
Free Vibration (Experiment)
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Figure 2.5 Samples of Phase Plane Plots

be more fully discussed in the Forced Vibration laboratory). These types of
plots are useful in evaluating characteristics of a system, such as its stability,
and give an overview of the general motion that ensues. They can also be
used to directly observe if a motion is periodic, such as the forced case in
Figure 2.5.

2.2 Laboratory Procedure

This laboratory experience uses the free vibration apparatus that is bolted to
the South facing wall in the laboratory. The VI ”Scope” is used to record the
displacement of the carriage of the apparatus and this data can be displayed
in a number of di↵erent ways by choosing the ”Graph Type” on the VI.
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To the bottom left of the VI you will see a section where the “System Pa-
rameters” are to be entered. The values listed here make no di↵erence to
the results until you reach Part II of the Short Form. The values are then
required to corectly evaluate the spring and damping forces.

The Pallet that is positioned directly under the graph section of the VI can
be used to zoom and pan the view of the graph and move the X and Y
position cursors. You may need to experiment with this to learn how to use
it, or ask the consultant on duty. Used properly, it will greatly aid in the
reading of the experimental data to be collected.

The parameters for the system are as follows. The spring rates are:

k1 = 0.47KN/m

k2 = 1.22KN/m

k3 = 3.30KN/m

Each slotted disc weighs 1 kg, the carriage weight is 1.9 kg and the dashpot
piston weight is 0.20 kg.

It is possible to introduce damping to the system by attaching a ”dashpot
piston” to the base of the carriage. The amount of damping can then be
altered by turning the thumb screw up or down, thus decreasing or increasing
how easily the oil can flow past the piston.

CAUTION: Care should be taken to minimize the am-
plitudes of vibration in order to prevent the oil in the
dashpot from splashing out onto the floor. Moreover,
if this occurs, the data recorded will be invalid as the
dashpot will no longer be acting as a viscous damper.

There are three components to this laboratory experience. The first deals
with studying how the displacement-time graphs of the system change when
one varies the sti↵ness, mass, and damping values. You will first be asked
to look at the undamped case for three di↵erent combinations of sti↵ness
and mass. At least two di↵erent springs should be tested and use a di↵erent
mass for each case. Next you shall introduce damping and collect data that
will enable you to quantify just how much damping is present, and what
type of damping it is.

In Part II of the laboratory experience, you will investigate force-time graphs
and consider how they are added in order to obtain the total force transmit-
ted to the base. Finally, in Part III, phase-plane graphs will be obtained.
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Free Vibration (Experiment)

You are also encouraged to try additional combinations of system param-
eters and initial conditions in order to gain a physical appreciation for the
behavior of a linear, second order, di↵erential equation.
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