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20 Lab #1 - One Degree-of-Freedom Oscillator

• Loudspeaker
The apparatus consists of a speaker on a stand with one LVDT to measure cone dis-
placement. Waveforms are generated by the computer, amplified, and sent through
a resistor to drive the speaker. The computer is also used to measure current flow
through the speaker and displacement of its cone (using the attached LVDT).

Please follow all safety precautions. Keep long hair and loose clothing well away from
the electric motor, pulleys, and other moving parts.

• Using the LabView Software
The four programs you will be using in the first part of the lab are: FreeAcq (Figure 1.6)
for making measurements of the unforced system; FreeSim (Figure 1.7) for simulation
of the same; ForcedAcq (Figure 1.8) for measurements of the system with a sinusoidal
forcing function; and ForcedSim (Figure 1.9) which may be used for simulation of the
forced system. Although somewhat different in appearance and function, the programs
share many key features. The SpeakerAcq (Figure 1.10) program used in the second
part of the lab is also similar.

Figure 1.6: The FreeAcq program.
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Figure 1.7: The FreeSim program.

Figure 1.8: The ForcedAcq program.
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Figure 1.9: The ForcedSim program.

Figure 1.10: The SpeakerAcq program.
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To run the program, you must hit the white arrow in the top left of the screen. If
this arrow is black, that means that the program is already running. For the data
acquisition programs, a green box on top will define the amount of time for which the
program will record after hitting the arrow. To reset the data acquisition, press STOP

without Saving and then press the white arrow to begin again.

After getting data, pressing the Save and STOP button stores your current data on
disk. The data file is only used by the simulation programs FreeSim and ForcedSim-
it is not available to the data acquisition programs.

You may find it convenient to obtain numerical data from your plots using the cursors,
rather than using a ruler. Two cursors are available, one indicated by a circle and
one by a square. To use a cursor, use the mouse to drag it to the point you want to
measure. If your cursor has vanished off the screen, you can enter an on-screen position
for it into the x and y display boxes, and it will reappear in the desired location. You
can also lock the cursor to a curve by clicking the lock icon. Zoom and other features
are available for the cursors and graphs; see the LabView manual for details.

PROCEDURE

• Free Vibration, Mass-Spring-Dashpot

1. First you will measure the free vibration of the mass.

– Start up the FreeAcq program. The data acquisition programs automatically
convert the voltage output of the LVDTs to meters. To do this, they need
a set of conversion factors, which are on a label on the mass-spring-dashpot
base board. Make sure that the sensitivity and offset values on the left hand
side of the window match the values listed on a small sheet of paper in front
of the apparatus, and enter your name in the box provided. Set the data
acquisition time to 6 seconds.

– Pull down the mass and hold it still, then press the white run arrow in the
top left of the toolbar and immediately release the mass.

– Repeat this procedure until you have a nice oscillation over the 6 seconds.
Please note that the zero position is somewhat arbitrary. You will need to
take data long enough for the mass to stop oscillating in order to have a good
zero reference.

– Save your best oscillation on disk by pressing the Save and STOP button.

2. Next you will measure the logarithmic decrement D and estimate the spring stiff-
ness k and damping coefficient c.

– Start the FreeSim program, and add the measured data to the graph by
pressing the Measurement Data switch above the graph. Set k = 0 to get the
simulated data out of the way.
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– Using the cursors, measure the logarithmic decrement D and the period of
the damped oscillation τd for each set of successive peaks (at least 3).

– Using these measured values, and the mass m, calculate the damping constant
c and spring stiffness k (The mass of the weight and spring are written at the
base of the setup. For your ’m’ use the total of the weight and spring).

– Make a print-out of your curve.

3. Finally, you will simulate the free vibration of the mass-spring-dashpot system
and verify your estimate of the system parameters. Simulate unforced motion by
inputting the values of m, k, and c that you just determined into the FreeSim
program.

– Adjust the initial condition and viewing parameters (t(0), h, x(0), D) to fit
your data. Don’t change k or c.

– Make a print-out.

– Now see if you can adjust k and c to get a better agreement. Take note of
what aspects of the graph change when you change each of the parameters k
and c.

– Make another print-out.

• Forced Vibration, Mass-Spring-Dashpot

1. Here you will be recording the motion of the mass as it undergoes sinusoidal
forcing.

– Start the ForcedAcq program.

– Set the acquisition time to 30 seconds, start the data acquisition and turn on
the motor. Two graphs will be displayed. The left one contains two plots.
One is a plot of the mass position x(t) vs. time and the second one is a plot
of the spring support position xs(t) vs. time. The right graph plots the phase
diagram.

– For at least five different forcing frequencies get nice plots of several cycles of
motion (see instructions below). Make sure to save each data set to disk in
order to analyze them in the ForcedSim program. Print-outs are not necessary
but may be helpful.

– To acquire data, set the data acquisition time to 10 seconds and run the
program in order to find the desired drive frequency. Then hit STOP without

SAVING. Reduce the data acquisition time to ∼ 1 second (or atleast long
enough to get one whole cycle) and then run the program again. This time
hit SAVE and STOP.Reducing the acquisition time will reduce demand on the
server and save you time doing analysis. Forcing frequencies should include:

∗ The lowest frequency for which the motor runs smoothly.

∗ A frequency just lower than resonance.

∗ Resonance. (Hint: we tell from the phase diagram that it is at resonance)
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∗ A frequency just higher than resonance.

∗ A very high frequency.

2. Next we will simulate the forced vibration of the mass-spring-dashpot system.

– Open the ForcedSim program.

– Turn on the measured data switch to view your saved data. To change the
current measured data set you must close and then re-open the ForcedSim
program. Once experimental data is loaded, make your necessary measure-
ments (see below) using the computer cursors.

– For each of the five frequencies you will need to measure and record the
following data:

∗ damped period (τd)

∗ forcing function amplitude (F ) (Note: you will actually see F
k
, the ampli-

tude of the support oscillation)

∗ mass motion amplitude (A)

∗ phase-lag between the forcing function and the resulting mass motion (φ)

You may also want to save the data to a USB storage device or write it to a CD for
later analysis. To do this just copy the text files of the desired data onto your storage
device.

• Vibration of a Speaker

• In the last part of the lab, you will experimentally fit the parameters k and c for a
speaker by measuring the shift in resonance frequency due to the addition of a known
mass.

1. First you will force the loudspeaker at its resonant frequency in order to experi-
mentally determine the mass m and spring constant k of the loudspeaker.

– Set the Waveform control to Sine and the Amplitude control to 2. Leave
the DC Offset control set to 0. Set the data acquisition time to 0.1 seconds.
The CH 0 Offset and CH 1 Offset controls may be used to adjust the plots
vertically if necessary.

– Turn on the waveform generator and data acquisition switches and adjust
the Frequency control value until you observe resonance of the speaker cone.
To change the frequency you must press STOP without Saving, enter
the desired frequency and then start the program again in order to
observe the new frequency.

– Make a print-out and record the frequency (note the need to convert from Hz
to rad/sec).

Recall that the resonant frequency depends on both the mass m and spring stiff-
ness k. By measuring the resonant frequency you cannot solve for both m and
k uniquely. However, if you also measure the resonant frequency when the mass
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is changed a known amount then you will have 2 equations ( i.e. (1.9), assume
ωr ∼ ωn) for 2 unknowns (m, k) in terms of measured data (ω1r, ω2r,△m). Now
measure the mass of the rubber weight and then carefully press it onto the LVDT
shaft. The best way is to spread the weight open, position it, and release it.

– Find the new resonant frequency, and record the mass of the rubber weight.

– Make a print-out and record the frequency (note the need to convert from Hz
to rad/sec).
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LAB REPORT QUESTIONS
Please answer the following questions concerning the mass-spring-dashpot part of the lab
within your lab report:

1. What is the spring constant k and damping constant c for your mass-spring-dashpot
setup as calculated from your ”ring-down” test? Indicate the measured data and for-
mulas you used to calculate these values. Is the damping constant c really constant?
What does this say about the air dashpot acting linearly?

2. Compare your experimental data to the simulated data for unforced motions. Comment
on any similarities or differences of interest. Did you need to adjust k and c to better
fit your data? How did changing c and k respectively change the simulation graph?
Please attach print-outs.

3. Make a plot of the response amplitude A(ω) using your 5 data points. Make a plot
of the phase-angle φ between x(t) and xs(t) versus the forcing frequency ω. Do these
plots match what you expect from Figure 1.5.

4. For a typical value of damping constant c that you measured, what is the percent dif-
ference between the natural frequency ωn and the damped natural frequency ωd? Does
the addition of a dashpot to a mass-spring system increase or decrease its oscillation
frequency?

Please answer the following questions concerning the loudspeaker part of the lab within your
lab report:

1. Calculate k and m for the speaker, using the resonant frequencies and mass you mea-
sured in lab.

2. Find another real-world vibrating system which could be reasonably modeled as a
mass-spring-dashpot. Give the system a“push” and observe its response. Try applying
a forcing function of various frequencies, and look for resonance.

(a) Describe how you modeled your vibrating system as a mass-spring-dashpot. That
is, what does the mass represent, what is the spring, and what is the dashpot?
Be as specific as possible.

(b) Is this system typically overdamped? Underdamped? If applicable, what was the
resonant frequency (approximately)?

(c) In what ways does the system you found most significantly differ from an ideal
linear mass-spring-dashpot system?
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CALCULATIONS & NOTES
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Appendix: Phase Diagrams A phase diagram is a plot which contains the forcing
function Fs(t) on the y-axis and the response function x(t) on the x-axis. The phase diagram
is a graphical representation of the relative phase of the forcing and motion. Each point on
the plot tells us both where we are in the drive cycle y(t) and on the response cycle x(t).
Time is a parameter that moves us around on the diagram. Since we are only interested in
the phase, we scale each term by its amplitude. Thus on our phase diagram we would plot
the parametric function

y(t) = cos(ωt) (1.25)

x(t) = cos(ωt − φ) (1.26)

When we force the system at ωn ≃ and the phase is φ = π
2

as shown before, we have:

y(t) = cos(ωt) (1.27)

x(t) = cos(ωt − π

2
) (1.28)

Using the following trigonometric identities:

cos2 ωt + sin2 ωt = 1 (1.29)

cos(ωt − π

2
) = sin ωt (1.30)

We can establish the following relationship for our phase plot:

x2(t) + y2(t) = 1 (1.31)

Hopefully you will recognize this equation as the parametric form of the equation
for a circle! Thus, when we force the system at its natural frequency which is very close to
its resonant frequency the phase diagram is a circle.
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