Lab 6 Frequency Response
Introduction.  When a sinusoidal input is applied to a linear system, the response will also be a sinusoid of the same frequency.  However, the amplitude and phase of the output sinusoid will differ from that of the input signal.  This difference is a function of frequency, which is characterized by the system transfer function.  A plot that shows how the amplitude and phase vary as a function of input frequency is known as a Bode plot.  Figure 1 is an example of this type of plot.  The upper plot is the magnitude frequency response, and the lower plot is the phase frequency response.  Together, these plots show how the amplitude and phase of an input sinusoid will change at the output of a linear system.
	[image: ]

	Figure 1.  Bode plot.  Upper plot is magnitude response, lower plot is phase response.  Horizontal axis is input frequency (rad/sec).


 
In this lab, we will examine the frequency response of the open-loop SRV02 plant.  Please make special note of the limit on the input frequency as exceeding this limit may damage the hardware.
	Caution: Limit input frequency to less than 50 Hz.  High frequency may damage gearbox.



Pre-lab work.  The first-order model of the SRV02 introduced in Lab 1 had the form   

	.	



In Eq. 1.1,  is the output rotational speed in rad/sec of the inertial bar on the SRV02, and  is the input voltage applied to the DC motor.  Rewriting Eq. 1.1 in terms of radian frequency with   gives

	 .	




The function  is the frequency response function for the open-loop system.  It is a complex-valued function that depends on frequency .  It may be evaluated for varying values of  to learn how the system behaves when sinusoidal inputs are applied.  The magnitude ofis found by taking the absolute value of the numerator and denominator in Eq. 1.2.

	. 	





The steady state gain for the system is determined by examining at (or at low frequency, as we’ll need to do when we run the Simulink model).   As a side note,  is often called the DC gain.  Setting in Eq. 1.3 gives 

	, 	



which simply means that   is the ratio of the output to the input at (or very low frequency).  We’ll use this equation to find experimentally as described in the next section of the lab procedure.



 Next, to find the time constant  we derive an expression that is based on the cut-off frequency  .  The cut-off frequency is defined as the point in the magnitude plot where the response has decreased by 3 dB or  .  In other words	

	 	




Substitute Eqs. 1.4 and 1.5 into 1.3 to find a relation for and .  We’ll use the resulting relation and Eq. 1.4 to find values for and from the experimental procedure that follows.

Procedure. 


PART I  In this part of the lab, we will find the parametersand through the frequency response of the SRV02.  Sinusoidal signals of varying frequency will be applied to the SRV02 so that the values of the model parameters may be estimated.  
1. Copy the Matlab and Simulink files for this lab into your working directory.  
a. exp06_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. exp06_SRV02_FreqResponse.slx  This is the Simulink model we will use for this lab procedure.  
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 exp06_Setup.m.  This script loads the workspace with the various constants that the Simulink model will use at run time.  
4. [bookmark: _GoBack]Next, open your Simulink model, exp06_SRV02_FreqResponse.slx.  The model should appear as shown in Figure 2.  
a. In the Signal Generator block, set Wave form to Sine, Time (t): Use simulation time, Amplitude:  1, Frequency:  0.1, and units:  Hertz. 
b. Build the model by clicking the Build Model button in the upper right of the Simulink window.  This step may take a minute or two to complete.  If the model builds without errors, proceed to the next step, otherwise contact the lab staff for assistance.
c. Click Connect to target to load the model into memory.  
d. Next click the Run button to run the Simulink model.  The SRV02 system should begin to rotate back and forth at the speed that was set in the Signal Generator block.  

	[image: ]
	Figure 2.  Simulink model to operate the SRV02.  The Signal Generator block is used to generate the input sinusoid.  Frequency can be adjusted by editing the block with the desired frequency.  Initially set the frequency to 0.1 Hz.



5. Open the scopes on the right hand side of the model.  The scope labeled Output Response shows the input voltage and the rotational speed of the SRV02.  See Figure 3.  
a. 


The peak values of the two signals are  and that are used in Eq 1.4.  Determine these values from the plot to find the DC gain  .  
b. 

You can also use the data in the MATLAB workspace.  The array ScopeData has the data you can use to find  and . 
	[image: ]
	
Figure 3.  Scope traces from Simulink.  Input voltage (yellow) and response of the SRV02 (purple).  The frequency of the input is adjusted within the Signal Generator block in the Simulink diagram.  Use the measured peak values and Eq 1.4 to find the DC gain parameter .



6. 

Next we’ll measure the response at varying frequencies.  Adjust the frequency of the sine signal according to those listed in Table I.  Determine the response at each of the input frequencies and enter these values into the table.  Also compute the magnitude response and its equivalent value in decibels.  To convert the magnitude response  into decibels, use 

.
	Table I

	f (Hz)
	
 (rad/sec)
	
Input 
	
Output 
	

	


	0.1
	0.628
	
	
	
	

	1.0
	
	
	
	
	

	2.0
	
	
	
	
	

	3.0
	
	
	
	
	

	4.0
	
	
	
	
	

	5.0
	
	
	
	
	

	6.0
	
	
	
	
	

	7.0
	
	
	
	
	

	8.0
	
	
	
	
	



7. 





With Table I completely filled in, the data is used to find the cut-off frequency and subsequently the time constant .  Recall from Eq 1.5 that corresponds to the input frequency where the magnitude response has decreased 3 dB below the DC gain response.  Examine the data in Table I to locate the cut-off frequency .  You can also run the Simulink model at more specific frequencies to locate more accurately. 
8. 
Use the value of the cut-off frequency you found in the last step along with the relation derived in the pre-lab work to compute the time constant .
9. 


With the DC Gain  and the time constant computed, write the transfer function  given in Eq 1.1.  


PART II  In Part I of the lab, you found the transfer function of the SRV02 open-loop system.  In this second part of the lab, we will use  to make a Bode plot of the open-loop system.
1. 
With the parameters ofsuccessfully computed in Part I, use the MATLAB function tf to define the transfer function in the workspace.
2. 
Next, use the MATLAB function bode to make a Bode plot of .
3. In this final step, verify that the measurements entered in Table I agree with the Bode plot.  Add your data points from Table I to the plot to see how close they are to the plot.  Comment on any differences between the data in the table and the Bode plot.


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, any data collected during the experiment.  Finally, Part 3 is a conclusion discussing any observations made and reasons for errors encountered in the lab.  Also be sure to comment on how your results compare with the values for  andthat you found in Lab 1.
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