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Introduction:

Simulink (Simulation and Link) is an extension of MATLAB by Mathworks Inc. It works with MATLAB to offer modeling, simulating, and analyzing of dynamical systems under a graphical user interface (GUI) environment. The construction of a model is simplified with click-and-drag mouse operations. Simulink includes a comprehensive block library of toolboxes for both linear and nonlinear analyses.

Models are hierarchical, which allow using both top-down and bottom-up approaches. As Simulink is an integral part of MATLAB, it is easy to switch back and forth during the analysis process and thus, the user may take full advantage of features offered in both environments. This tutorial presents the basic features of Simulink and is focused on control systems as it has been written for students in

my control systems course.

This tutorial has been written for Simulink v.6.

Getting Started

To start Double click Matlab program on your desktop.

From Matlab command window, enter:

>> simulink

Simulink's library browser window like one shown below will pop up presenting the block set for model construction.

To see the content of the blockset, click on the "+" sign at the beginning of each

toolbox.

To start a model click on the NEW FILE ICON as shown in the screenshot above.

A new window will appear on the screen. You will be constructing your model in this window. Also in this window the constructed model is simulated. A screenshot of a typical working (model) window that looks like one shown below:

The best way to understand simulink more extensively is to familiarize yourself with the structure and the environment that is consisted in Simulink. Take a look through the various toolboxes to see all that Simulink can offer. You may not understand what each and every object does, but with more experience with the program you will become more familiar with the various tools. 

The best way to learn is to do it on your own and make mistakes, believe me even the person writing this tutorial made more then his share of mistakes in order to learn what the right move were. 

The purpose of this tutorial is to analyze a simple spring-damper system, which resembles a One degree of freedom model of a vehicle traveling over a rough road surface shown in Figure 1 below:
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Figure 1. (left) Schematic of a vehicle traveling over a rough road. (right) One DOF
base vibration model representing the system.




The various given information that is useful for this example are: 

Vehicle mass ( m ):  

1200 kg

Spring constant ( k ):  

400 kN/m

Damping constant ( c ): 
20x10^3 kg/s

Velocity of vehicle ( v ): 
100 km /hr

Amplitude ( Y ):


0.05 m

wavelength ( λ ):


6 m

Note that the problem can be modeled as a base vibration problem as shown in the model in Figure 1, where the frequency of the base excitation is a function of the vehicle speed and road roughness:
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Another way to look at this problem is in differential form which is stated as the following: 
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To begin this example we must first consider the input of the model. We are going to consider a simple sine wave for the rough road surface with the parameters of wavelength and amplitude as stated above. We can now move to the system by following these steps: 

STEP 1: CREATING BLOCKS.

From BLOCK SET CATEGORIES section of the SIMULINK LIBRARY BROWSER

window, click on the "+" sign next to the Simulink group to expand the tree and

select (click on) Sources:
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A set of blocks will appear in the BLOCKSET group. Click on the Sine Wave block and drag it to the workspace window (also known as model window). Now you have established a source of your model.
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VERY IMPORTANT NOTE: I would suggest saving frequently during creating your model just in case you PC crashes. We all know how reliable our laptops can be at times. ( 

CTRL+S is your FRIEND.

All Simulink model file will have an extension ".mdl". Simulink recognizes file with .mdl extension as a simulation model (similar to how MATLAB recognizes files with the extension .m as an MFile).

Continue to build your model by adding more components (or blocks) to your model window. 

The following items need to be added for our f(t) function wave. 

Blocks to be added: 


Location in Simulink Library:

Gain





Math Operation

Sum





Math Operation

Derivative




Continuous

Scope




Sinks

NOTE: If you wish to locate a block knowing its name, you may enter the name in the SEARCH WINDOW (at Find prompt) and Simulink will bring up the specified block.

Our formula for the sine wave signal should resemble the equation

  
y (t) = Bÿ + ký
Your model should resemble something like the following figure: 
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You are going to have to change the values of:

 - Sinewave

 - Spring

 - Damper

To change Sinewave parameters you must double click the box in the model until a new screen appears as below:
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The values needed to be changed are Amplitude to 0.05 and

frequency to 28.9 rad / sec.  

The reason frequency is 28.9 because the equation above asks for 

w = 2*∏*(V / λ )    Velocity needs to be converted to m/s which is 27.7 m/s. Then divide by 6 meters for wavelength. Lastly, multiply by 2*∏ to be your angular velocity of 28.9 rad / s.

Next you need to change the spring constant information, to do this double click the gain box the your spring is located to receive new screen which shows: 
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Only thing here that needs to be changed is to change gain value to 400,000 to represent the 400 kN/m spring constant for our system. 

Note: If you have trouble which way the gain is facing, type CTRL + R  and the gain should rotate, do this until your gain is facing the desired direction. 
Lastly to change the damper values, simply double click the damper gain box and the following box will appear:
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The only value that needs to be changed is the gain to 20x10^3 to represent the damper coefficient.

Now the extra scopes in between the model are to show the various plots of bÿ and ký in order to check your results to make sure they are correct. This can be done by hand or even by Matlab code. 

The f(t) scope in the end should resemble the following plot:
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If you plot shows the following, and the amplitude is somewhere near 4x10^4 then you are on track and can continue to next step. If your plot is wrong, please go back and check all your values and make sure your connections are made to the right parameters. 

We can now move on to the second part of this example which will consist of modeling now the actual spring damper system by using a new block, integrator, to mimic the equation that when you solve for the state equations from our first equation you get:

(1/m) * [b y' + k y] = x'' + (b/m) x' + (k/m) 
For this part you will need to add a few blocks that will consist of the following: 

Blocks to be dragged 

Location in Simulink library:

Scope



Sinks

Gain 




Math Operation

Sum 




Math Operation

Integrator 



Continuous

Scope Sinks

It may take a few tries but the right side of the equation is what we are trying to make now, and really the best way is to take it one piece at a time and go from there. 

The second part of the equation in Simulink should come out to look like this:
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So if we go from left to right we have  (1/ mass)  then integrating once with an integrator we connect to sum to get ( k / mass) and then integrating once more we get ( b / mass) that lead back into the minuses like the equation states if we set it to zero. 

Now we have to change values again but this time taking into account the changes. 

For the mass it is 1/m or (1/1200) which is put into the block parameter for gain just like below:
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Now for the damper we must change it to damper / mass or (20,000 / 1200) to satisfy equation which should look like:
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Lastly, for the spring, we must change the gain to k / mass or (400000 / 1200) which should resemble the following: 
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With these values we can now connect both sides of the equation to get a complete system that should look like the following: 
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So just to recap, the left side of the equation is acting as the bump road signal that the vehicle is constantly going over and the right side of the equation is our actual spring-damper system with the mass connected to it that represents our car. 

To check to see if you got the right answer you should be able to run the simulation and get the following plot in the pop-up window:
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It might be hard to tell, but to see if you got the write amplitude in the end, it should be somewhere around .0471 meters. 

Things to ask yourself while considering this system:

1. How would changing the mass of the system effect the behavior of the car due to velocity and road roughness?

2. How would changing the damper value of the system effect the behavior of the car due to the velocity and road roughness? 

3. How would the spring stiffness of the system effect the behavior of the car due to the velocity and road roughness?

Take a second and try to model this in our current model to see how the output would change by manipulating these values. 

SimuLink Homework: 

1.Going one step further with this idea, what would happen if you added various tragic elements to the road, such as huge potholes, or speed bumps and see how they would effect the system overall. Plot your results and explain how and why each element reacts to this disturbance as it does. 

2. What if you were to completely eliminate the constant bumpy road, and leave it as a simple flat road, but you drove over random speed bumps or potholes, show how these jolts would move the system and explain why your system reacts the way it does to these such events. 

HINT: Explore STEP Functions for this type of input signal for your homework. 

