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Simulink Tutorial

Introduction

This document is designed to act as a tutoriadfomdividual who has had no prior
experience with Simulink. It is assumed that #eder has already read through the
Beginner and Intermediate MATLAB Tutorials. Folyajuestions or concerns, please
contact

Christopher Lum
lum@u.washington.edu

Starting the Program

1. Start MATLAB.

2. Simulink is an extra toolbox that runs on top of MAAB. To start this, type
“simulink” in the Command Window or click on then®ilink icon.

Type "simulink” in
Simulink lcon Command Window
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Figure 1: Starting Simulink using icon or Commakicthdow

3. The Simulink interface should now appear as shoglovibin Figure 2.
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Figure 2: Simulink interface

4. Start a new Simulink model using File > New > Model
METHOD 1: 2" Order Ordinary Differential Equation
5. Let’s use Simulink to simulate the response of\ftass/Spring/Damper system

described in Intermediate MATLAB Tutorial documeRRecall that the second
order differential equation which governs the sysig given by

Ht) = % u() —% 2(t) —% 2(t) Equation 1
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Let us assume that we have signals which repregént z(t), and z(t ), we can

multiply them by a product of constants, then shemtin a specific fashion to
obtain the signak(t) . Start a new model.

Double click on the “Continuous” library from theam Simulink Blockset. This
opens library.

6. We will now construct the signai(t) . The first thing we need is an integrator.

Find this block in the ‘Continuous’ section andgltevo of them into your blank
model. You can rename them if you like. Connketrt as shown in

E! <Student ¥Yersion> mass_spring_damper_model_ODE * - IEIIlI

File Edit Wiew Simulation Format Tools Help

DSEES| 2R (=24 |22y s Dol REE S

We will construct the signal Z(t)

\ 0 Tl
= z_duot =

obtain z_dot obtain z

Ready 100%: oded5
4

Figure 3: Model with two integrators

7. Looking at the ODE, we see that we also need treabu(t) . This is an external

input, or a source. Let’s use a step function witn be found in the ‘sources’
group. Drag this into your model.
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E! <Student ¥Yersion> mass_spring_damper_model_ODE * - IEIIlI
File Edit Wiew Simulation Format Tools Help
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Step
H z_dat H-

ubtain z_dot obtain z

Ready |100% [ [ |ode4s v

Figure 4: Model with two integrators and a stepcfion

8. We now have the signalgt), z(t), and z(t) , we need to multiply these by the

values 1/m , k/m, andc/m, respectively. For this problem, Iet=2, c= 05,
andm=1. We can multiply the signals using a ‘gain’ blagkich is found in the
‘Math Operations’ group. Draw three ‘gain’ blodkso your model and connect

them appropriately. (Hint: You can flip the oriation of the block by right click
> Format > Flip Block).

E! <Student ¥ersion> mass_spring_damper_model_0ODE * = |E||i|
File Edit Wiew Simulation Format Tools Help

DBEE& 2Rt |92 r s BFelRed nEBE®

Step 1
=_dot z

obtain z_dot obtain z

Ready |10 [ [ |odeds v

Figure 5: Model with integrators, step functiondagain blocks.

9. We can modify the multiplication factor of each iGalock by double clicking
and modify the parameters. Since this is scaldtiptication, ensure that the
‘Multiplication’ field is set to ‘Element-wise (Ktf)' as shown in Figure 6.
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Figure 6: Parameters for the ‘Gain’ blocks.

10.The last thing we need to do is to add all theagytogether using ‘Sum’ block.
Drag one into your model and modify the parametsrshown irFigure 7

=] Function Block Parameters: Sum x|

Sum

Add aor subtract inputz. Specify one of the following:

a) gtring containing + or - for each input part, | for spacer between ports [e.q. ++-++]
b] zzalar, »= 1, zpecifies the number of input ports to be zummed.

YWhen there iz only one input port, add or substract elements over all dimenszions or

one specified dimenszion

b aiiry | Signal Data Types I

1con shape: T - |

Lizt of zigns;

[+

Sample time [-1 for inherited);
f-1

(] Cancel Help Apply

Figure 7: Parameters for the 'Sum' block

11.Connect the signals appropriately.
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E] <Student ¥Yersion>= mass_spring_damper_model_0DE * = |EI|5|
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Figure 8: Model with signals connected.

12. At this point, the model accurately solves the wady differential equation.
However, we would like to be able to see the inpud outputs. In other words,
we would like to monitor the signalgt) and z(t) . We can do this using a
‘Scope’ which is in the ‘Sinks’ group. Drag thesto your model and connect
them appropriately. (Hint: You can split a sighglholding down the right
mouse button on the existing signal and dragging).

Run button
E! <Student ¥Yersion> mass_spring_damper_model_ODE ' ¢ o ] 4]
File Edit View Simulation Format Tools Help “
DSEE| R ¢ |22 s |BFelesy pEE®
monitar ult)
E (limiFuct)
Step *™_2_doubledet = (lmui) - gumyz - feimirz det [ 1 1
- hl z_dot = z
obtain z_dot obtain z manitor zt)
(oimyz_dot __,_/';;nf|=
= |
iy o
M |
Ready [1o0%% [ |odess Vv
Figure 9: Final model.
13.Save the model as ‘mass_spring_damper_model_ODE.mdlI
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14.We can now simulate the system. This can be darg/ways as listed below

a. Click on the “Run” button
b. Go Simulation > Start
c. Using the “sim” command from the Command window.

For now, simply use option a or b, we will visiing option c later.

15.We would like to look at the response of the systsing the scope. Double
click on the scope block to open it up. Autosthieplot so that you can see the
response (the autoscale button looks like a pairajculars). You should see
something similar to Figure 10.

) <Student ¥ersionZ : monitor z{E o ] |

SHLPL MBEB|EAF -~

) <Student Yersion> : monitor ufk ;lglil

SHEPLH HBE DA T -

1)1 =f| A S U S [

Time offset: 0

a) u(Y signal b) z(t) signal

Figure 10: Output from scope outputs
METHOD 2: State Space Repr esentation

Recall that in addition to using a second order @D Emodel the system, we can use a
state space representation of this system of

X = AX +Bu Equation 2
y=CX+Du
0 1 0
where A= B= Cc=(@1 0) D=0
-k/m -c/m 1/m

Once again, lek =2, c= 05, andm=1.

© Christopher W. Lum lum@u.washington.edu Page 7/17




16. Start a new, blank model. Click on the “State-&3&dock and drag this into
your blank model. Your model should now look likgure 11.

_ioix]

File Edit Wiew Simulaktion Formak Tools Help

D& F 2R Sy =y hE T ®

= PutBu
w= Cutlu

State-Space

Ready 100%: ndeds
s

Figure 11: Simulink model with just state spaceckladded

17.We now need to define the parameters of this bld@&uble click on the block to
enter the parameters.

Enter in the A, B, C, and D matrices. Leave theahconditions as 0. (Note that
this is the initial state vectog(0) and since there are 2 states, 0 actually implies

x(0)=(0 0)")

18.Now, let’s subject this system to a unit step inpbich occurs at t = 1 second.
Click on “Sources” in the Simulink interface anddithe “Step” block. Drag this
into the model and connect the output of the stepé input of the state space
model (this can be done by clicking on the Step th@ding Ctrl and then
clicking on the state-space block).

19.We would like to be able to view to output of tlystem so Click on “Sinks” in
the Simulink interface and find the “Scope” blodRrag this into the model and
connect the output of the state-space block tangmat of the sink. Your simulink
model should now look like
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Run button
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Figure 12: Simulink model with source and sink

20. Save the model as “mass_spring_damper_model.mdl”

21.We would like to look at the response of the systising the scope. Double
click on the scope block to open it up. Autosthieplot so that you can see the
response (the autoscale button looks like a pairajculars). You should see
something similar to Figure 13.

=1
lemocep ABB B E %

Time affzet: 0O

Figure 13: Simulated response of system from sbbgek
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22. Although this is nice for simple analysis, we wablike to interface this with
Matlab so we can analyze the data using Matlabtiomes.

Let’s analyze how the system response changes ulsealifferent damping
coefficients of ¢ = 0.5, 1.0 and 1.5.

This would be very tedious if we had to changeAhmatrix each time by hand
and then simulate the system and then look atltte pherefore, we will use the
m-file to write a script which will do this for us.

23. Start a new m-file.

24.Let’s first analyze the system response when &= Define the A, B, C, and D
matrices in the m-file. A sample code is showrohel

Fomm e Fart 15-----—--—--———m -
(Define the constants

E=a;

m=1;

c = 0.5

¥Enter the 4, B, C, and D matrices

A = [0 1;
-k/m -c/m];:
B = [0;
l/m]:
C=1[10]:

il

[0]:

25.We can actually use variables in all the simulitdcks provided that they are
defined in the Workspace before the model is mow change the parameters of
the State-space block to match the matrices thatlgfined in the m-file. The
state space block should like similar to
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Block Parameters: State-Space |

— State Space

State-gpace model:
dwddt = A + Bu
pw=Cx+[0u

— Parameters

||:
O:
|D

[nitial conditions:

|n

Ahbzolute talerance:

|aut|:|

(] 4 I Cancel Help | Smply |

Figure 14: State space block parameters usingblas as parameters

26.We need to export the data from simulink to Ma#althat we can plot it.
Namely, we would like to see both the input angatibf the system. To do this,
we use the “To Workspace” block which can be foumthe Sinks library. Drag
2 of these blocks into your model and connect tteethe input and output (Note:
to make a branch of a signal, right click on thgnai and then drag to the second
connection)

27.We need to modify the parameters of these two klgtightly. The appropriate
parameters are shown below
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Block Parameters: To Workspace |

— To'workspace

Wfrite input to specified array or structure in MATLAR's main workspace.
Data iz not available untl the simulation 1= stopped ar paused.

— Parameters
Wariable name:

|sim_u
Limit data points to lazt:
finf

Decimation:

|1

Sample time [-1 for inherited):
[

Save format: IStructureWithTime j

] I Cancel Help Apply |

Figure 15: Parameters for the “To Workspace” block

Your simulink model should now look like

E!mass_spring_damper_mudel & - |EI|£|
File Edit Wiew Simulation Formak  Tools  Help

D& tER Q) &l RE T ®

sim_u sim_y
To Wotspace To Maokspace
= FoctBu [
w= CuwtDu
Step State-Space Soope
Ready [100% | | |ode4s 4

Figure 16: Simulink model with “To Workspace” bksc

28.The simulink model is now setup to export the datdne workspace. When the
model is run, three variables will be created mworkspace. They are
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Variable Name

Class Comments

sim_u struct array Created by ‘To Workspace” block
sim_y struct array Created b{'2To Workspace” block
tout double array Automatically created by Simulink when you run adeb

29. Write code to run the model from the m-file usihg tsim” command. Also,
write code to extract the data (namely the inpuat @aumtput of the model). A
sample code is shown below.

Functions:

sim

Note:

For our purposes, use sim with only 1 arguybre name of the
model which you are trying to run

(Let's run the model from the m-file using the "sin" commarnd
gin('mass_spring damper model'):

(Now extract the data

L = gim_u. time;

U = 3im u.signals.wvalues:
¥ = 3im_¥y.sSignals.wvalues:

30. Find the maximum response of the system. Thénig,max(y). A sample code
is shown below

Functions:

max, find,

Note:

Here is an example of how to use these fumti

(Let's find the maximum response of the zysten
max¥_y¥ = max(¥):

(Now that we know max(v), we want to find out where in the wector this
occurs.  This means that we want to £ind the index.
max_index = find(y==max_¥)

31.Plot both the input and output of the system orstitae graph. Plot the input as a
thick blue line and plot the output as a thick lied. Mark the maximum
response of the system with a large, thick, blackabel the plot appropriately.
Add a grid and a legend. In the legend, reporttwamaximum value of y(t) is.
A sample code and the output (after being expasted .jpg) is shown below

Functions:

figure, hold on, plot, grid, xlabel, ylabel,legemdjm?2str

Note:

The num2str function is one of the most lipdditting functions. Be sure

that you understand how to use it.
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(Now let's plot the data to werify that we hawve it correct
ficqure

hold on

plotit,u,'b-','Linellidth',3)

plotit,¥,'r-"', 'LineWidth' 3]

plotitimax_index) ,v(max_index),'kx', 'Marker3ize', 15, 'LineWlidth',3)
grid

title('Besponse of 3vstem with ¢ = 0,5')

®x1label ('t [zec)')

ylabel('y (m]']

legend('a','y', ['nax (¥)] = ', nundstr{max ¥ )

hold off

The output of this code should appear as

Response of System withc=0.5

— ]
—

09t « ol B max(y) = 0.78346

0.6

y (m)
o
W

0.4+

03

01

32.Now let’s see how the response of the system clsangk different damping
coefficients. Simulate and plot the response efstystem with three different
damping coefficients of ¢ = 0.5, 1.0, and 1.5. &&a use a for loop to make the
coding easier. A sample code is shown below.

Functions:| for, length, ...
Note: The “...” symbol mean continue typing on thgtri@e. This allows a very,
long line of code be broken up into two separatedi
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tNow let's repeat thisz process for three different waluez of c.  We would
t1like to use a for loop to make this easier. First, we define a wector
tywhich contains the waluez of ¢ which we would like to use

c_range = [0.5 1 1.5]:

LA3tart a new figure to plot all the results in (we do this outzide the for
tloop becausze we ohly want 1 figure, not 3). A4lsc turn the hold on

ficure

hold on

3Dhefine a color map which basically defines what different colors we use to
3plot the different responses
color_map = jet(lengthi{c_range));

for n = l:lengthic_range)
(0btain the current walue of c

C = c_range(n):

tRedefine the 4, B, C, and I matrices with the new walue of ¢

L= [0 1;

-k/m -csu];
B = [0:

l/u]:
C=1[1a]:
D= [0]:

(Fun the Simulink model with the new walues of 4, E, C, and D
gimi'mass_spring damper model');

$Extract the data

L = 3im_u.time;
u = gim_u.szignals.walues:
¥ = gim_y.signals.walues;

3Find the max of ¥ and the index where this occurs

© Christopher W. Lum lum@u.washington.edu Page 15/17




max_¥ = maxiyl:
max_index = find(y==max_¥):

4l=z0 we want to store this data zo0 we can use it in the legend later
nax_y_datain) = max_y’

(Plot the new data
plot(t,¥,'LineWidch', 2, 'color' ,color_map(n,:))
plot(timax_index),¥(max_index),'x','color',color_mapin,:),...
'Marker3ize!' 15, 'LineWidch',2)
etd

3Plot the input only once
ploc(t,u,'r-','Linellidth',2)

tLabel the figure

title('Response of Systen with Different Damping Coefficients!')
®label('t (zec)')

ylabeli'y (m]')

legend(...
['v (o = '",numzstric_range(l)), ') '], ['nwax(¥) = ',numastr (nax_y_data{l)i]l,...
['v (o = '",numzstric_range(2)), ') '], ['nwax (¥) = ',numastr (nax_y_data{z))i],...
['v (o = '",numzstric_range(3) ), ') '], ['nwax (¥) = ',numastr (nax_y_data{3)1],...
|u|:|

grid

hold off

The output should look like

Response of System with Different Damping Coefficients

— y(c=0.9)
: X max(y) = 0.78346
09+ : ; y(c=1)
: max(y) = 0.65241
y(c=15
08F max(y) = 0.57003
—_—u
0.7
0.6 : :
Eost : /\
> \
0.4r
0.3
02
01r
O L L 1 L L L | 1 I}
0 1 2 3 4 5 6 7 8 9 10

© Christopher W. Lum lum@u.washington.edu Page 16/17



Version History:  09/28/04: Created:
11/23/05:

12/01/05:
12/09/05:
10/31/06:
11/01/06:
09/15/09:
09/25/10:

© Christopher W. Lum

Updated:

Updated:
Updated:
Updated:
Updated:
Updated:
Updated:

made this format match otheta@ocuments
and removed references to AA547.
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