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ABSTRACT –  Use MATLAB and hand-derivation to examine the behavior of dynamic mechanical systems described in state-space when acted upon by arbitrary input and input derivatives.  It was found that the transient response curves of the systems were the same whether evaluated by MATLAB or by hand.
INTRODUCTION AND THEORY


The purpose of this lab is to gain confidence in both MATLAB and the hand-working of state-space systems with arbitrary input and input derivatives.  There were three separate dynamic systems being considered in this lab, and each of them was analyzed by both MATLAB and by hand.

Consider the nth order system in state space shown on p.192 of Ogata.  For the purposes of this lab, Method 2 was the most suitable for analyzing these systems by hand, and various MATLAB programs were used to analyze them by computer.
PROCEDURE
Part 1.


In the first part of the lab, the mechanical system found in Ogata, Problem B-5-14 was to be analyzed.  The state space representation for that problem is:
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With mechanical elements having the following values m=5 kg, b=8 N-s/m and k=20 N/m,

and the input force is described by:

u(t) = a

 for 0 ≤ t ≤ 5

       = 0

 for t > 5

where a=1, 2, or 4N.


The MATLAB program lab3a.m was self-explanatory and used to output numeric values, which were plotted in Excel and seen in results, below.
Part 2.

In the second part of the lab, the mechanical system found in Ogata, Problem B-5-26 was to be analyzed.  The state space representation for that problem is:
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With mechanical elements having the following values m1=100 kg,  m2=200kg,  b=25 N-s/m, k1=50 N/m, and k2=100N/m, and input a step force of magnitude 10N.


The MATLAB program lab3b.m was self-explanatory and used to output numeric values, which were plotted in Excel and seen in results, below.
Part 3.


In the third part of the lab, the mechanical system found in Ogata, Problem B-5-23 was to be analyzed, The state space representation for that problem is:
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With mechanical elements having the following values m1=10 kg,  m2=5kg,  b=10 N-s/m, k1=40 N/m, and k2=20N/m, and input a step force of magnitude 5 or 10N.


The MATLAB program lab3c.m was self-explanatory and used to output numeric values, which were plotted in Excel and seen in results, below.
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RESULTS, DISCUSSION, SUMMARY
Part 1.
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After plotting the results from MATLAB in Excel, it became evident that the larger the input force u(t), the faster the mass would accelerate.  Furthermore, the steady-state offset would be greater, since the compressive force on the spring would be greater and the spring constant is the same for each case.  For 1N, the steady-state offset would be 1/20m, for 2N, it would be 1/10m, and for 4N, it would be 1/5m.  This is evident in the graphs.  The light damping force helps slow the mass around its natural resting location at any point in time.  This is also evident, as in each of the cases the mass tends toward one of the above values, or the zero-input zero-offset resting state for t>5.
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Part 2.
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After plotting the results from MATLAB in Excel, it becomes evident that even though the masses are connected by a spring, and one of them is damped, their oscillations remain roughly in phase.  This
has to do the relative spring and masses and thus natural frequencies and is purely coincidental.  However, what is interesting is how the two masses end up 0.1 meters farther away from each other than they were initially.  This is because of the different spring constants.

Part 3.

After plotting the MATLAB output in Excel, it became evident that this is the output to a complex system, where the natural frequencies of the masses are slightly different from each other.  It may be
of note that every vertical dimension of the 
10N case is twice that of the 5N case.

CONCLUSION


This lab report was a success, further confidence in MATLAB and hand-worked solutions has been gleaned.  The subtle thing to realize in this lab is how springs exert equal and opposite forces on each end of them, and that damped natural frequency is different from undamped natural frequency.
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