
LAB 5: MODELING THE DC MOTOR WORKSHEET

5.2. Effects of Voltage Inputs.

(1) RECORD the voltage when the motor begins to move. Repeat the test with negative voltages.
HYPOTHESIZE as to why the motor does not actually move at an infinitesimal voltage.

(2) RECORD what happens to the variables as you change the offset.

(3) RECORD the output velocity. Assuming a linear relationship between voltage input and velocity,
EXTRAPOLATE the value you would expect at 15V and RECORD this value.

5.3. Estimating the Motor Resistance.

(1) RECORD the current in the table in the worksheet.

Sample #:
i

Vm(i)
[V]

Offset in Measured Cur-
rent: Ibias [A]

0 0

Sample #:
i

Vm(i)
[V]

Measured Current:
Imeas(i) [A]

Im(i)
= Imeas(i) − Ibias [A]

Resistance:
Rm(i) [Ω]

1 -5
2 -4
3 -3
4 -2
5 -1
6 1
7 2
8 3
9 4
10 5

Average Resistance: Ravg [Ω]
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(2) CALCULATE the motor resistance Rm(i) and obtain an average value for it, Ravg and record
your calculations in the table. EXPLAIN the procedure you used to estimate the resistance Rm.

(3) COMPARE the estimated value for Rm (i.e. Rm avg) with the specified value given in Pre-Lab
table specifying the parameters. CALCULATE the relative error: (Rm ave−Rm)/Rm for a couple
of the above resistance values.

5.4. Estimating the Motor Torque Constant.

(1) item For each iteration above, CALCULATE the motor back-EMF constant for each measurement
iteration and then calculate an average for the 10 measurements.

Sample #:
i

Vm(i)
[V]

Ibias
[A]

Ravg

[Ω]
0 0

Sample #:
i

Vm(i)
[V]

Measured Speed:
ωm(i) [rad/s]

Imeas(i)
[A]

Im(i)
= Imeas(i) − Ibias
[A]

km(i)
[V.s/rad]

1 -5
2 -4
3 -3
4 -2
5 -1
6 1
7 2
8 3
9 4
10 5

Average Back EMF-Constant: km avg [V.s/rad ]

(2) EXPLAIN the procedure you used to estimate the km.
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(3) COMPARE the estimated value for km (i.e. km avg) with the specified value given in the pre-lab
table, CALCULATE the relative error for a couple of samples, and DISCUSS your results.

5.5. Obtaining the Motor Transfer Function and Measurement Noise.

(1) From the above static estimates, Rm avg and km avg, OBTAIN a numerical expression for the motor
open-loop transfer function, as discussed in the Pre-Lab. Be sure to IDENTIFY the estimated
open-loop steady-state gain and time constant. COMPARE with the open-loop transfer function
that was theoretically obtained in the Pre-Lab.

(2) Attach the 5.5.2 (2V) plot to the end of this report.
(3) Attach the 5.5.3 (4V) plot to the end of this report.
(4) EXPLAIN how the fluctuations in the time traces do or do not reflect a bearings noise source.



4 LAB 5: MODELING THE DC MOTOR WORKSHEET

5.6. The Bump-Test.

(1) Attach the 5.6.5 plot to the end of the report.
(2) OBTAIN the parameters K and τ from one step response and compare them with the model

obtained by first principles. Then WRITE the transfer function from voltage Vm to angular
velocity ωm.

(3) CALCULATE and average the K and τ parameters for all of the rise and fall responses in the 5
second window and DISCUSS the reliability of this parameter estimation.

5.7. Model Validation.

(1) Attach the 5.7.4 plot to the end of the report.
(2) Attach the 5.7.5 plot to the end of the report.
(3) Fill in the following table

K τ [sec]
Theoretical

Static
Bump Test

Model Fitting

DISCUSS how closely the theoretical estimations, the static estimations, and the bump-test
estimations match the model fitting results from this section and also the benefits and drawbacks
of each method.


