ECE 486 - Lab 6
Lab 6: Lead Controller Design
Report by: [Enter your name]
Lab partner: [Enter partner name or “None”]
Lab TA: [Enter TA name]
Section: [Enter section]
AI Use Disclosure 
Please put your AI Use Disclosure here, and delete all the italicized instructions in this disclosure section when finished.  This is a short paragraph that identifies each AI tool used, its provider, the specific model and version when available, the purpose for which it was used, and the portions of the report affected. If the tool does not display a model or version, the student must state that the model or version was not displayed rather than guessing. Students who did not use generative AI must include a statement that no generative AI was used.
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Part I: Effects of saturation in simulation (10 points)
Discuss the effect of the saturation block in the simulations. Compare the saturated and non-saturated responses for input steps of 0.5 V, 5 V, and 50 V. State when saturation was significant or insignificant and explain the resulting changes in the response.
Put Discussion Here
Attach the clearly labeled plots comparing the saturated and non-saturated responses.
Part II: Motor DC gain (10 points)
Compute the transfer function of the system from the data obtained from the DSA. Then, compute the DC gain (K) of the motor (show how you solved for K). Compare the computed value with the value obtained in Lab 4 or Prelab 5(a).
Note: First, rewrite the transfer function from the DSA in radians. Remember that the DC gain K obtained from the DSA includes the gains of the tachometer, amplifier, and compensator. Therefore, solve for K.
Hint: Read the “DSA Notes” PDF on the course website for an explanation of how to start the problem.
	KDSA = ____________
	z[Hz] = ____________
	p1[Hz] = ____________
	p2[Hz] = ____________



	KLAB4 = ________________
	KLAB6 = ________________


Part III: Real and simulated responses of the low- and high-DC-gain compensators (30 points)
Response values and discussion (20 points)
For the low- and high-DC-gain lead compensators, report percent overshoot Mp, rise time tr, settling time ts, and steady-state error ess. Include the measurements from the real motor, the simulations using the motor parameters from Prelab 5(a), and the simulations using the corrected motor parameters obtained from the Lab 6 DSA fit. Discuss the similarities and differences.
	Data source
	Low-DC-gain lead compensator
	High-DC-gain lead compensator

	
	Mp (%)
	tr (ms)
	ts (ms)
	ess (V)
	Mp (%)
	tr (ms)
	ts (ms)
	ess (V)

	Actual motor
	
	
	
	
	
	
	
	

	Simulated: Prelab 5(a) motor parameters
	
	
	
	
	
	
	
	

	Simulated: corrected Lab 6 DSA parameters
	
	
	
	
	
	
	
	


Table 4. Real and simulated responses of the low- and high-DC-gain compensators.
Actual motor: values measured in Sections II and III of Lab 6.
Simulated, Prelab 5(a): closed-loop simulations using the motor parameters from Prelab 5(a).
Simulated, corrected Lab 6 DSA: closed-loop simulations using the corrected motor parameters obtained from the DSA fit.
Put Discussion Here
Performance compared with the design specifications (10 points)
Determine whether the low-DC-gain lead compensator, high-DC-gain lead compensator, and the Lab 5 PD controller met the specifications Mp ≤ 15% and tr ≤ 30 ms when implemented on the real motor. Discuss the results.
	Controller
	Experimental Mp (%)
	Experimental tr (ms)
	Specifications met?

	Low-DC-gain lead compensator
	
	
	

	High-DC-gain lead compensator
	
	
	

	Lab 5 PD controller
	
	
	


Table 5. Experimental controller performance compared with the design specifications.
Put Discussion Here
Part IV: Bode plots of the transfer functions (40 points)
DSA fit compared with measured frequency-response data (20 points)
Plot the magnitude and phase Bode plots of Vtach(s)/Vi(s) for the empirical data saved in fresp.m and for the transfer function estimated by the DSA. Overlay the fitted and measured responses using different line styles. Use decibels for magnitude, degrees for phase, and a logarithmic frequency axis. Use semilogx for the measured samples. Discuss the quality of the fit.

Put Discussion Here
Attach the overlaid magnitude and phase plots of Vtach(s)/Vi(s).
Open-loop position transfer function (10 points)
Use the relationship between the tachometer and potentiometer transfer functions to obtain Vθ(s)/Vi(s) from both the DSA fit and the measured samples in fresp.m. Overlay the open-loop magnitude and phase plots. Find the crossover frequency ωc and phase margin for both curves. Compare them with the design specifications from Prelab 6(d) and state whether the open-loop design specifications were met. Use the MATLAB bode command for the fitted transfer function and semilogx for the converted measured samples.

	Source
	Crossover frequency
	Phase margin

	From DSA fit
	ωc = __________________ rad/s
	PM = __________________°

	From data in fresp.m
	ωc = __________________ rad/s
	PM = __________________°

	Design specifications
	ωc = __________________ rad/s
	PM = __________________°


Table 6. Open-loop crossover frequency and phase margin.
Put Discussion Here
Attach the overlaid open-loop magnitude and phase plots of Vθ(s)/Vi(s).
Closed-loop frequency response (10 points)
Use unity feedback to compute the closed-loop transfer function from the fitted open-loop model. Use the measured open-loop samples to compute the corresponding closed-loop samples, then overlay the closed-loop magnitude and phase plots. Determine the closed-loop bandwidth and discuss whether the value is reasonable.

Closed-loop bandwidth, ωbw = ________________________ rad/s
Put Discussion Here
Attach the overlaid closed-loop magnitude and phase plots.
Required attachments
Three plots comparing saturated and non-saturated responses for Vin = 0.5 V, 5 V, and 50 V.
Magnitude and phase Bode plots of Vtach(s)/Vi(s): DSA fit overlaid with measured fresp.m data (2 plots).
Magnitude and phase open-loop Bode plots of Vθ(s)/Vi(s): fitted model overlaid with converted measured data (2 plots).
Magnitude and phase closed-loop Bode plots of Vθ(s)/Vi(s): fitted model overlaid with closed-loop samples computed from measured data (2 plots).


Lab 6 grading rubric
	Section
	Section maximum
	Subsection
	Criterion
	Criterion points

	Prelab
	45
	Prelab
	Complete Prelab Parts (a)-(e).
	45

	Part I
	10
	Saturation simulation
	Include the saturated and non-saturated plots and discuss the observed effects.
	10

	Part II
	10
	Motor DC gain
	Determine the motor DC gain from the Lab 6 DSA data and compare it with the earlier motor model.
	10

	Part III
	30
	Response values and discussion
	Complete the real and simulated low- and high-gain response table and discuss the results.
	20

	Part III
	30
	Performance versus specifications
	Evaluate the low-gain lead, high-gain lead, and Lab 5 PD controllers against the design specifications.
	10

	Part IV
	40
	DSA fit versus measured data
	Overlay the fitted and measured Vtach(s)/Vi(s) magnitude and phase plots and discuss fit quality.
	20

	Part IV
	40
	Open-loop Bode plots
	Overlay the open-loop position responses, report phase margin and crossover frequency, and evaluate the design.
	10

	Part IV
	40
	Closed-loop Bode plots
	Overlay the closed-loop responses, determine bandwidth, and discuss whether it is reasonable.
	10

	Report Total
	90
	Report total
	Parts I-IV.
	90

	TA Check
	15
	Required TA Checks
	Complete all required TA Checks. Show requested plots, data, wiring, code, or block diagrams and answer TA questions.
	15

	Lab Total
	150
	Prelab + TA Check + Report
	Prelab (45) + TA Check (15) + Report (90) = 150.
	150


Table 7. Lab 6 rubric organized by major section, subsection, criterion, and criterion points.
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