Lab 5 Stability
Introduction.  The most important characteristic a system has is whether the system is stable or unstable.  If a system is unstable, then other characteristics, such as transient and steady-state response are of little concern.  In this lab, we explore the stability of the SRV02 system using the Routh-Hurwitz   criterion.  This method requires two steps.  First a table called the Routh table is created, then the entries in the table are considered to determine how many closed-loop poles lie in the right half plane.  Recall that a system is unstable if one or more of its closed-loop poles lie in the right half of the complex plane.    
	







Figure 1 shows a block diagram of the SRV02 using PD feedback control.  The parameters  and  are the position and derivative (or velocity) feedback gains, which are adjusted or tuned as necessary to achieve the desired performance for the system.  Generally, the user sets or programs a desired angular position  at the input to the system, and  is the actual output position achieved by the system after the input is applied.  If our control feedback gains, and , are chosen correctly,  will be observed to be equal or very close to the desired angular position after the transient response has settled down.



Pre-lab work.  Use the Routh-Hurwitz criterion to find conditions for and so that stability is achieved.  
1. 
Referring to the block diagram in Figure 1, derive the closed-loop transfer function  for the SRV02 position control system. 

[image: ]

	





Figure 1.  SRV02 Block Diagram.  Input is desired angular position  , output is actual angular position .  Constants  and  are those derived in previously in Lab 1.  Gains  and  are tuned accordingly to achieve desired performance.



2. 






The denominator of  is second-order with a general form .  Use the coefficients of the polynomial of to construct the Routh-Hurwitz table.  Recall that the steady-state gain  and the time constant  are constant parameters.  Tunable gains  and will be variables in the table.  See below to get started filling in the elements of the table.
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3. 



For stability, the Routh-Hurwitz criterion requires that there be no sign changes in the first column of the table.  From the table this implies then that  and  .   Use these three statements to find expressions (inequalities)  in terms of  and that will ensure the SRV02 system is stable.   Fill in the statement below.
	

To ensure stability must be ___________________ and 

 must be  ___________________.






Procedure.  In this part of the lab, we will use the conditions for and to ensure stability to further stability of the SRV02.  Since there is potential damage to the actual hardware, we will only use the Simulink simulation model.  We will not interface with the actual hardware in this lab.
Simulated Response   In this part, we will examine the simulated response using the Simulink model of the SRV02.
1. Copy the Matlab and Simulink files for this lab into your working directory.  
a. exp05_Setup.m  This file has the essential constants that are used in the Simulink model and are read in to the Simulink model at run time.
b. exp05_Simulink.slx  This is the Simulink model we will use for this lab procedure.  It simulates the performance of the SRV02.
2. Open Matlab version R2014a and change the working directory to the one that has the files you copied in the previous step.
3. 



From the Matlab command window, run exp05_Setup.m.  This script loads the workspace with the various constants that the Simulink model will use at run time.  Note the values for the steady-state gain and the time constant in the command window.  Change these values to those values derived previously in Lab 1.  Also note the values forand .  Change these values so that they agree with the numerical values derived in the pre-lab work.
4. [bookmark: _GoBack]Open your Simulink model, exp05_Simulink.slx.  
5. 

Next open the scopes and run the model.  It is not required to Build the model since we are not interacting with the real hardware here.  Examine the scope traces and verify whether or not the system produced an unstable response.  Try varying the feedback gains and to see how it changes the nature of the output response.

Report.  Submit a three-part report.  Part 1 is one or two paragraphs on the objective of the lab, along with any pre-lab calculations.  Part 2 contains the results from the lab procedure and includes screenshots, MATLAB data plots, and any data collected during the experiment.  Include a plot that shows the simulated response and the actual SRV02 response on the same plot for comparison.  Finally, Part 3 is a conclusion discussing any observations made and reasons for errors encountered in the lab.  
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