!'_ Getting started with Simulink



Launch Simulink

In the MATLAB command window,

at the >> prompt, type simulink
and press < Enter

-} MATLAB Command Window

File Edt MNiew MNindew Help

| B2 o BE|R|2

b» simulink|
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To get started, type one of these: helpwin, helpdesk, or demo.
For product information, type tour or visit www._mathworks.com.

Feady |




i Create a new model

M Simulink Lib... M= E3

s Click the new-model - _
icon in the upper Ieft\H'D .

corner to start a new o W Contt Systom ook
+-- | DSF Blockset
S|mUI|nk flle % Fized-Foint Blockset

- W Fuzzy Logic Tookox

= Select the Simulink &) B HCD Blockset
- - ) W Menral Network Blockset
icon to obtain 9 oo Time Worshop
elements of the ---% Stateflorw
[+ Wb Simulink Extras
mOdel E| Systern ID Blocks

Thiz is the ‘simulink3’ library i




i Your workspace

Model is created in this window

Library of elements
M simulink Lib... M= E3

D& ]

|

J Continons

- 3| Discrete

- #1| Functions & Tables
- % Math

- % Monlinear

- 31| Signals & Svysterus i
- P Sinks

: - #| Sources

. E Control Systern Toolbox

. y D5F Blockset ]

Thiz is the 'simulink3' library i

luntitled

File Edi View Zunulation Format Tools

[DEE&gsmalac|y =« |

Eeady

l100% | loded




Save your model

= You might create a new folder, like the one
shown below, called simufink files

= Use the .mdl suffix when saving

Save As 7] %]

Save in: | 52 DA R R AL - A okl = E|
<E gsﬁnuljnk_ﬁles )
s 4.0 Workstation Frofile
] pubslic
File name: — [simple_ic. mdl Save
Save as lype: I"_mdl j Cancel




i Example 1: a simple model

= Build a Simulink model that solves the
differential equation

x =3sin(2¢)
= Initial condition x(0)=-1.

= First, sketch a simulation diagram of
this mathematical model (equation)

(3 min.)



Simulation diagram

= Input is the forcing function 3sin(24)

= Output is the solution of the differential
equation x(z)  x(0)=-1

. X 1 X
3sin(29) - — x(9
(input) > (output)

integrator

= Now build this model in Simulink



i Select an input block

Drag a Sine Wave block

0 & 48 Simulink: Library B I
|08 Hsmuk ey Bl | from the Sources library
- 3 Sources -l
e to the model window
& Chirp Signal

..... @ Clock
..... @ Constant Il untitled *
----- @ Digital Clack File Edit View Simulation Format
----- ip Discrete Pulse Generator
----- ¢ From Workspace Tools
..... ¢ From File ] Ep KTy (7
..... GPulseGenemtnr “D|EE§|&EE|__|' .|H
..... 0 H_arﬂp |
..... & Random Nurber Tl
----- ¢ Repeating Sequence //V ¥
..... 0 Signal GEMV Sine Wave

----- 05& =
1 i 0 gftoow | oded5 >




i Select an operator block

%1 Simulink Library Brow... M=l E3

D= 4a | g4

- [l Simulink
= 3 Contiruous
..... i Derivative

----- iy Transport Delay

..... iy Varishle Transport Delay
----- i Zero-Pole

Eﬂ---y Discrete

Eﬂ---y Functions & Tahles

- P vlath

..... 0 I"."IE-'IEI
----- i/ State-Space L.
----- iy Transfer Fen

Continuous-time integration of the input signal.

=y

Drag an Integrator block
from the Continuous library
to the model window

luntitled *
File Edit WView Swnulaton Format

Tools

sHS| 2R (22 = | R
\

ﬁ 1
&) - F
LS =
Sine Wave Integratar

1100% odeds Y




i Select an output block

[F1Simulink Library Brow... W&l E3

D= 4= | da ]

#1-| Math
- 23| Monlinear
y Sigrals & Systerns

----- i To Workspace
..... 0 XY Graph
Eﬂ"'y Sonrces

|- bl Comtrol Systern Toolaox
|- Wb DSF Blockset

=1

|

..... o Stop SMM
..... & ToFile

Thiz is the 'simulink3/SinksScope’ block

Drag a Scope block from the

File
Tools

luntitled *

Edit View Swnulation

Sinks library to the model
window

Format

| Tiems reeaz]r « |

N i [ ]
Vi s
Sine Wiave Integrator Scope
1100% | oded
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i Connect blocks with signals

Cluntitled *
File Edt View Swnulation Format

the output port (>) of | o,

= Place your cursor on

the Sine Wave block D& ie=a(ac|> =« | R”

= Drag from the Sine - 1 _
Wave output to the i >
Integratorinput SineWave  Integrator Scope

= Drag from the 1100% | | oded5 y

Integrator output to o
the Scope input Arrows indicate the

direction of the signal flow.
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i Select simulation parameters

Block Parameters: Sine Wave

Double-click on ~Sine Wave

the Sine Wave ”P“”t
block to set ai:émpmudez
amplltUde = 3 Freguency [rad/sec):

2

Phaze [rad):
1]

This produces the e
desired input of
3sin(29)

and freq = 2. —

Q. I Cancel Help Sl
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i Select simulation parameters

Double-click on
the Integrator
block to set
initial condition
= -1.

This sets our IC

x(0) = -1.

Block Parameters: Integrator

— |nktegrator
Continuous-time integration af the input zignal.

— Parameters

External rezet;  |hone

Initial condition zource: | inkernal

[nitial condition:;

IS
[ Lirnit output
[ prensatunation limit

irf

[Lower saturatiat limt:

-irf

[T Show saturation port
[T Show state port
Abzolute tolerance:

Iautn:u

kK Cancel Help

Al
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i Select simulation parameters

Double-click on
the Scope to view
the simulation
results

A1 Scope

EENEEE
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i Run the simulation

In the model luntitled * -0 x|
W|n dOW, fI‘Om th e File Edit View | Stmulation  Format  Tools
Simulationpull- (B SEE 1 Se G a
it
dOWﬂ menu, llﬁau Parameters... Ctl+E
select Start SineWae  yoqqon
Eaternal
View the output

x(t)in the Scope  hoow | | oded5 7

window.
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i Simulation results

_ _ #[Scope
To verify that this © 82| #E 2 8

plot represents the
solution to the
problem, solve the
equation analytically.

The analytical result,
x(t) =1 —3cos(2t)

matches the plot
(the simulation

Time offzet; 0O

result) exactly.




i Example 2

= Build a Simulink model that solves the
following differential equation
= 2nd-order mass-spring-damper system
= zero ICs
= input f{z) is a step with magnitude 3
= parameters: m=0.25, ¢c=0.5, k=1

mx+cx+kx= f(t)
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i Create the simulation diagram

= On the following slides:

= The simulation diagram for solving the ODE
IS created step by step.

» After each step, elements are added to the
Simulink model.

= Optional exercise: first, sketch the
complete diagram (5 min.)

mx+cx+kx= f(t)

18



i (continue)

= First, solve for the term with highest-
order derivative
mx = f(t)—cx—kx

= Make the left-hand side of this equation
the output of a summing block

mx

summing
block

19



Drag a Sum block from

E---%Igatibs = the Math |Ibral‘y

----- & Algehraiz Constraint
----- ¢ Combinatorial Lagic & MSD_sys ¥

----- g Corplex to Iagnitude- Angle File Edit WView Simulation Format Tools
----- Corplex to Real-Tmag

..... ¢ Dot Product _JJD|I£E§|%E|§Q|F I|H
..... iy Chain

----- 0 Logical Crperator
..... & Magnitude-Angle to Corplex *
..... iy Iath Function -
..... &y Mlatrix Chain

..... iy Wlindvlax -
----- 0 Product
..... iy RealImag to Complex

..... iy Relational Operator

Block Parameters: Sum |

----- 0 Rounding Funetion
..... @ Sien —Sum
----- ¢ Slider Gain &dd or subtract inputs. Specify one of the following:
----- i =y a| ztning containing + or - for each input port, | for zpacer between portz
G Trmemeras t1m Hawmotinm ;I [Eg ++I-|++]
s opsstsTinpulesspac v ons e the b zcalar »=1. A& value » 1 sumz all inputs; 1 sumsz elements of a single
fallawing: Ee adjf ﬁ x
a) string containing + or - for each input port, InpLt wectar
| for spacer betweaen ports (e.g. +- 4+

— Parameters

DOU ble-CI |Ck to Cha nge the lcon shape:  [iEsEEE =]

List of signs:

block parameters to =
fECtangU/afand + - W 5 aturate on integer overflow

ak. Cancel Help Bl




i (continue)

= Add a gain (multiplier) block to
eliminate the coefficient and produce
the highest-derivative alone

mx 1 %

m

summing
block



% simulink Library Br... M=l E3

(I
JJ D E’l sirrlink Library Browser

..... & Algebraic Constraint
..... e ZIMSD_sys

*

Drag a Gain block from
aylgatibs L the Math |Ibral‘y

..... 0 Mlagnitude-Angle to Coraplex
..... i Math Function

..... &y Mlatrix Chain

..... iy Wlindvlax -
----- 0 Product

..... iy RealImag to Complex

..... iy Relational Operator

..... & Rounding Function

..... & Sign

Secalar or wector gain. w = k."u
Eeady

Double-click to change the
block parameters.
Add a title.

""" ¢ Complex to Magritude-Angle EFie Edit Wiew ZSimulation Format Tools
----- 0 Corplex to Real-Tmag . .

----- ODDthduct —J_||:"|||3E§|CI‘”I°E‘|i-:lc1|h.|H
..... oy —

----- 0 Logical Crperator ‘\\

P

1imass

The gain is 4 since 1/m=4.

Bloclk Parameters: 1/mass

—Gain

Scalar or vectar gain. v = k. *u

— Parameters
Gain:

E

W Saturate on integer overflow

aF. I Cancel

Help

Al




i (continue)

= Add integrators to obtain the desired
output variable

mx ‘1 X 1 56‘1 X

m

%)
%)

summing
block



%1 Simulink Library Brow... M=l E3

D= 4a | g4 ]

Drag Integrator blocks from

= W Sirnulink
= ¥ Continaous

----- iy State-Space

----- iy Transfer Fon

----- iy Transport Delay

..... iy Varishle Transport Delay
----- iy Zero-Pole

- 3 Discrete

- P Functions & Tahles

- 2 Ilath

grato \ File Edit WView Simulation Format Tools

4l the Continuous library

D | FHS| 2B |2 = | &

Continuous-time integration of the input zignal.

t widdot :_ xdot o :_ x PD
il ICs on the integrators
are zZero.
Ready 100% | odeds

Add a scope from the Sinks library.
Connect output ports to input ports.
Label the signals by double-clicking on the leader line.

24



i (continue)

= Connect to the integrated signals with gain
blocks to create the terms on the right-hand
side of the EOM

mX | 1>~_ x| 1 |x

summing X
block

|
)




LIMSD_sys *
File Edit MView ZSinulation Format Tools

D& t=d|2z]|r = &

>{4 xadat [T ] xaat [T o [
=3 =3

1fmass Integraterd Integrator2 Scope

Ready [lo0%e | | oded5 7

[ Double-click on gain blocks to
set parameters

d Connect from the gain block
input backwards up to the
branch point.

d Re-title the gain blocks.

Drag new Gai/n blocks
from the Math library

To flip the gain block, select it
and choose Fljp Block in the
Format pull-down menu.

— [@ain

Scalar or wector gain. = k.u

Block Parameters: Damping |

— Parameters |
[ airn:

e c=0.5

¥ Saturate on integer overflow |

k. I Cancel | Help | )] |

Block Parameters: Spring constant
—Gain

Scalar or vectar gain. w = k.U

— Parameters

k=1.0

¥ Saturate on integer overflow |

k. I Cancel Help | e[ |

26



i Complete the model

= Bring all the signals and inputs to the
summing block.

= Check signs on the summer.

#t) —

input

+

mx

CX

|

%)

|

%)

* X(1)
output
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I

M1 simulink Library Br... M= E3

O &= = | ¢ |

£

=

- - Signals & Systers

- 2] Sinks

= 2+ Somrces

..... i BandLirited White Noise

----- @ Chirp Sigral

----- 0 Constant

..... iy Digital Clock
----- 0 Dizcrete Pulse Generator
----- iy From Workspare

..... 0 From File

----- Q FPulze CGenerator

..... Q H_a_mp

..... o

----- 0 raforn Eandorm Muarober

- | Control Syster Toohox
0 Bl TEP Rlaeloat

Output 3 step.

ZIMSD_sys *
File Edit MView ZSinulation Format Tools
D E&| tB| 22> = | B
{L:t I ::: xddot 1| ot > 1 x PD
Ready 100%% | | odeds ,;;
7;:21tasmp
— Parameters .
e Double-click on Step block
— to set parameters. For a
R step input of magnitude 3,
ISDample time: Set /E/ﬂa/ Va/Ue tO 3
|

]

Cancel |

Help

Sppll |
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i Final Simulink model

ZIMSD_sys *
File Edit View Swmoulaton Format Tools

Desd&| sl r =« |5

fit)
——— B+
axddat 1 xdot 1 x | |
o > —b{:}—h : . - -

‘ 1'mass Integratar Integratorz Scope
0.5 (4

Camping

1

Spring constant

Ready 100% | odeds v
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i Run the simulation

EIMSD_sys *
File Edit View  Swnilation Formmat Tools

D&
SR
| i —  Parameters... Ctl+E
— T |_x ]
— - - — -
S i Mormal s
— Integrator2 Scope
‘ Esternal
0.5 [
Lamping
1 [ E
Spring constant

otatt or Pause t'|1EIEI% | | |C'd'345 i




i Results

NEEE

4

el | L T T R L R R

g Undrdampec

Time affzet; 0O

response.

| Overshoot of 0.5.
| Final value of 3.
IS this expected?
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