Lab 2 Closed-Loop Position Control
Introduction.  In this lab we use a feedback system to control the position of the rotary load shaft on the SRV02.   One of the most well-known implementations of control feedback is called proportional-integral-derivative (PID) control.  In this lab, we’ll use a variation of PID control, where only the proportional and derivative components will be used.  
	







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.[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.



The closed-loop transfer function for the SRV02 system is second-order.  Additionally, it can be shown that the transfer function has the general form  

	 .	


In Eq (1.1)  is the natural frequency and  is the damping ratio.  The behavior of a second-order system is fully characterized by these two parameters.  
Often in control systems engineering, the performance of a system is specified by other measurable features occurring in the system response, such as overshoot, settling time, peak time, and rise time.  See Figure 2 for illustrations of these features and Table I for definitions.
	[image: ]

	



Figure 2.  Typical second-order system response showing rise time  , peak time  , settling time  , and overshoot ( ).



	Table I

	

	Rise time. The time required for the waveform to go from 0.1 of the final value to 0.9 of the final value.

	

	
Peak time. The time to reach the first or maximum peak.  See  in the figure.

	

	
Settling time.  The time required for the transient’s damped oscillations to reach and stay within  2% of the steady-state value.

	
 
	Percent overshoot.  The amount that the waveform overshoots the steady-state or final value at the peak time, expressed as a percentage of the steady-state value.




Another important performance specification is the steady-state error  , which is the difference between the output and the input after the transient-response has settled.  In terms of the SRV02 system, this would be written as

	 	





The peak time , settling time , and percent overshoot may be expressed in terms of the damping ratio and the natural frequency .  

	 	

	 	

	 	


In this lab activity, we will design a feedback controller for the SRV02 to achieve a set of desired performance specifications.  The design procedure will determine appropriate values for and so that the SRV02 response has the performance specifications shown in Table II.
	Table II

	
rad 
	The steady-state error is within 0.04 radians of the desired final value

	
 ms
	The settling time must be less than 250 milli-seconds

	
 
	Percent overshoot less than 5%


	


Pre-lab work.  Using the steps outlined below, find appropriate values for and so that the specifications in Table II are achieved.
1. 
Referring to the block diagram in Figure 1, derive the closed-loop transfer function  for the SRV02 position control system.
2. 





Compare the transfer function derived in the previous step with Eq. 1.1. By equating similar terms in the denominator of both functions, derive expressions for  and in terms of and .   Recall that  and  are constants that were derived previously.
3. 

Using Eq. 1.4 and 1.5, along with the specifications provided in Table II, compute values for  and .
4. 



Finally, using the expressions derived in step 2 and the numerical values for and  computed in step 3, find values for the position feedback gain and the velocity feedback gain .
5. 
Note that we did not use the specification for , but we will examine it later when we look at the overall system performance.
Procedure.  In this part of the lab, we will use the feedback gains derived in the pre-lab work to see if we can achieve the performance specified in Table II.  First we will try these gains using our Simulink model, then we will use these gains with the actual SRV02 hardware.
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. exp02_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. exp02_Simulink.slx  This is the Simulink model we will use for this lab procedure.  It simulates the performance of the SRV02.
c. exp02_SRV02.slx This model interacts with the actual hardware and drives the SRV02 according to the gains we program into the model.
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 exp02_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]Next, open your Simulink model, exp02_Simulink.slx.  The model should appear as shown in Figure 3.  
a. 
The input is a square wave that will command the simulated system to move to an angular position of  rad (22.5 deg).
b. The block labeled PositionVelocity Control implements the PD position feedback control.  Double click the box to examine how the controller uses the angular position and angular velocity (theta_l and omega_l in the Simulink diagram) to produce a voltage that will be applied to the plant.
c. 

Next, the block labeled as SRV02 Model  simulates the actual hardware.  See where the values for  and the time constant are used in the open-loop transfer function.  
d. Finally, the system response from the simulated model may be observed in the output scope found on the right side of the Simulink model.  The scope also shows the commanded position, as well.
e. You may explore these blocks as desired by double-clicking on the blocks.  Note how the various parameters for the blocks are defined in the Matlab workspace.
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 determine if the specifications in Table II were achieved.   Try varying the feedback gains and to see how it changes the nature of the output response.
6. To examine the simulated response more closely, plot the data in the data_pos array that is found in the MATLAB workspace.  The columns in this array are time, commanded position, and actual position.
7. Once you are satisfied that you have found a set of feedback gains that satisfy the specifications, make a note of these values to use later in the next part of the lab.
	[image: ]

	Figure 3.  Simulink model to simulate the SRV02.  The controller implements PD feedback control.





Real Response  In this next part, we’ll use the feedback gains and we just found to drive the real SRV02 hardware and examine the output response.
1. Open the model exp02_SRV02.slx.  This model interacts with the actual hardware commanding it to move in accordance with PD Controller and acquires measurements from the SRV02 for angular position and angular velocity.
2. Click Build Model in the toolbar to compile the model.  This may take a minute or two to complete.  If the model builds without any errors, proceed to the next step, otherwise, seek lab staff for assistance.
3. Click Connect To Target in the toolbar.  
4. Open the scopes and run the model for three or four seconds to collect several cycles of the output response.  Examine the scope traces and the data_pos array in the MATLAB workspace and verify whether or not the specified performance was achieved.
5. Adjust the feedback gains as necessary to achieve the desired 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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