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The Physics Department of the University of Puget Sound
(www.pugetsound.edu) of Tacoma WA, conducted a research
study of the behavior of normal modes on a musical drumhead
under non-uniform tension. An optical setup was used
(electronic speckle-pattern interferometer) to record images of
the mode shapes and to determine their corresponding
frequencies. The idea was to see how these frequencies and
shapes change as the tension in the drumhead is altered from
uniform. (There are analytical solutions for the uniform tension
case.)

As there is no analytical solution to the drumhead problem when
the tension is non-uniform, the NEi Fusion and NEi Nastran FEA
software were used to see how the frequencies and mode
shapes would respond to particular types of non-uniform forces
applied around the boundary (equivalent to tightening the tuning
lugs of a drum in a non-uniform manner).

The main problem was to set up a circular membrane problem
with a fixed perimeter and then apply unequal radial forces
around the perimeter. Then the pre-stress normal modes
technique was used to get the mode shapes and frequencies.

The resulting model worked very well and was useful for
comparison with the experimental data. It was particularly good
that the perimeter forces were applied in different symmetric
ways, i.e. extra force at two, three, or four, etc. equally spaced
locations around the perimeter. This allowed the researcher to
relate the symmetry of the applied tension perturbation to the
resulting frequency splitting of certain degenerate modes.
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