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Simulink and block diagram

Matlab has a tool called Simulink. Simulink allows you
to create block diagrams, system modelling, analysis

and so on.
To access Simulink, type:

>> simulink

I ———————




Simulink and block diagram

Simulink interface
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Simulink and block diagram

Simulink interface
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Simulation using gain, sum and integrator
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Transfer function

rHE Simulink Library Browser =N ﬂh1
File Edit View Help
. . . [P = > transfer - H o8
To create a transfer function on Simulink, — T e S E——— e

you can use the “Transfer Fcn’ block. B s | 73]
e EED S

Disorete
Transfer Fcn

Discontinuities

Discrete

Legic and Bit Operations
Lookup Tables

Math Operations

Maodel Verification

Transfer Fon

Transfer Fcn Transfer Fcn

Model-Wide Utilities First Order Lesdorlag
Ports & Subsystems
Signal Attributes ;”’T;E’ Ao
Signal Routing sal o=
Sink:
1 Slonursces | Heural Network Toolbox 1 @|
) > User-Defined Functions S
s+1 4 Additional Math & Discrete il
Additional Discrete
Transfer Fcn Additional Math: Increl | o 3 ®|
Control System Toclbox
4 Fuzzy Logic Toolbox Conductive Convective Heat
Image Acquisition Toolbox e == AR e
Instrument Control Toolbo
> Meural Metwark Toolbox A= Radiative Heat
Simscape T Transfer

Simulink 20 Animation
Simulink Coder
Simulink Extras

1 Discrete Trans-
Stateflow fer Fon fwith i

System Identification Toolb

[ simulink Extras 1@

Discrete Trans-
fer Fon {with i...

o [ [ [o¥ [o¥ [o¥ [o¥ [o¥ [ [=¥ [¥

Transfer Fcn
{with initial sta...

Transfer Fcn
{with initial ouw...

4 m 2

Matches for transfer’ 4 blocksets 1 subsystems 14 blocks




First order simple example

Function Block Parameters: Transfer Fcn @

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]
b 0.001s > Denominator coefficients:
’ s+1 [11]
Transfer Fcn Absolute tolerance:
auto

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

J 0K H Cancel H Help Apply




Simulation parameters

Before you run your simulation, it’s necessary to set the
configurations:
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Simulation parameters
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First order system example

To check the response of a transfer function, use the ‘Step’ and ‘Scope’
on Simulink. Run and double click on ‘Scope’ to see the response.

0.001s
s+1

Step Transfer Fcn Scope




Closed loop example

Lets try this transfer function and see what is
the step response using Simulink

1
> — >
32
Step2 Transfer Fcn2 Scope1




Closed loop example

Forced step response

Pole-Zero Map
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Closed loop example

Lets try the same transfer function used in
open loop, but now in a closed loop and see
what happen using a step response.

:
» = ’ >
4@ 52

Step1 Transfer Fcn3 Scope2

<
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Closed loop example

Before run the Simulink lets get the transfer Pole-Zero Map

function in a closed loop via Matlab console ' | T

typing

s = tf('s"); " o

G = 1/s"2; 5

T = feedback(G,1) 8

pzmap(T) .LE_H 1 S
g 0.2

Now the transfer function is given by: %
E

G = s2+1 g .

-1 48 06 04 0.2 0 0.2 0.4 0.6 0.8 1

Real Axis {secnnds'1j




Closed loop example

The new closed loop response is:




Closed loop example

Now lets try to do the same to this system:
* Plot the root locus using of this system “pzmap()”
» Plot the step forced response to the system

1.3s+1 1
> > — ——P>
0.19s+1 2
Step3 Transfer Fcn4 Transfer Fcn5 Scoped




Closed loop example

Pole-Zero Map
ED I T T T T T T T L T 1 1 T T T

0.8} ]
80 P
o T
g 04 |
[
40} 3 S
3 02} ]
&
.E "l__ L T .S. ............
30 1 é
e -02¢ 1
£
20 - D04 1
E
._’/"
10+ ~ 7 [
_'__.,-'-"'f-'.?-f-. 08 1
- - -1 1 1 1 1 1
0 deiee I.--'- 1 L 1 L ' L -6 -5 - -3 T -1 0

0 1 2 3 4 5 6 7 8 9 10 Real Axis (seconds™)




Closed loop example

Analyze the same system before but with a unit feedback loop:
* Plot the root locus using of this system “pzmap()”
» Plot the step forced response to the system
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Closed loop example
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Hands on!

Built the transfer function bellow in Simulink and compare the responses to a Step
input, with a Proportional, Integral and Derivative controllers:

6(s + 2)
(s+1)(s+ 3)

G(s) =

You'll have to use the ‘Transfer Fcn’, ‘PID Controller’, ‘Scope’, ‘Step’, ‘Sum’ and ‘Bus
Creator’ blocks for this simulation.




Simple RC circuit example

1 ¢. '
oV, =—j|dt then v, _ 1
C dt C
R VA
o— AN & | = R
T
i il v, . . . :
u C = dv, u-v, Firstorder differential equation.
dt RC
° '_||SensorI &
Il




RC circuit transfer function

Kirchhoff

. 1 .
u(s)= Rl(s)+E|(s)

F
o— AN & . o
1(S) =——
) D cL | o~ y(s)
. Cs
° [Sensor | & 1(S) = U(S
(e 0
u(s) i — YO (6)-_C3
—_—> G(S) ——a — RCs 41

I ———————




RC circuit transfer function

R

o—"\AM, s
K(s)= 2 — 6 (5) = 2
! i )e L T v, u(s) RCs+1
aCs

o [ sensor | & S) = u(s

I yE©) (RCS+1) )

u(s) 1(s) y(s)




Hands on!

1. Built the closed loop system of the RC circuit using Simulink:

a)
] % constants can be defined at
u(s) N Cs I(s) o y(s) the Command Window orin a
RCs+1 file .m
>>R =1000;
>>C = 1000e-6;
b) >>alpha = 1000;
u(s) 1 y(s) =V,
> —
1+ RCs

2. Simulate the step responses .

R=1000 (ohm); C=0.001 (F); alpha=10;




Test #3

1. Find the transfer function representation of a DC motor with input V, and output 8. Consider the initial
conditions equals to O.

Ra a Newton

Ki (t)=BO+JIé

J.B
Va <+ C ya Kirchhoff
D (5 ]
iq(t) : L2 Rj v —KG
e o a dt a'a a e

2. Build the closed loop system using Simulink.
3. Simulate the step response.

Constants:
J=3.2284E-6; B=3.5077E-6; Kt=Ke=0.0274; Ra=4; La=2.75E-6;

I ———————
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