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R\ Sxomnn’s Onaweny:

This question was answered well by the majority of candidates. One recurring error was in
- the calculation of the required sampling frequency; only five students obtained the correct
answer for this.



2 (a) The transient decay rate (log dec) of individual resonant modes can be
measured provided the decay is slow enough that a large number of cycles can be detected.
That makes the method good for materials with low damping, and increasingly accurate as
damping gets lower. It would not be accurate for material with higher damping, giving
insufficient cycles before decay below the noise floor of the measurement. The geometry of
the test specimen needs to be designed to have well-separated modes: low modal overlap is
needed so that decay rates of different modes can be separated, by some kind of band-pass
filtering approach. Care is always needed when measuring very low damping, because extra
damping is likely to be contributed by whatever is used to support the test specimen, any
attached sensors, and losses by viscosity or sound radiation into the surrounding air.

Frequency domain methods based on transfer functions, e.g. by circle fitting, are the
second possibility. This method is difficult for very low damping, because you need to
collect data for a very long time to get enough points around the modal circle to obtain a good
fit. The same is true of a half-power bandwidth measurement: it is easier to get an accurate
bandwidth of a moderately wide peak. But if damping is too high then a clear peak may not
be seen, and there is also more danger of modal overlap with neighbouring modes, which
complicates the analysis. So the approach is best for material of moderate damping. With
loss factors around 1% the method overlaps with the transient decay method, and both can be
used as a cross-check. :

For material with very high damping no method based on resonance will work well.
A forced vibration test is then the only option. Some kind of cyclic strain cycle is imposed, at
the chosen frequency. The energy dissipation per cycle, e.g. via the loop area in the stress-
strain plot, gives the damping value. The method relies on relatively elaborate and expensive
equipment, and it is not easy to push to very high frequencies because of the difficulties of
moving mass and possible resonances of the test machine. This method is less good for
material with low damping because of additional damping coming from the grips used to hold
the test specimen.
6)) Glass has high stiffness and very low damping, so transient decay will be the best
approach. The material is also brittle, so excitation amplitude needs to be kept low. Support
structures need to carefully chosen to minimise added damping. Non-contact sensing, e.g. by
laser or microphone, would be a good choice. A specimen cut as a rectangular beam exciting
in bending would be a common choice.
(i) PMMA, from the data sheet, has damping 7 around 0.01, so either transient decay or
circle fitting would be possible. Probably circle fitting would be slightly preferable, because
an approach based on transfer functions allows averaging to be used when collecting the data,
to improve the signal-to-noise ratio. Again, a rectangular beam specimen would be a good
choice.
(ili)  Butyl rubber, from the data sheet, has damping 1 >1. A forced vibration method is
needed. A sample could be cycled in tension or in shear, with appropriate fittings in a tensile
test machine or Dynamic Mechanical Analyser.

(b)  From data sheet, the effective bending rigidity of a two-layer beam is

3 eh
EI:EI[1+ h’+3(1+h
11 ¢ ( )21+eh
where
e:£2-, h:_]Zz__
E, hy

If h<<1, ignore high powers of 4 to get
El~ EIII [1 + 36h] = EIII =+ 3E2]1h
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Now let Ey — E5(1+im,) while E; remains real. Then the required effective 7 is given by
EIQ+in)~ EJ +3E,(+im)hh

SO
_ Im(RHS) " 3E2172h

1= Re®HS)  Ey

() For given values of E; and A, the best coating material will have the maximum value of
E,1,. Since the chart in the Data Sheet has logarithmic scales on both axes, materials with
equal values of E,1, lie along straight lines with slope —1. One such line is included on the
chart. To maximise E,7, the line must be pushed as high as possible. The highest values
correspond to high-loss metals, and the best named materials from this chart are in the region
Jabelled “lead alloys”. All polymers perform significantly worse than the best metals.

Exanaress CorumnerV:

The descriptive part of this question was answered well, but in the cal i

) culation part very f
students made'z proper use of the fact that the thickness ratio # was very small. Tl};)is meaz tt?:tr
most expressions obtained for the loss factor were massively over complicated, and this in
turn caused problems with the application of the Ashby chart.
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Most students showed an excellent understanding of the use of the first order formulation to
obtain damping and natural frequencies; most errors were algebraic mistakes towards the end
of the question.
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Goaninas’s ConmEY:

The final part of this question required the students to apply boundary conditions to a
membrane beyond those considered in the course. This was very well done, and overall the
students displayed a good understanding of membrane vibrations, constraints, and the
interlacing theorem. "
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