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Abstract 

An important class of problem in dynamic systems consists of bodies which vibrate or other wise respond to applied disturbance in the presence of restoring force. The response of a structure to an earthquake and an out of balance motor on its mounting are two examples of this problem. The objective of this article is to examine the vibration and time response of a mechanical system using MATLAB® and SIMULINK. The detailed study of vibration and time response is a large subject of specialized study, only a brief introduction to the topic will be given in this article.

1. Introduction 

An important class of problem in dynamic systems consists of bodies which vibrate or other wise respond to applied disturbance in the presence of restoring force. The response of a structure to an earthquake and an out of balance motor on its mounting are two examples of this problem. The objective of this article is to examine the vibration and time response of a mechanical system using MATLAB® and SIMULINK. The detailed study of vibration and time response is a large subject of specialized study, only a brief introduction to the topic will be given in this article.

2. System description

By far the most equivalent system for modeling vibration problem consists of a concentrated spring-mounted mass subjected to disturbance force and retarding force. Such system is represented in figure 1.1. 
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Figure 1.1a Mechanical System

 The free body diagram of the system is shown below
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3. The Mathematical Model of the system

 From the Newton's law of motion and from the free body diagram we have 
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Where  

(F is the applied-force   

(kx is the restoring force    

(b
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 is the retarding force

The solution for various values of b, k , and F cover a wide variety of  oscillation and response which can be used to describe the behavior of many engineering systems.   We summarize briefly the most common solution to equation (1.1)

Case 1 Free response (no damping) With b=mg=Fx=0, the mass vibrate freely with out energy loss, and equation (1.1) becomes 
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This equation is the characteristic description simple harmonic oscillation in which the acceleration is proportional to the negative of the displacement. 

Case 2 Damped Free Response: In this case the damping force is not negligible. From equation (1.1) it follows that in the free damping case the differential equation that describe the motion of the system is given by 

                   
[image: image4.wmf]0

=

+

+

kx

x

b

x

m

&

&

&

                           1.3
4. System Analysis

In this article we consider the simulation of a damped free response case only. The characteristic equation is obtained by assuming a solution of the form 
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. Substituting this in (1.1) and dividing by e(t  we obtain the characteristic equation :
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              1.4

By the quadratic formula 
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We call the quantity which determines the resulting motion by 
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Now we exam our system case by case. 
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 So (1 and (2 are real numbers. x(t) will be 
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where c1 and c2 are arbitrary constants.  Since  (>0  we can easily note that (1 and (2 are negative. Thus in solution (1.6) 

This is called over damped motion.
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.   In this case the (1 and (2 are real and equal.  So 
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Since 
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and the system is said to be critically damped motion.
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  In this case the roots (1 and (2 are
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where ( is negative. So the roots are complex
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By Euler's formula 

So 
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This is the damped oscillatory motion. 

THE STEP AND IMPULS RESPONSE OF OSCILLATORY DAMPED SYSTEM

Mesh plot showing the impulse and step responses of the system when the spring constant k is between 0.01 and 0.5 and the damping ratio b is between 0.02 and 0.1.



 THE STEP RESPONSE OF OSCILLATORY DAMPED SYSTEM

Mesh plots showing the step responses of the system when the spring constant k oscillate between 0.01 and 0.02 and the damping ratio B oscillate between 0.02 and 0.04.



Mesh plots showing the impulse responses of the system when the spring constant k oscillate between 0.01 and 0.02 and the damping ratio B oscillate between 0.02 and 0.04.

THE STEP RESPONSE OF OSCILLATORY, CRITICALLY AND OVER DAMPED SYSTEM 

Mesh plot showing the step responses of the system when the spring constant K change from 0.01 to 1 and the damping ratio B is change from 0.02 to 3 
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THE IMPULSE RESPONSE OF OSCILLATORY, CRITICALLY AND OVER DAMPED SYSTEM

Mesh plot showing the impulse responses of the system when the spring constant K change from 0.01 to 1 and the damping ratio B is change from 0.02 to 3 






Feedback Simulation

In this section we exam the step response of the system by building the feedback block diagram of it. The block diagram shown in the figure 3.3 has three sub-block diagrams. The sub-block diagrams drawn in cyan, clay and blue produces the oscillatory damped, the critically damped, and the over damped motion of the system respective.







The simulation observed on the scope
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 The Impulse Response (front view)





The Step Response (front view)





              The Step Response (side view)
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The Step Response (Side view)





The Impulse response (front view)





       The Impulse Response ( side view)





                    The Impulse Response (side view)
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                The step response (front view )








                The step response (side view )








Sub-block that produce critically damp motion





Sub-block that produce over damped motion
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Sub-block that produce Oscillatory damp motion
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