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SN EYEIRE LI N EWO E M Diagrama Simulink

Péndulo simples: Simulink
T Function Biock Parameters: Gain S5
Gain
b Element-wise gain (y = K.*u) or matric gain (y = K*u or y = u*K).
b xz W x; Main | signal Atmbutes | Parameter Aunbutes
Ga:
12 X2 ‘ h b i~
m Gain Mutiplication: Element-wise(K."u) o
Sample tme (-1 for inhered):
'
7] [ Cancal Help
v
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SN EYEIRE LI N EWO E M Diagrama Simulink

Péndulo simples: Simulink

X sen(x;)
% sen(x,) > N e i

For

W Function Block Parameters: Fen ==

Fen

General expression block. Use "u" as the input variable name.
Example: sin(u(1)exp(2.3%(-u(2))))

Parameters

Expression:

Sample time (-1 for inherited):
-1

[ Cancel ][ Help Apply
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[RETIEENL EYEIREEI N EWO EL M Diagrama Simulink

Péndulo simples: Simulink

i
u ' u ml*
ml* ’

Gain
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[SWCWEELLM Diagrama Simulink

Péndulo simples: Simulink

[ 8 Function Block Parameters: Sum ===
u Sum
u — Add or subtract inputs. Specify one of the following:
N ml 2) string containing + or - for each input port, | for spacer between ports
R (eg. ++I-1+4)
b) scalar, >= 1, specifies the number of input ports to be summed.
ouke When there is only one input port, add or subtract elements over all
dimensions or one specified dimension
Main | Signal Attributes
x5 sen(x,) Tcon shape: [round -
| sinlu) el List of signs:
Fon g 4+
amt =sen(x)
i Sample time (-1 for inherited):
-1
b
— X
B ml*
» bim2)
i
Gain2
o e
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presentacdo espago de estado Diagrama

Péndulo simples: Simulink

Simulink

Integrater

Gaint ?597’(-’51)

Gsin2

¥ Function Block Parameters: Integrator

Integrator
Continuous-time integration of the input signal.

Parameters

External reset: none

Initial condition source: [external

Limit output
Upper saturation fimit:

inf

Lower saturation limit:

-inf
] Show saturation port
7] Show state port

Absolute tolerance:

auto

Ignore limit and reset when linearizing

] Enable zero-crossing detection

State Name: (e.g., 'position’)

) o)
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[RETIEENL EYEIREEI N EWO EL M Diagrama Simulink

Péndulo simples: Simulink
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SICENY EYEIRE LI N WO £ [l Diagrama Simuli

Péndulo simples: Simulink

nk

®¥ Source Block Parameters: Step

Step
Output a step.
Parameters

Step time:

]
Tnitial value:
0

Final value:
10

Sample time:
0

[¥] Interpret vector parameters as 1-D

Enable zero-crossing detection

Cancel Help

Apply
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[RETIEENL EYEIREEI N EWO EL M Diagrama Simulink

Péndulo simples: Simulink J

envade

Step velosade Snglsr

Integrator

) ; X

Integrareet

X

Constantt

X,
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[RETIEENL EYEIREEI N EWO EL M Diagrama Simulink

Péndulo simples: Simulink

Antes de rodar o modelo de simulacio, configurar o Simulink.

File Edit View Display Diagram Simulation Analysis Code Tools Help

&-| Hela-eop - ©- o @ - -
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SN EYEIRE LI N EWO E M Diagrama Simulink

Péndulo simples: Simulink

o : o - = — —
() Configuration Parameters: untitled/Configuration [Active) - » . —
| select: I Simulation time -
Solver . i
Data Import/Export start time: 0.0 Stop tima: 20
Optimization
Diagnostics Solver options:
Hardware Impl
Model Referencing Type: |Fised-step + | solver: ode3 (Bogacki-Shampine) -
il
Simulation Terget Fixed-step size (fundamental sample time]: 0.001

Code Generation
HOL Code Generation

Tasking and sample time options
Periodic sample time constraint: Unconstrained -

Tesking made for periodic sample timas: Auto x| ||=

Automatically handle rate transition for data transfer ‘

I Higher priority value indicates higher task priority

] m v

[ H et e |
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Péndulo simples

Péndulo simples: Simulink

Criar um programa usando:

%parametros do péndulo simples
clear all;

close all ;

clc;

% constantes
[=0.5;m=10;g=9.81;b=4.5;

%condic3o inicial

x20= 0; %velocidade inicial
x10=30*pi/180; %posi¢do inicial em rad
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Péndulo simples EREIESE)

Tarefa: péndulo simples

o Usando a fungdo [A,B,C,D]=linmod('SYS’) extrair o modelo espago

de estado do modelo n3o linear do péndulo.

— s >

o Compare a resposta do sistema linear encontrado com a do n3o linear

construido no Simulink.

u

In1

Pendulum
System

D f—>

Out1

Pendulum

i

System

State-Space

}
X'=Ax+Bu |
y = Cx+Du

y

Scope
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Circuito RC J

——Sensor o

Lo

u(s) i(s) s
—> G(s) —)@ﬁb
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Funcdo de transferéncia do circuito RC

Kirchhoff:

N Cs
RCs +1
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Circuito RC: Resposta no tempo

10 = (ogpery) v

0 = & (ragt) v

yis) = (%_Rgc) s+11
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Tarefa:simular a resposta do circuito RC J

Simular a resposta ao degrau para y = v. e y = ai.

u(s) Cs i(s) ¥(s) u(s) 1 y(s)=v,
RCs+1 1+ RCs

R = 1000 ©; C = 0.001 F; alpha = 10.
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Tarefa para nota

Tarefa para nota

A solucio da tarefa deve conter o que foi estudado, o que foi feito e
analisado. A solucdo deve ser enviada via area do aluno, pode ser via a
plataforma Moodle de disciplinas, por exemplo.

Tarefa J

1. Obter a representacio espaco de estado de um motor CC com saida 6
2. Simular as respostas ao degrau.

Newton:

Kiia(t) = BO + Jb

Kirchhoff:

La% + Raiy = vy, — Kef
J=3,2284E-6; B=3,5077E-6;
Kt=Ke=0,0274; Ra=4;
La=2,75E-6.
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