Q3

(@) The driving-point displacement FRF may be expressed as a modal sum:

Un ()11 () (un ()

Wn? + 20w, — w?

HGny,0) = )

At the fundamental resonance, this approximates to

(@)

- 2iw12d;

H(w)

At low frequencies, this approximates to

H(w) ~ Z

n

()" (w ()"
2 2

Wy wq

Hence, the ratio of the amplitude at resonance to the pseudo-static response level gives

(1 (0)°  w,? 1

20176 (w,(0))° 260

=0

Using the data in Table 1 gives Qi1 =41.56/1.13 =37

B z Wn? + 2iwwy, — w?
n

The half-power bandwidths are then calculated as f, / Q1, assuming the Q-factor remains constant.

Response amplitude Half-power Velocity
Frequency . .
Mode (H2) bandwidth amplitude
(mm/N) (dB re mm/N) (Hz) (mm/s/N)
1.06
- 0.1 1.13 - -
32.4
1 9.6 41.56 0.26 2507
0.51
2 60.3 1.06 1.63 402
-17.1
3 168.9 0.14 4.56 149




(b) Full marks for sketching the FRF are obtained by using correctly labelled axes and accounting for: the
pseudo-static response; the level and frequency of each peak; the varying half-power bandwidths; and the
presence of anti-resonances between the peaks (because this is a driving-point response).
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(c) Full marks for sketching the velocity modal circles are obtained by calculating the circle diameters (angular
frequency x peak displacement amplitude — see final column of table) and correctly orientating the circles on
the real axis.

T
Mode 1
1000 - 1

500

Imag
o

-500

-1000

| . | |
0 500 1000 1500 2000 2500
Real



(d) Moving the shaker close to the root reduces the response magnitude across all frequencies (although this
is less significant at higher frequencies due to the changing positions of nodes/antinodes). All three modes
are still evident, with the natural frequencies and modal bandwidths unchanged, but antiresonances are no
longer present because this is now a transfer function. The modal circles are reduced in diameter; those for
Mode 1 and 3 remain on the positive real axis but the Mode 2 circle is now on the negative real axis, which is
deduced from considering the sign of the modal factor un(x) un(y) at each resonance.
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(e) In this application, the primary advantage of a hammer is its portability and ease of use (it also applies a
purely normal force but this is less of an issue for the floor beam, which is axially stiff). The primary
disadvantage is that it may not provide sufficient excitation for the heavily damped beam (Q-factor = 37), with

the possibility of a poor signal/noise ratio, although repeated impacts and averaging would help mitigate this.
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ASSESSOR’S COMMENTS, MODULE 4C6

Q1

This was a popular question, being attempted by 21 candidates. Parts (a) to (c) were generally answered
well. Most candidates correctly formulated the first order equations of motion in (d). Part (€) was more
variable, with several candidates unclear on the physical interpretation of complex modes, and the table
in part (e)(iv) was not always complete. No candidates noticed that damping between all floors in (e)(v)
could lead to proportional damping but many made sensible comments, gaining some of the marks
available here.

Q2

This was the most popular question, being attempted by 24 candidates. A surprising number did not
accurately derive the ODE’s for R and F using separation of variables in part (a). Sketches of the modes
in part (b) were generally good, though many missed the doublet pairs of modes. The mode sequence
was listed accurately by most in (c), and marks were awarded whether the doublet pairs were counted
separately or not, as this was ambiguous in the question (marks were carried through to part (d) when
working was correct). The transfer function sketches showed considerable variation, depending on
which modes were identified as being visible in the measurement. Parts (e) and (f) were generally sound,
but few noticed that the frequencies would end up the same for both parts.

Q3

This question was attempted by 15 candidates and was generally well done, with the majority of
candidates gaining marks in all parts. The quality of sketching of the response functions varied
considerably, and many lost marks by failing to highlight the important features asked for.

Q4

This question was attempted by 15 candidates and was, without exception, done poorly. Most
demonstrated some understanding of Rayleigh’s principle and the correspondence principle in part (a)
but none formally derived the Q-factor in terms of loss factor. Parts (b) and (c) were done particularly
poorly, with candidates getting lost in the complex algebra.

T Butlin
J P Talbot
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