ECE 486 - Lab 5
Lab 5: PD Control Using Analog Computer and C2000 DAQ Board
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.

An acceptable disclosure may use the following format: “I used OpenAI ChatGPT, GPT-[model and version], to correct grammar and improve wording in Sections 2 and 4, convert the equations in Section 3 into LaTeX, and assist in generating and correcting MATLAB code used for calculations and plots. All plots were produced in MATLAB using the experimental data collected during the lab. The calculations, technical analysis, interpretation of the results, discussion, and conclusions were completed by me. No AI tool was used to generate, replace, fabricate, or alter experimental data.”

Generative AI may not be used to perform or write the student’s analysis or interpretation of experimental results; answer lab-report questions on the student’s behalf; write the analysis, discussion, evaluation, or conclusions of the report; generate technical explanations that the student does not independently understand; or generate, fabricate, reconstruct, replace, or improperly alter experimental data.

Disclosure does not make an otherwise prohibited use permissible. For example, a student may not use AI to write the analysis, interpretation, discussion, or conclusions merely because that use is disclosed.

If a TA identifies credible evidence of undisclosed or prohibited AI use, the student may be asked to explain the submitted work and provide relevant supporting materials, such as original MATLAB code, calculations, drafts, prompts, or document revision history. The TA will refer the concern and supporting information to the course instructor. Any potential academic-integrity violation will be reviewed and addressed in accordance with the University of Illinois Student Code.

Part I: Comparison of responses (44 points)
Theoretical performance criteria (8 points)
Using the motor model and the four controller-gain cases, compute the theoretical damping ratio, natural frequency, percent overshoot, 10%-90% rise time, and 5% settling time. The fourth case uses the gains designed in the prelab.
	Parameter
	Case 1
	Case 2
	Case 3
	Designed case

	P₁
	0.15
	0.25
	0.10
	

	P₂
	0
	0.35
	0.50
	

	Damping ratio, ζ
	
	
	
	

	Natural frequency, ωₙ (rad/s)
	
	
	
	

	Percent overshoot, Mₚ (%)
	
	
	
	

	Rise time, tᵣ (s)
	
	
	
	

	Settling time, tₛ (s)
	
	
	
	


Table 1. Theoretical response values for the four controller cases.
Experimental performance criteria (12 points)
Determine Mₚ, tᵣ, and tₛ from the step-response data for Sections I, II, and III. Calculate all response metrics relative to the measured steady-state response, not the reference signal.
Section I: Analog computer
	Parameter
	Case 1
	Case 2
	Case 3
	Designed case

	P₁
	0.15
	0.25
	0.10
	

	P₂
	0
	0.35
	0.50
	

	Percent overshoot, Mₚ (%)
	
	
	
	

	Rise time, tᵣ (s)
	
	
	
	

	Settling time, tₛ (s)
	
	
	
	


Table 2. Experimental response values from Section I, analog computer.
Section II: Simulink and C2000 DAQ Board
	Parameter
	Case 1
	Case 2
	Case 3
	Designed case

	K₁
	1.5
	2.5
	1.0
	

	K₂
	0
	3.5
	5.0
	

	Percent overshoot, Mₚ (%)
	
	
	
	

	Rise time, tᵣ (s)
	
	
	
	

	Settling time, tₛ (s)
	
	
	
	


Table 3. Experimental response values from Section II, Simulink and C2000 DAQ Board.
Section III: PD control with friction compensation
	Parameter
	Case 1
	Case 2
	Case 3
	Designed case

	K₁
	1.5
	2.5
	1.0
	

	K₂
	0
	3.5
	5.0
	

	Percent overshoot, Mₚ (%)
	Observation only
	
	
	

	Rise time, tᵣ (s)
	Observation only
	
	
	

	Settling time, tₛ (s)
	Observation only
	
	
	


Table 4. Experimental response values from Section III, friction compensation.
Analog computer compared with Simulink and C2000 (8 points)
Compare the Section I analog-computer responses with the Section II Simulink and C2000 responses. Discuss characteristic similarities, differences, and likely causes of disagreement.
Put Discussion Here
PD control with and without friction compensation (8 points)
Compare the Section II responses without friction compensation with the Section III responses with friction compensation. Discuss how the compensation changes Mₚ, tᵣ, tₛ, and steady-state behavior.
Put Discussion Here
Contribution of friction (8 points)
Discuss the contribution of Coulomb and velocity-dependent friction to the observed response. Explain which response features are most strongly affected by friction.
Put Discussion Here
Part II: Performance compared with specifications (18 points)
Performance compared with the design specifications (10 points)
Evaluate how well the designed gains performed in the laboratory. State whether the design met the prelab overshoot and rise-time specifications. If not, identify which gains were closest and recommend specific gain adjustments.
Put Discussion Here
Effects of unmodeled dynamics (8 points)
Identify at least one plant dynamic or nonlinearity that was ignored or simplified in the prelab model. Explain how the omitted behavior can affect stability, overshoot, rise time, settling time, or steady-state error.
Put Discussion Here
Part III: Steady-state error (16 points)
Theoretical and measured steady-state error (8 points)
Compute the theoretical steady-state error and compare it with the measured values from Sections I, II, and III. Report the error consistently as either a percentage or an absolute voltage and state the convention used.
	Data source
	Case 1
	Case 2
	Case 3
	Designed case

	Theoretical
	
	
	
	

	Section I: Analog computer
	
	
	
	

	Section II: Simulink and C2000
	
	
	
	

	Section III: Friction compensation
	Observation only
	
	
	


Table 5. Theoretical and measured steady-state error.
Gain adjustments that improve steady-state error (8 points)
Explain which controller-gain adjustments decrease steady-state error. Give a general design rule and also discuss any resulting trade-offs in transient response, actuator effort, or robustness.
Put Discussion Here
Part IV: Friction compensation (12 points)
Experimental friction values (6 points)
Report the tuned friction-compensation parameters obtained in Section III. Use separate positive- and negative-direction values.
	Friction parameter
	Lab 4 value
	Lab 5 tuned value

	Bₜₒₜₐₗ⁺
	
	

	c⁺
	
	

	Bₜₒₜₐₗ⁻
	
	

	c⁻
	
	


Table 6. Friction values from Lab 4 and the tuned compensation values from Lab 5.
Use BTotal = KτKV / Ra + b when calculating the Lab 4 comparison value.
Comparison with Lab 4 values (6 points)
Compare the tuned Lab 5 compensation values with the corresponding Lab 4 values. Explain the size and direction of any differences and why the identified plant friction may not equal the compensation required for the best closed-loop behavior.
Put Discussion Here
Required attachments
Prelab root-locus plot with P₁ isolated.
Prelab root-locus plot with P₂ isolated.
Prelab analog-computer patch-panel wiring diagram.
Clearly labeled Section I analog-computer step-response plots.
Clearly labeled Section II Simulink and C2000 step-response plots.
Clearly labeled stable Section III friction-compensated step-response plots.


Lab 5 grading rubric
	Section
	Section maximum
	Subsection
	Criterion
	Criterion points

	Prelab
	40
	Prelab
	Complete Prelab Parts A-E.
	40

	Part I
	44
	Theoretical response values
	Calculate theoretical ζ, ωₙ, Mₚ, tᵣ, and tₛ for the four gain cases.
	8

	Part I
	44
	Experimental response values
	Report Mₚ, tᵣ, and tₛ from Sections I, II, and III.
	12

	Part I
	44
	Analog versus C2000
	Compare the analog-computer and Simulink/C2000 responses.
	8

	Part I
	44
	Friction compensation comparison
	Compare PD control with and without friction compensation.
	8

	Part I
	44
	Contribution of friction
	Discuss how friction contributes to the observed response.
	8

	Part II
	18
	Performance compared with specifications
	Evaluate performance and recommend gain improvements.
	10

	Part II
	18
	Unmodeled dynamics
	Explain how omitted plant dynamics or nonlinearities can cause problems.
	8

	Part III
	16
	Steady-state error table
	Compare theoretical and measured steady-state errors.
	8

	Part III
	16
	Gain adjustment
	Explain how gain changes can improve steady-state error.
	8

	Part IV
	12
	Experimental friction values
	Report the tuned positive- and negative-direction friction values.
	6

	Part IV
	12
	Comparison with Lab 4
	Compare the Lab 5 tuned friction values with the Lab 4 values.
	6

	Report Total
	90
	Report total
	Parts I-IV.
	90

	TA Check
	20
	Required TA Checks
	Complete all required TA Checks. Show requested plots, data, wiring, code, or block diagrams and answer TA questions.
	20

	Lab Total
	150
	Prelab + TA Check + Report
	Prelab (40) + TA Check (20) + Report (90) = 150.
	150


Table 7. Lab 5 rubric organized by major section, subsection, criterion, and criterion points.
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