Simulink® Tutorial 1

Simulation of a temperature measuring system

1. Aims
e To use Simulink as a simulation and diagnostic tool for dynamic systems
e To simulate instrumentation systems with Simulink
e To do scientific computation with Simulink

2. Learning Outcomes

Upon completion of this Tutorial you will be able to:

Create and run a Simulink model

Compute value of a function and display computed results with Simumulink
Use blocks in Simulink Library Browser

Configure system parameters

Configure simulation parameters

Store simulated data to Workspace and save Workspace to files

3. Hands-on Exercises
Hands-on Exercise 1: Create and Run a simple Simulink model

Statement of Problem
Create a Simulink model to simulate a signal that have the following form:

y=2+3sin(ot+n/2) (t=01010, ® = 2 rad/s)
In the Simulink simulation program, do the following:
e Compute value of y vs t (from 0 to 10 seconds)
e Display value of y (with digital display and graph)
e Save data to Workspace
SOLUTION
Block diagram algorithm:

Block diagram algorithm for function (1) is given in Fig. 1.
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Figure 1 Block diagram algorithm for equation (1)
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Create a Simulink model:

Do the following steps:
e Start Simulink

Open a new model — Save the Simulink model as MyFirstSimTute01Ex01.mdl
Select a Constant block (Sources)
Select a Sine Wave block (Sources)
Select a Sum block (Math Operations)
Select a Clock block (Sources)
Select a Display (Sinks)

Copy Display to Display 1
Select a Scope (Sinks). The Simulink model should look like the one in Fig. 2.
Save the Simulink model.
Connect/wire blocks as shown in Fig. 3.
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Figure 2 Start a simple Simulink model
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Figure 3 The Simulink model ‘MyFirstSimTute01Ex01.mdI’

System Parameters:
e Double-click the Constant, change the Constant value to 2 as shown in Fig. 4.
e Click the OK button.

E! Source Block Parameters: Constant x|

Constant

Output the constant specified by the 'Constant value' parameter. If 'Constant value' iz a
vector and ‘Interpret vector parameters az 1-00 is oh, treat the constant value as a 1-0
array. Othenwise, output a matrix with the same dimensions as the constant value.
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Figure 4 Change parameter of the Constant block

e Double-click the SineWave block, do some changes as shown in Fig. 5.
e Click OK button.



=] source Block Parameters: Sine Wave x|

— Sine Wave

Output & sine wave:
0[t] = Amp~Sin[Freqt+Phase] + Bias

Sine type determines the computational technique used. The parameters in the bwa
types are related through:

Samples per perod = 2°pi # [Frequency * Sample time)
MNurber of offset samples = Phase = Samples per period / [27pi)

Use the sample-based sine type if numerical prablems due to running for large times
[e.g. overflow in abzolute time) occur.
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Figure 5 Settings of sine wave signal
Configuration of Simulation Parameters:

e Before running the Simulink model, we need to set simulation parameters by selecting the
Simulation menu — Configuration Parameters:
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Figure 6 Simulation menu > Configuration Parameters...



The Configurations dialog box will appear as shown in Fig. 7. In this dialog box we can set
some parameters such as Start time 0.0, Stop time: 10.0 (seconds), and Solver: ode45. Click
OK button. The Simulink model is ready to run.
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Figure 7 Configuration Parameter dialog box

Run Simulink model:

e Double the Scope block and move it to a desired position on the screen.

e Run the Simulink model by selecting Simulation — Start or click the N button.

The resulting Simulink model should look like...
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Figure 8 Resulting Simulink model




Store Data to Workspace
1. Use of To Workspace and a Mux

Simulated data (including time, t, and value of the function (1), y in a matrix)
e Launch a To Workplace block from the Simulink Library Browser > Sinks
e Launce a Mux block (from Commonly-Used Blocks)
e Wire them as shown in the following figure:
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Figure 10 Launching To Workspace and Mux blocks

e Double click the To Workspace, and set:
0 Variable name: data
0 Save format: Array
e Click the Apply button then the OK button.



E! Sink Block Parameters: To Workspace Xl

— TowWorkspace
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available until the simulation iz stopped or paused.
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Figure 11 Sink Block Parameters: To Workplace Windlow

e Save the Simulink model
e Run the Simulink model. The simulated data are in Workspace (matrix “data”).
¢ In the Command Window, type the following commands:

>>t=data(:,1)
>>y=data(:,2)

>>plot(t,y);grid
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Figure 12 Graph of y =2+ 3sin (ot +n/2)



2. Use of Scope

e Save the Simulink model as “MyFirstSimTute01Ex0102.mdl”.
e Double click the Scope block
o Click the Parameter button:
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Figure 13 Scope > Parameters button
e Select the History tab

e Set the ‘Scope’ parameters as in the following figure:

) 'Scope’ parameters ] [
Genersl | Data history Tif: try right clicking on axes

[ Limit data poirts to last: |EDDD

¥ Save datato workspace

Wariahle name: IScnpeData

Format: Structure with time

0K | Cancell Help | Apply

Figure 14 Data history tab
Click Apply button
Click OK button
Save the Simulink model
Run the model
View Workspace... there must be a variable named “ScopeData”



In the Command Window, type the following command:

>> ScopeData
that is resulting...

ScopeData =

time
signals

blockName:

Let’s extract signals from the ScopeData variable by typing the following commands in

: [10001x1 double]
: [1x1 struct]
"MyFirstSimTute0O1lEx0102/Scope*

Command Windows:

>>t = data.time

(to retrieve time)

>> y=ScopeData.signals.values
(to retried signal y)

>>plot(t,y);

grid

The resulting plot looks like...
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Figure 15 Plotting data (y vs t) from ScopeData
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Selection of Solver and Step Size:
e Simulation menu > Simulation parameters > see the following figure:
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Figure 16 Change Variable step to Fixed-step and Solver to Ode4 (Runge-Kutta)

e Click Apply button, then OK button. Run the Simulink model and plot y vs t:

5

Figure 17 Smoother graph of y = 2+ 3sin (ot + 1t/ 2)

Save Workspace to a MAT-formatted files:

In some cases it is necessary to save all data in Workspace to files. In order to view the contents
of Workspace, select the Workspace tab as follows:
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J MATLAB 7.5.0 (R2007b}
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> In general'privateopenmd]l at 13
In open st 148
In uiopen at 195

Warning: MyFirstSimTute0lExO0102 .mdl,

parameter nsmed 'SswpleTimelnnotacions'.

line 32: block diagram does not have a

> In generaliprivate\opemwdl at 13
In open at 145
In uiopen at 196
Warning: MyFirscSimTuce0lExO010Z.mdl,
parameter named

line 41: block diagram does not have a
'ShowZignalResolutionIcons' .
> In general‘\privatelopenmdl at 13
In open at 148
In uiopen at 196
Warning: MyFirst3imTute0lExO0102 .mdl,
'CovHodelRefEnahle’ .
> In generaliprivatelopenmdl at 13
In open at 143

line 72: hlock diagram does not have a
parameter hnamed
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In uiopen at 196
Warning: MyFirstSimTute0lEx0102 .mdl, line 130: Value
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Warne Size Bytes Class Attributes
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4] |
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Figure 18 Workspace tab

Or type the following command in Command Window:

>>whos

That results in
Name

ScopeData
tout

Bytes Class Attributes

161080 struct
8000 double

Type the following command to save all data in Workspace to “Tute01ExX01.MAT’ file

>> save TuteOlExO1
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The file will be in the Current Directory as follows:

T T G w -  Workspace
e T =

&l Files £ Type
] Ty T TS LT T LTE T = 2 T T TeTOTIET LI

%) My FirstSimTute01Ex0102. mdl Model

%) ResistanceTransducerSim_Tute 02, Model

%) SecondOrderSysSim01. mdl hodel

%) SimulinkModeld? . mdl Model

%) TernpLoggingSirmulinkiodeld ! mdl hodel
ﬂTemanggingSimuIinandelDE.mdl hodel

%] TempLoggingSimulinkiModeld3. mdl hlodel

%) TernpheasurementSirn_Tute_O1.mdl Maodel

%) TestD1.mdl Madel

% Test02. md Madel

=) TestUSEE003_01.asv Editor Autosave
) TestUSBERO09_01.m k-file

= TestUSBERO09 02, asy Editor Autosave
) TestUSBEROOS_02.m k-file
Tutel1Ex01. rmat & T-file

%] TempheasurementSim_Tute 01 00.... Model -
< | 2

Figure 19 A new MAT file has been created

To load the MAT file, type the following commands:

>>clear
>>whos
>>load TuteO1lEx01
>>whos

That results...

Name Size Bytes Class Attributes
ScopeData 1x1 161080 struct
tout 1000x1 8000 double
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2. Hands-on Exercise 2: Simulation of a temperature control system

Statement of Problem: Temperature measurement

A PC-based temperature measuring system is shown in Fig. 14 in which the signal is processed

as: 0-100°C > mV > mA (4-20 mA) > SC-2345: 1-5 [V] - DAQ : 1-5V (software).

Temperature @

Process 7 e
— N — —
(0] ¥
(0-100°C) ¥ 4-20mA 15V
Te}nperature Current-to-Volt DAQ PC/Software
transmitter (sensor) converter (PCI1 6036E) (Simulink)

Figure 14 PC-based temperature measuring system

In the Simulink model, perform signal processing (conditioning) and display:
e Temperature in V (uin: 1-5 V) — simulated by a signal generator block
e Temperature in mA (u: 4-20 mA)
e Temperature in °C (y: 0-100°C)

SOLUTION

The signal processing in PC/software will be:

uin [V] = ur [A] u [mA] y [°C]
" K » K> » Kz —>
1-5V 0.004-0.020 A 4-20 mA 0-100°C

A 4

K4y — % of span 0-100%

Therefore we have the following algorithm
Ohm’s law:

ur [A] :% = uinxK, (R =250 Q, thus K; = 1/R = 1/250)

Convert A to mA:
u=u,xK, (K;=1000)

Convert mA to °C:
AY YooY 100°C—0°C  100°C °C
Au 20mA-4mA 16mA mA

Upnax = Unin

A —y
K, :A—Z:ﬂ:y: Ky(U—Up,;, ), U0 = Umin = 4 MA, thus: y = K (u—u,)
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Convert V to % of span:
% of span =uin_, —uin_, =5V -1V =4V

or

K4

_ 100%

= 25[%]

% of span =K, (uin,,, —uin_; )=25%(5V-1V)

Block diagram algorithm:

[1-5 V]

Indicator 1
[V]

Uin

[VI

P> X

[A]

X
)
250

R

X »
roduct 1 [ - X " [°C]
1000 Product 2 Sum 1 ——

K2

A 4

Digital
Indicator 2 Graphs (Waveforms,
[mA] > Charts)
3 Recording/Saving
o [mA] [0-16 MA]
» + -
> Indicator 3

[EN

jSum 2

[0-16 mA] Ks
X Indicator 4
X [%]
jProduct 4
25
K4

Figure 15 Block diagram for temperature measurement

Programming with Simulink
e Open a new Simulink model
e Save as “TempMeasurementSim_Tute01_Ex02.mdl”
e Refer to the block diagram algorithm in Fig. 15 select all necessary blocks from the
Simulink Library Browser as in Fig. 16.
e Wire the blocks and set system parameters as in Fig. 17 (demonstrate each step).
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Figure 16 Necessary blocks for block diagram algorithm in Fig. 15
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Figure 17 System parameters
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e Configure simulation parameters as in the following figure:

onfiguration Parameters: TempMeasurementSim_Tute01_Ex02/Configuration (Ackive) ll

Select: | — Simulation tirme
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Stant tirne: |0.0 Stop tirne: |inf
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Connectivity Fived-step size [fundamental sample time): ID.DD‘I
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Model Referencing Tasking mode for periodic sample times: IAuto LI
- Saving [~ Automatically handle data transfers between tasks

- Hardware |mplementation
- Model Referencing

- Real-Time Waorkshop
Comments
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Interface

™ Higher pricrity value indicates higher task pricrity

Ok I Lancel Help Apply

Figure 18 Simulation parameters

e Save the program.
e Run the Simulink program... The resulting program looks like...
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Figure 19 Simulation program for temperature measurement



e Luckily so far there is no error!
You can test the functionality of the program by changing some values of uni below:

un=1V - 4mA — 0°C — 0%
uin=2VvV —-> 8mA — 25% — 25%
uin=3V —» 12mA — 50°C —50%
uin=4VvV —» 16 mA — 75°C —75%
uin=5VvV —» 20 mA — 100°C —100%

WELL-DONE!
Conclusions

At this point the following learning objectives have been met:
e Create and run a Simulink model
Compute value of a function and display computed results with Simumulink
Use blocks in Simulink Library Browser
Configure system parameters
Configure simulation parameters
Store simulated data to Workspace and save Workspace to files

Follow-up Exercise Simulation of a level measurement system

A PC-based level measuring system is shown in Fig. 20 in which the signal is processed as: 0-
400mm > mA (4-20 mA) > SC-2345: 1-5 [V] - DAQ : 1-5V (software). Make a Simulink model
to simulate the level measuring system (you can modify the above simulation program).

Level
Process
—>
Level transmitter  Current-to-Volt DAQ PC/Software
(sensor) converter (PCI 6036E) (Simulink)

Figure 20 PC-based level measuring system
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