ES205 Analysis and Design of Engineering Systems: Lab 1:
An Introductory Tutorial: Getting Started with SIMULINK

What is SIMULINK? SIMULINK is a software package for modeling, simulating, and
analyzing dynamic systems. It supports linear and non-linear system modeling in
continuous time, sampled time, or a combination of the two. It provides a
graphical interface for building models as block diagrams using the mouse by
click-and-drag operations. It also provides a variety of simulated output devices
that can be attached to the system to monitor the output or state variables of the
system.

By defining the system graphically, the mathematical calculations required to
simulate the differential equations that represent the models are hidden from
your view. You only need to be able to supply the model structure and
parameters, the simulation parameters, and the output variables and forms. You
don't have to get bogged down in the math to determine the behavior of the
system of interest.

This tutorial will consist of 4 parts:
A) Launching and becoming familiar with the SIMULINK environment
B) Creating a simple 1st order model
C) Creating a 2nd order model of a mass, spring, damper system
D) Creating a model on your own of an electrical system.

Part A: Launching Simulink:

1) SIMULINK is run from the MATLAB prompt, >>, so the first step is to get MATLAB
running.

-- Connect to the Network

-- Launch MATLAB. (if you have not already installed MATLAB you will need to
do so at this time.)

2) Atthe prompt, >>, in the MATLAB Command Window, type simul ink and

P

press Enter.

<) MATLAB Command Window O] %]
File Edit View Window Help

Dzl e@(o(sB(m2? |

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, type tour or wisit wuw.mathworks.com.
> simulink|
L

|
Ready ’_’—’— 4
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3) When SIMULINK opens you will see the box called the SIMULINK Library

Browser. The Library consist
of a number of different [T simulink Library B [l
Eb Bl e ) Simulink, Library Brow

SIMULINK blocks with which
[ = Find ||—

a system model may be
built. Continuous: zimulink/Continuous

To build a model, you first need
to create a space to make the
model.

W simuink:

!l Cantral System Taolbox
8| DsF Blockset

B Fixed-Point Blockset
B 5-Function demos

B simulink Extras

W System ID Blocks

Click the new model icon in the
upper left corner to open a new
SIMULINK file workspace.

Next, select the SIMULINK icon to
expand the list of the available
elements that are used to create
a system model.

Ready v

4) After making the selections in Step 3, the SIMULINK Library Browser will show
folders that contain the most commonly used elements you will be using for
model creation.

ol

Ble Edt ew Help

Click on each of the following folders 0 5 8o [
and quickly note the elements that are Continueiss: sieiiek Corlieiess
contained in each.

. 0 =i ] Sk
Continuous 5 s N
-- Discontinuous ] Ciscorkinndties
_- Discrete ] Ciscrets ; Drecortimalres
B Lowkelip Taties =
-- Look-up Tables 2] Halh Operations E Diseres
H ] el Verication o
-- Math Operations 1 Hodt e e o [
-- Sinks 2] Ponts 8 Submystenin n
-- Sources i:::lm:: . T3] manoossons
B Snke @ |
Mol Verificati
When needed, these elements e SN o
may simply be clicked, dragged, T Cortrod System Tookas e | Modsiwids Usites
H 1 W Do Bochest 2
and dropped into the model b B et Part Bt @ T
workspace. ) SHunation dens -
v a Sarvdink Extras F Pp—
Systes ID Blocks. poq [
|'h._.-. Sigrel Floutivg

Ready
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During Step 3 you also opened a window called Untitled, which is the model
workspace where the models will be created.

Euntitled [=1E3
File Edit View Smmulation Format Teols

bfeaa|s=e|azr =B

Eeady 100% odedd
A

5) You have not yet created a model, but if you had, you would want to be able to
save the model.

Fluntitled

To SaVeamOdel, pU” down File Edit View Simulation Format Tools

=1 3

the File menu

and select Save_As HD@"H@H’E‘QQ" ik

or
Click on the /

File Save Button

(e T
WL T Werksmation Pl
= petc

L [awe
s.mamyb] el |

While we won't save

a file right now, we

will have you create a

new folder to save

any models you will create.

Create a new folder called,
simulink_files by clicking
on the new folder button.J

Ready [to0%e | loded5

and supply the correct
name.
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Part B) Example 1: A Simple Model

1) The first model you are going to build will solve a simple 1st order differential
equation given by

dx .
— = 3sin( 2t
it ( 2t)

with an initial condition x(0) = -1.

2) To create a model of this equation, we first sketch a simulation diagram of
the mathematical model.

The simulation diagram will consist of:
an input --> the forcing function, 3 sin(2t)
an output --> the solution, dx/dt
a parameter --> the initial condition, x(0) = -1
an operator --> integration block

1.C.: x(0) =-1

l

dx
input: dt
3sin(y ——*

X output:
> x()

S L

3) To construct this model in Simulink, will require three elements:
-- a Sine Wave Block
--an Integrator Block
-- a Scope Block

Locate the Sine Wave under the Sources folder and Click, Drag, and Drop it in
the model workspace window to create the Input Block

L% Stk Libwary Brovrser (= k)
Be B8 Yo Heb -
0 6 o2 e | luntitled *
Bine Wave: Oupd » s wave vhers the ins pe demies fe congursionsl Hle Edt Vew  Smdanon  Formap
s parervelns e b = Taols
T Sednk. =] lM Flardom Humbst =] D& ttwazlr =R
] Contrueus =
e pe——— | eceseg seence
%] Ciscrets .
] LoskLp Tables e
bl Mty Cpee atiorn. | Sl Gt Sine Wave
%] Model verfication
~ Mdﬂ:::l_m |§u--|'.-muum« /
o] Perts i S - 11100% odedS "
& Sonal Attrbubes T
] Sqnal Revting
] sehs [i] S
%] Soinces
2] Urer-Defied Funciions E.r Uritoem Randorm Murber
W Contred Syvten Tookae ]
o W 5 thockset = =
Futaty
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4) Locate the Integrator under the Continuous folder and Click, Drag, and Drop it 6) Connecting the blocks.
in the model workspace window to create the Operator Block.

i _Blocks can be connected by dragging a line from the output of one block to the
Fle Eot Wew Heb input of another block.
O & Ha o | ) )
Integrator: Continuous-ime nlegiation of the npul signal Make the following connections:
Huntitled * 1[=1 3

Output of the Sine Wave --> Input of the Integrator
File Edit View Simulation Format

EE s = . Output of the Integrator --> Input of the Scope
‘vols

Derivative

2] Disrote e~ | o mafae<=y =
2 Look-Up Tables — l_" = !E m
] math operations e Space auntitled
. 2] Model verification - : -+ : .
. i Model-ide Utikies ranster Fen Sine Wave \ntegslalur Eﬂe Edlt ElEW §1mulat10n POI”I’HE{E
. Ports & Subsystems TO OIS
. 2] Signal Attributes =
5 Transport Delay
] signal Rauting 0% | [ [odeds Y ~ -
5o , d DezEE /a2l = | &
3] Sources - atiable Transport Delay
] User-Defined Functions
BB Cortral System Toolbax Zew-Fole
- 18 D5P Blockset e — IE E
Ready A '
Sine Mave Integrator Scope
5) Locate the Scope_ under the Sinks folder and Click, Drag, and Drop it in the ]|1gg% | | |ode45 7
model workspace window to create the Output Block
JSaT . — .
RTINS The arrows indicate the direction of the signal flow.
O & 44 find ||
Scope: smulink/Sinks/Soope i X X .
7) Selecting Simulation Parameters.
 Sine Wa
- I simulink = = . Output here the sine type det th tatianal
) Continuns Display = : = Most blocks have different parameters that techiicus e Th parameters in e (e bypes a2 related thiaugh.
i Disconkines @ o Seone Eluntitled - [0] x] are associated with them. To access the el o T e S e
P : : — C )
] oo T % B Mew Shotien  Feeoe parameters, simply double-click on the e R
23] Math Operations ol . block of interest. This will bring up a dialog ksl smrpintimess e ere sl sl el mrimg
2 Model Yerification ”D | == =] | % 2] | o | » = | " box which allows the parameters to be large times (.. overflow in absolute time) occur
2] Modsl-wide Utilities E Scope changed n
—_— . Parameter
- 23 Ports & Subsystems Sine tupe: [
Tii
2] signal Attributes e
Stop Simulation Amplitud
2] Sgpal Rovting Sine Wave Integrator Soope ) ) I:Dlu =
Sk | | Teminator _ Double click on the Sine Wave
ources ) ) Bias
5] ser-Defined Functions . oo ode5 ) and set the following parameters: T
it
glg::t;f' Sk:siem Teakx o ) Frequency (rad/seck
Ll ockss EHl— =] Amplitude = 3 B
Ready v —
Z Frequency = 2 —
Jo
Sample time:
Jo
[¥ Interpret vector parameters as 1D

O P O
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Double click on the Integrator
Block and set the parameter
for the initial condition.

x(0) = -1

Double Click on the Scope
Block.

This does not have any
parameters which need
setting, but instead displays
the scope display screen.

Block Parameters: Integrator %]

gral
’VCUntinuuus'hmE integration of the input signal |

Extemal resst | none =
Iritial condtion sourcs: [intemal -
Iritial condtion:
™ Limit output

| pper saturation [t
[inf

Loy satiation i
[inf

™ Show saturation part
™ Show state port
Absolute tolerance:
auto

DK | Ceneel | Hep | sl |

8) Now that the model has been defined and created, the model simulation is

ready to run.

To Start a simulation,
pull down the Simulation
menu, and select Start.

View the output of the

simulation on the Scope
window.
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File Edit Wiew | Simulaten Format Tools

Eluntitled * (O] x]

[} Start Cul+T
Biop
Parameters . CulHE
Sina Wave ¥ Normal
External
[toose | [ loded5 7
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9) Simulation Results

Your results should look
like the figure.

Measure the magnitude of
peaks and valleys and the
period of the signal.

Peak =

Valley =

Period =

10) Simulation Verification:

To verify that this plot represents the solution to the problem, let's look at the

analytical solution.

dx .
i 3sin(2t) with x(0) = -1

This equation can easily be solved by integration. The result is

x(t) = - 2cos (2t)

This is the function that was plotted in the SIMULINK Scope window.

Save this SIMULINK model in the simul ink_fi les folder as as Examplel.mdl
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Part C: Example 2, a mass, spring, damper system

1) The second model will use SIMULINK to create a model of a mass-spring-
damper system which may be modeled with a 2nd order differential equation.
Other parameters of the system include:

-- initial conditions: ~ x(0) =0 and dx/dt(0) =0

-- the input f(t) is a step function with magnitude 3 at t=0
-- mass, m =0.25

-- damping coefficient, c = 0.5

-- spring constant, k= 1

The model equation:

2
42X X = 1)

m
dt? dt

Assume all units are consistent for the model.

You will work through the following steps:
a) Draw the simulation diagram
b) Create and save the SIMULINK Model
¢) Run the Simulation.

2) In the space below attempt to draw the simulation diagram for this model:
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3) Let's walk through the steps.

For comparison, start by solving the model equation for the highest order

derivative term.

d’x

m
dt? dt

f(t)—cd—x—kx

The first block you create should be a Sum block, where the output of the Sum
block is the left-hand term of the equation above.

sum block

&’
m 42

—

Now using SIMULINK, Create a new workspace..... File ..... New.....Model

Locate the Sum Block in the
into your new workspace.

[FIsimulink Library Browser I =l

Fie Edit Yew Help

D& |

Sum: Add or sublract inputs. Specify one of the fallowing
a] string containing + o - for each input pot, | for spacer between perts (2., ++++)
b] scalat >= 1. A value > 1 sums allinputs; 1 sums elements of a single input vector

=1 1] Simulink -
v B3] Continuous

2] Discontinuities

] Discrete

2 Look-Up Tables

Relatiorial Operatar

Reshape

Rounding Function
2 Madel Verification s

v 2] Model-wide tilities

o 2] Ports & Subsystems

.. 2] Signal Attributes

. 23| Signal Rrouting
2 sinks
] sources s
2 User-Defined Functions

B Control System Toolbow

- | DSP Blockset =l

Ready

Sign

Slider G ain

Sum

Trigonometic Function

H

3 Ll
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ry and Click, Drag and Drop it

Edit Wiew Jeulation Formaf Tools
&

el Y- R R )

Beady

s, Specly
thang conbarng « of « hor mach gl o, | oo sguaces bastrese et
(B #ebies]
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The Sum block is to have 3 inputs.

Double click on the Block and set the

parameters to rectangular and + - - .

4) Gain Block.

Add a gain (multiplier) block to nor

malize the coefficient, m, to modify the signal

so it is equal to the highest order derivative term alone.

&’

m dt2

sum block

Click, Drag, and Drop a Gain Block from the

SIMULINK workspace.

[ simulink Library Browser

Flle Edit View Help

d’x
dt?

gain

library into the

=

0 & Ha Find ‘|

Gain: Element-wise gain (» = K."u) or matiix gain [v = K*u or y =7K)

—)-- T simulink =
] Continuous

2 Discontinuities

] Discrete

Complex to Realimag

VL

=

Dot Product
- 2] Look-Up Tables
. fan /
23] Model-ide Utilties
1] Ports & Subsystems AND Logical Operator —
] signal Attributes
2 signal Routing Magnitude-Angle to Complex Bain
] Sinks Ready || Scsl on vecor gan y =k
2 sources b Math Functian Eaveiras
- 2] User-Defined Functions ﬁlgk
Torz oo
- | Contral System Tookox UD” Malrix Concalenation
.. | DSP Blockset =l =l FF Sotuante on mioger crndion
Ready v
ok | caxe |  Hee |

Double-click on the Gain block to change the block parameters.

Use a Gain of
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Add a title to the Gain Block.

5) Add two integrators to your Simulation diagram.

dx

d’x
dt?

dt?

m

sum block gain

dx X
1 [af 1
_ _ —>
S S
Integrator Integrator

Click, Drop, and Drag two Integrator Blocks into your SIMULINK workspace from

the library.

Also:

Set the initial condition parameters to zero for both integrators.
Add a scope block to the output of the second integrator
Connect the output ports to the input port as shown

Label each of the signals by double clicking on the leader line.

= simulink Library Browser — 1ol x|
Fie Edt View Help
01 = =& Find “
Integrator: Contiruaus-time integration of the input signal,
£ B simuink = . -
) .m.m Derivative LZIMSD_sys *
.. 22] Discontinuties Ede Edt Mew Seulabon Formap Tgols
B e [ wwer — | | Doma  @acs-w
— |
] Look-Up Tables
] Math Operations *:‘3;‘:5: State Space
2 Model verification " 'F\"lw"i T | s T %
3 Model-wide Utilities -~ M "
- 2] Parts & Subsystems Transfer Fen e Iebegerter g Seape
- 2] Signal Attributes
T t Del
. 23] Signal Routing D%( fansport Leias
v 2] Sinks
5] Sources — Wariable Transport Delay
] User-Defined Functions
W Cortrol System Toolbox
- W DSP Blockset
Reach
LKL Z Ready 0% | [odea5
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6) Return Branch Gain Blocks

In the Simulation Diagram, connect the integrated signals with gain blocks to
create the terms on the right-hand side of the model equation.

€ ¢’ d N
g 1 de 1 dat | 1
= - - >
S S
sum block c dx
dt
k x

In SIMULINK, Drag in two additional Gain blocks from the Math library to the
workspace.
--Flip these blocks by selecting each block and using...... Format....... Flip Block
--Double click on each of the blocks and set the appropriate parameters
c=0.5
k=1.0
--Connect the signal lines:
Either Click the gain block input and drag to each of the branch points.
or
Ctrl-Click to select the branch point first and drag to the gain inputs.
--Add appropriate titles to the gain blocks

EIMSD_sys * (O] x]
File Edit View Simulation Format Teols Block Parameters: Damping
™ Gan
[DzEas| a2 « & Soe o vacor g ek
Pasistetres =
g c=
i
T 1 x [ Sotuaatn on integes cvesflon
s s .
Umas  Integrater! Integrater2 Soope T =l

Block Parameters: Speing constant
Damping Gan
Scals o s g e kU

@ Funaeneiers

Spiing constant

[odeds L == ]

Ready [too%s | |
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[ simulink Library Browser

7) Connect all Input Signals.

In the Simulation Diagram, connect all the input signals to the appropriate inputs

of the Sum Block.

2.
fy — + mgt—é‘

3=

In the SIMULINK workspace:

-- Add a Step Block from the Source library and set its parameters.

Step time =0
Initial value = 0
Final value = 3

-- Connect the signal lines to the sum Block, paying attention to the signs of the

inputs.

Ele Edt Wiew Help

=10] x|

0@

= 1 Find ||

dt? 1 dae| 1 Output:
- T - > x()
S S
¢ WX
dt
C
k x
k
ZIMSD_sys * M=

Fle Edit Wiew Simulation Format Taols

Step: Oulput a step

[ozsEa|iza|azr =&

B simulink. -

- 23] Discontindities

- 24 Discrete

23] Look-Up Tables
« 23] Math Operations

2 Continuous ‘

Random Mumber

Repeating Sequence

El=

O
Signal Generator

)
8
°g

2 Model Verification
] Model-wide Utilties
2 Ports & Subsystems
2 signal Attributes

suiai1| Signal Buider

2 signal Routing @ Sine Wave
- 2] Sinks
i =il
23] User-Defined Functions
B Control System Taohox f\j i| Uriorm P Number
B DSP Blockset: =l
Ready

NN

Umass  Integrator Integrator2

Soope

Farameters
Ready 100 St
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8) Your completed SIMULINK model should look like the following
missing titles or labels.

File Edit

. Complete any

View Sinulation Format Tools
D& =@ <22 = =
fit) >
> xddot 1| et > 1 =|:|
Step 5 5
1/mass Integratord Integratorz Scope
0.5 [l
Lramping
1
Spring constant
Eeady 100% oded5

Save your model as Example2.mdl

9) Running your simulation

Double click on the Scope to make its output visible.

Run your simulation.

What is it maximum value of x reached?

What is its final value of x reached?

Is this behavior underdamped, overdamped, or critically damped?
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This concludes the SIMULINK Tutorial Module.

You are now to complete Part D: Lab 1 Worksheet. To complete the
worksheet you are expected to understand and use the terms below.

Terms used on the worksheet:

Steady State Value is the final value of the system settles at after transient
behavior has dissipated.

Overshoot is characterized as the maximum response swing past the steady
state value.

Rise time is time required for the system to rise from ten to ninety percent of the
steady state value.

Settling time is the amount of time the system takes to value settle close to the
steady state condition (to within approximately 2% of the step size).

Step Responge

Amplitude

- Time (=zec)
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