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2009 PART IIB 4C6 ADVANCED LINEFAR VIBRATION l
Prof J Woodhouse and Dr H E M Hunt
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2. (a) Damping could be measured by:

(1) forced vibration, e.g. cyclic test in a tensile or torsion test rig;

(2) free vibration and measure in the frequency domain to obtain bandwidths of
peaks, e.g. by circle fitting from a transfer function;

(3) free vibration and measure the decay times of individual modes.

(3) is best for very low damping (long decay is easy to measure). (2) is good for

moderate damping, around 1072, peaks clearly visible, but not too narrow to get
accurate bandwidth. (1) is best for high damping: if there are no resonances, phase
lag or energy dissipation in forced vibration is the only option.

(i) Open-cell foam is likely to have moderate to high damping, to be lightweight, and
to be hard to grip without damage or significant distortion. Could use forced
vibration, or may just be possible at low frequencies to use free motion of a slab or
beam specimen supported at nodal points, and measure the bandwidth of low
resonances. For forced vibration need care in attaching the specimen to the machine:
perhaps glue metal plates to the two faces of a block, then use shear, torsion or
compression cyclic test. Air pumping through the cells will contribute to the
damping: have to decide whether this should be included in the measurement of
“material damping”, or be treated as a separate effect. If the latter, need to measure in
avacuum. For free vibration tests, adding sensors may be problematic, so optical
shadowing, laser vibrometer or a microphone might be good choices. In a cyclic
forced vibration this is less of a problem, and the measurement would be part of the
test machine.

(i) Sheet glass will have very low damping but would be very sensitive to small
cracks. The main problem for a measurement would be to support the specimen
without adding a lot of additional damping from boundary effects. A free-free beam
supported on thin rubber bands carefully placed under node lines would be a possible
method. Impulsive excitation could be used, and the time decay measured, preferably
using non-contact sensors like a laser vibrometer. Would need to put an opaque
reflective spot on the specimen to get a laser reflection. Care is needed in making the
specimen, to avoid microcracks at the edges from cutting.
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Engineering Tripos Part IIB 2009

4C6: Advanced linear vibration

Answers

] 2 .
2. Damped frequencies 2kl + i) , 2kL (; +1in)
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, k=1,2,3... (but only valid for large £)




