ECE 486 - Lab 4
Lab 4: Introduction to the DC Motor
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: Calibration of the tachometer (5 points)
Computing the tachometer gain (3 points)
Briefly explain the procedure for determining the tachometer gain and why the gain is needed to convert measured tachometer voltage into angular velocity.
Ktach = Vtach / ω
Put Discussion Here
Experimental parameters for the tachometer (2 points)
	Input voltage, Vi (V)
	Period, Δt (s)
	Tachometer voltage, Vtach (V)
	Angular velocity, ω (rad/s)
	Tachometer gain, Ktach (V·s/rad)

	5
	
	
	
	

	10
	
	
	
	

	15
	
	
	
	

	Average
	
	
	
	


Table 1. Tachometer calibration measurements and calculated gain.
Part II: Armature resistance and back-EMF (10 points)
Measuring the armature resistance and back-EMF (4 points)
Explain the procedure for obtaining the armature resistance Ra and back-EMF constant KV. Explain why the armature inductance La may be ignored for the steady-state measurements.
Vi = ia Ra + KV ω
Put Discussion Here
Experimental values (2 points)
	Input voltage, Vi (V)
	Steady-state current, ia (A)
	Tachometer voltage, Vtach (V)
	Steady-state angular velocity, ω (rad/s)

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	-5
	
	
	

	-6
	
	
	

	-7
	
	
	

	-8
	
	
	

	-9
	
	
	

	-10
	
	
	

	-11
	
	
	

	-12
	
	
	


Table 2. Experimental data for estimating Ra and KV.
Experimental parameters (4 points)
	Parameter
	Experimental value

	Armature resistance, Ra (Ω)
	

	Back-EMF constant, KV (V·s/rad)
	


Table 3. Estimated armature resistance and back-EMF constant.
Part III: Constant and viscous friction coefficients (10 points)
Measuring the constant and viscous friction coefficients (6 points)
Explain the procedure for obtaining the friction coefficients. Include the governing equations. Plot friction torque Ktau ia against angular velocity ω separately for positive and negative rotation, then estimate the Coulomb and viscous coefficients from linear fits.
Put Discussion Here
Experimental values (4 points)
	Rotation direction
	Viscous coefficient, b (N·m·s/rad)
	Coulomb coefficient, c (N·m)

	Positive
	
	

	Negative
	
	


Table 4. Experimental viscous and Coulomb friction coefficients.
Part IV: Armature inductance (20 points)
Procedure for measuring Rs and La (14 points)
Explain the procedure for measuring the sense resistance Rs, electrical time constant taue, and armature inductance La. Explain how locking the rotor simplifies the inductance measurement. Include the equations used for the logarithmic linear fit. Include two plots: an overlay of the linear regions for all six data sets, and one representative data set with its fitted line and equation.
Put Discussion Here
Experimental parameters (6 points)
	Parameter
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Trial 6
	Average

	Sense resistance, Rs (Ω)
	
	
	
	
	
	
	

	Electrical time constant, τe (s)
	
	
	
	
	
	
	

	Armature inductance, La (mH)
	
	
	
	
	
	
	


Table 5. Experimental values used to estimate the armature inductance.
Part V: Rotor moment of inertia (18 points)
Procedure for measuring the moment of inertia J (14 points)
Explain how to obtain the rotor moment of inertia J from the decaying angular-velocity response. Include the equations used to obtain a linear relation with the natural logarithm. Explain why transient behavior, rather than steady-state behavior, is needed to identify J. Plot the linear regions for the six data sets on one graph and show a linear fit with its equation for one representative data set.
Put Discussion Here
Experimental values for J (4 points)
	Parameter
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Trial 6
	Average

	Moment of inertia, J (kg·m²)
	
	
	
	
	
	
	


Table 6. Experimental rotor moment of inertia estimates.
Part VI: Conservation of energy (12 points)
Show that KV = Ktau (6 points)
Ignoring losses such as friction, apply conservation of energy between the electrical and mechanical systems to show that the back-EMF constant KV and motor torque constant Ktau are equal.
Put Discussion Here
Show that the SI units are equivalent (6 points)
Use SI unit conversions to show that volts-second per radian and newton-meter per ampere are equivalent units for KV and Ktau.
Put Discussion Here
Part VII: System transfer function (10 points)
Second-order transfer function Ω(s)/Vi(s) (5 points)
Use the second-order transfer function from prelab Part E and substitute the experimental parameter values. Report the numerical transfer function and compute its poles and zeros. Ignore Coulomb friction but retain viscous friction.
Put Discussion Here
First-order approximation Ωapprox(s)/Vi(s) (5 points)
Set La = 0 to obtain the first-order approximation. Report the numerical transfer function and pole location, then compare it with the second-order model.
Put Discussion Here
Part VIII: Steady-state response of the nonlinear system (5 points)
Including Coulomb friction, compute the steady-state angular velocity for a 4 V DC input. Solve the steady-state equations algebraically and state which directional friction coefficients are used.
Put Discussion Here
Final identified motor parameters
Record the final parameter values for use in later laboratories.
	Parameter
	Final value

	Tachometer gain, Ktach
	

	Armature resistance, Ra
	

	Armature inductance, La
	

	Back-EMF constant, KV
	

	Moment of inertia, J
	

	Positive Coulomb friction, c⁺
	

	Positive viscous friction, b⁺
	

	Negative Coulomb friction, c⁻
	

	Negative viscous friction, b⁻
	


Table 7. Final identified DC motor model parameters.
Required attachments
Positive-rotation friction torque versus angular velocity plot.
Negative-rotation friction torque versus angular velocity plot.
Overlay of the linear regions from the six armature-inductance data sets.
One armature-inductance data set with its linear-fit equation.
Overlay of the linear regions from the six inertia data sets.
One inertia data set with its linear-fit equation.


Lab 4 grading rubric
	Section
	Section maximum
	Subsection
	Criterion
	Criterion points

	Prelab
	40
	Prelab
	Complete Prelab Parts A-E.
	40

	Part I
	5
	Tachometer gain
	Explain the calibration procedure and why Ktach is required.
	3

	Part I
	5
	Experimental parameters
	Complete the tachometer calibration table and report the average gain.
	2

	Part II
	10
	Measurement procedure
	Explain how Ra and KV are obtained and why La is ignored at steady state.
	4

	Part II
	10
	Experimental values
	Complete the measured steady-state data table.
	2

	Part II
	10
	Experimental parameters
	Report the experimental values of Ra and KV.
	4

	Part III
	10
	Friction measurement
	Explain the procedure, equations, plots, and linear fits used to obtain b and c.
	6

	Part III
	10
	Experimental values
	Report positive- and negative-direction viscous and Coulomb friction coefficients.
	4

	Part IV
	20
	Measurement procedure
	Explain the Rs, taue, and La procedure, logarithmic fit, rotor lock, and required plots.
	14

	Part IV
	20
	Experimental parameters
	Report six trials and averages for Rs, taue, and La.
	6

	Part V
	18
	Moment-of-inertia procedure
	Explain the transient method, equations, logarithmic fit, and required plots used to obtain J.
	14

	Part V
	18
	Experimental values
	Report six estimates and the average value of J.
	4

	Part VI
	12
	Equality of motor constants
	Use conservation of energy to show that KV = Ktau.
	6

	Part VI
	12
	Equivalent SI units
	Show that the SI units of KV and Ktau are equivalent.
	6

	Part VII
	10
	Second-order model
	Report Ω(s)/Vi(s) using measured parameters and compute poles and zeros.
	5

	Part VII
	10
	First-order approximation
	Set La = 0, report the approximation and pole, and compare the models.
	5

	Part VIII
	5
	Nonlinear steady-state response
	Compute the steady-state angular velocity for a 4 V input including Coulomb friction.
	5

	Report Total
	90
	Report total
	Parts I-VIII.
	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 8. Lab 4 rubric organized by major section, subsection, criterion, and criterion points.
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