Short Tutorial on Matlab
(©2004, 2006 by Tomas Co)

Part 3. Simulink® Basics
1. A smpleexample.

Suppose you want to model the response of afirst order processmodel given by the
following equation:

dr 1 _
i T(Tm T)
T(0) =T,

where Tisthe residence time parameter, T, istheinlet temperature and T isthe
temperature of the continuously stirred tank.

Step 1. Activate SIMULINK

In the command line, type

| >> sinmulink

( Alternatively, you can use the Matlab launch pad and double click on
Simulink icon. )

The simulink library browser should pop out as shown in Figure 1.

Step 2. Create a blank Simulink model window.

Onthe Library Browser window double-click on the "Create Model" menu
button (asindicated in Figure 1.). Alternatively, you could also select from the
[ Fi | e] 2[ New] [ Model ] submenu choice.

A model window as shown in Figure 2 should now pop out. This is where we
will be adding our simulation blocks.

Step 3. Import blocksfrom the Library Browser to the Model window.
Going back to Figure 1, double-click onthe "Mat h Oper at i ons™ icon.

The right-side of the Library browser should change. Scroll down until you
find the "Gai n" block (as shown in Figure 3.)
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Figure 3.
Now drag-drop the "Gai n" block into the Model window.

Back to the Library browser, on the right side, scroll down further until you
find the "Sum' block and then drag-drop this block into the Model window.

Y ou could move the two blocks (via click-drag) around in the model window
to match what is shown in Figure 4.
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We need three more blocks which are included in other Simulink
subdirectories. First, click onthe"Cont i nuous™ subdirectory that ison the
right side of the Library Browser. This should change the left side of the
Library Browser window as shown in Figure 5. Select the "l nt egr at or "
block and drag-drop it into the Model window.
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Next, in the Library Browser, select the "Sour ces" subdirectory (left side).
Ontheright side of the Browser, select the "St ep" block and drag-drop it
into the Model window.

Finally, inthe Library Browser, select the"Si nks" subdirectory (left side).
Ontheright side of the Browser, select the "Scope™” block and drag-drop it
into the Model window.

After all these blocks have been imported, the blocks can be moved around to
match the positions shown in Figure 6.
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At this point, it may be instructive to layout the roles and connections among
these five blocks:

i) TheSt ep block will be used to implement a step change in Tj,.

i)  The Sumblock will be used to take the difference: (Tir-T). Of course, we
need to change the properties of this block to reflect a difference instead of
a sum (which we will do below).

iii)  The Gai n block will be used to change the difference (Ti,-T) by a factor.
In our case, this factor will be (1/1). Thusthe output of the Gai n block
will be (/7)(Tir-T). Inreference to our process model, the calculations
yield the value of the derivative dT/dt.

iv) Thel nt egr at or block now takesin the dT/dt signal and outputsthe
desired T signal.

v) The Scope block now simply reads in the T signals as a function of time
and plotsit in a separate window.

Step 4. Changethe properties of the blocks, if needed.

Aswe mentioned, we need to change the Sumblock to obtain a difference. To
do so, double-click the Sumblock. A window should pop-up as shown in
Figure 7. Inthe"List of Signs" input box, change the original entry to | +- ".
Then click the [OK] button to close this window and go back to the Model
window.
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Next, double-click the St ep block. A parameter window should pop-up.
Match the parameters shown in Figure 8. This means T;, will have a value of
20 until thetime, t =3. After that, Tin will jump to avalue of 30.
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Next, double-click the | nt egr at or block. A parameter window should pop-
up. Inthe"Initial value:" input box, change it to 20. This means we are setting
T,=20.

Finally, double-click the Gai n Block. Another parameter window should pop-
out. Suppose we want to use avalue of T = 4 for our time constant. This
means the reciprocal, (1/1)=0.25. Thus, in the parameter window for the Gai n
block, change the gain from 1 to 0.25, and click [OK]. (' Inthe Model window,
the value of 0.25 might not show. You can resize the Gai n block by clicking
on it once, and then dragging the black cornersto resize it.)

Step 5. Connect the Blocks.

Method 1: Short cut.

To connect the | nt egr at or block and the Scope block, first click onthe
Integrator block. Next, CTRL-click on the Scope block. An arrow should
connect the two blocks. (Note: the sequence of blocks clicked will determine
the direction of the arrow.)



Method 2: Manual.

Try connecting the Gai n block with the | nt egr at or block. First, move the
cursor to the left port of the Gai n block until the cursor changesto a cross
symbol. Next, click-drag the cursor to the input port of thel nt egr at or (a
dotted line should be dragging behind), then release the mouse-click.

Using either method 1 or method 2 to connect the blocks to match Figure 9.
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Next, we need to tap into (i.e. split) the T signal that goesto the Scope block,
and feed it back to the Sumblock. First, position the cursor somewhere in the
middle portion of the signal line connecting the Integrator block and the
Scope block as shown in Figure 9. Next, while depressing the CTRL key,
click-drag the cursor (which should turn to a cross once you depressed the right
button of the mouse) until it is positioned on top of the "minus" port of the Sum
block, then release the buttons. A new split line should appear. (You can
resize the signal line by clicking on it once and then dragging the black
corners.) We now have the final configuration for our model shown in Figure
10.
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Step 5. Perform the smulation.

We could set simulation parameters by first selecting the submenu item
[Si mul ation]=>[Si mul ati on paraneters...]

EI untitled = =

File Edit ‘iew | Simulation Fomat Took Help

O g = T Ly S R E T ®
e Siom
Simulation parameters. .. Chil+E
| [ Mechanical enviranment... p:l
1
Step L’/f Integratar Scope
ain
Shows the simulatior |100% | | [odeds o
Figure 11.

(for version 7.0, thiswill be[ Conf i gurati on paraneters...])

Set the stop time to 20.0 as shown in Figure 12, and then click [OK].
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Next, run the simulation by pressngthe “Run” button as $own in Figure 13.
Alternatively, you can seled the [Si nul at i on]—>[St ar t ] submenu item
(seeFigure 11.)
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To seethe results, double-click the Scope block. A figure with a plot should
pop out. To seethe whole plot, click the “Aut oscal e” button, as siown in
Figure 14.
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Step 6. Savethe mode.

In the Modd window, seled [File] >[Save As] and save the model. The file
willd be savewitha *. nmdl extension. (For later purposes, we will save our

model syssemassi npl e. ndl \)

2. Communication between the M atlab’s Command window/wor kspace and
Simulink’s M odel window.

a) Exporting the outputsto theworkspace

Go to the Simulink Library Browser and seled the Si nks subdiredory (onthe
left side). From the right side of the browser, drag-dropthe[To Wor skspace]
block into the Model window and drag another split signal to this block as shown
in Figure 14.
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Double-click the[To Wbr kspace] block (in Figure 14). A parameter window
should pop-out. Changethe entry inVari abl e Nane to T. Also, changethe
Save For mat seledionto“Array”, as siownin Figure 15. Click [OK].

Next, in the Model window, seled the [Si mul at i on]=>[Si nul ati on

par anet er s. . . ] submenu once more. Thistime choose the [Workspacel/O]
tab. Click onthe Ti e variable and change the name fromt out toti ne as
shown in Figure 16. Also, nea the bottom of the window, change the For nat
to: Array. Click [OK]. (In version 7.0, you need to select [Data import/export])
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Start the simulation by clicking the “Run” button. Next, go bad to the Matlab
command window. Y ou should now have the two vedors avail able in the
workspace time and T, which you can plot or perform other forms of data
processing via Matlab commands.

Invoking a Simulink run from Matlab command window.

Sometimes, it may be more efficient to run the simulation from the command
window. For instance, you could change parameters for arange of say 10 values
using a script file and then colled the results in a structure or afile for further
processing.

- Torea thevalue of 'Gain’' parameter inthe Gain block, use the following
command:

| >> g_svalue=get_param('simple/ Gain','Gain’)
Remarks:
i) Thestring, 'simple/Gain' , identifiesthe Gain block in the

model we a@lled simple (sincewe saved the model as
simple.mdl ealier).

Tip: If you are unsure aout the path nrame for a block, you can first
go to the model window and click on the block of interest. Then go
bad to the Matlab command window and type the command gcb ,
(which stands for "get current block™):

>> gcb

ans =

simple/Gain

i) Thesemnd string, ‘Gai n', is one of the parameters in the parameter
window. Another parameter you could try to read is
‘Multiplicatio n', among ahers.

Note: Thiscommand line will yield a string result. To change the
string to a numeric value, you will need to use the Matlab function:
str2num , i.e.

>> g_value=str2num(  g_svalue)

g_value =

0.2500
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- To change the parameter value in a Simulink Model while in aMatlab
command window, use set_para m:

| >> set _param('simple/Gain','Gain’,'0.30")

Note: Theinput for the 'Gain’ parameter is a string, hencewe used '0.30.

If you go bad to the model window, the value shown in the Gain block
should have changed from 0.25to 0.30.

- To runthe Smulink simulation from a command window, type the following:

| >> sim('simple)

- Example : Suppose you want to run the Simulink model, simple , which
we have built so far, for several values of gain and graph the results all
together in asingle plot. Oneway isto use aeaeascript file a show below
and run it.
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%
% Script file for running the Simulink model 'simple'
% for different values of gain

% ( ¢) 2004 Tom Co
% @ Michigan Technological Univesity

open _system('simple")

% Initializations
%

tagCollect =[] ;
timeCollect =[] ;
TCollect = ] ;
plotcolors =' bgcmkbgecmkbgemk'

nvals =0 ;

% Calculations
0p ============
for gval=0.2:0.2:1.0
nvals= nvals+1 ;
gvalStr = num2str(gval,3) ;
set _param('simple/ Gain','Gain’',gvalStr) ;

sim('simple") ;
timeCollect = [ timeCollect, time] ;
TCollect =[ TCollect, T ] ;
tag =['Gain =", gvalStr] ;
tagCollect = | tagCollect,{tag}] ;
end
% Plotting
0p ========
hold off
for i=1:nvals
plot( timeCollect(;, i), TCollect(:, i), plotcolors( 0));
hold on
end
hold off
legend( tagCollect) ;
xlabel('Time ( mins)") ;
ylabel('Temperature (* oF)) ;
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Remarks;

i) Weincluded aline:

| open _system('simple’)

Thisisto make sure the Model is open prior to the use of commands
set_param andsim . (If the model, simple , isalrealy open, it will not do

anything.)

i) The variable plotcolors isastring array that would indicate the mlors
used for plotting. For example, 'bc g' will mean the sequence blad, cyan,
gree.

i) tagCollect isa cll array, so be caeful to use the aurly brackets as written
inthe script. We use a cé array because thisiswhat is required by the
command legend .

iv)Notethe use of commands, hold on and hold off  to allow the plot
command not to erase previous plots.

v) Sincewhen using set_param, the gain value should be astring, we need to
convert the numeric value of gval to a string as follows:

| gvalStr = num2str(gval,3)

where 3 signifies the string wil | show threesignificant figures.
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