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ABSTRACT

This research considered both the optimisation of the cell-phone structure to
maximise vibration response and the implementation of an auto-resonant control
scheme on the optimised cell-phone. Firstly, optimisation methods were dealt with.
The gradient-based method was first considered. The optimisation results show
percentage success rates varying from 0 to 99% for all the test cases tackled with the
gradient-based method.

An alternative optimisation method was developed based on the eigenvalues of a
matrix equation involving the system model matrices. Test results with the
eigenvalue-based algorithm showed a percentage success rate of 100% with
unconstrained parameters and 95-100% with constraints on parameter values. As
these results were more successful than with the gradient-based algorithm then this
method was selected to be applied to the cell-phone structural optimisation problem.

The mock up used to represent a typical cell-phone structure was made of 2
aluminium blocks connected by rubber pads at the 4 corners, which were made of
silicone rubber. Stiffness coefficient for the 4 rubber pads were optimised in 2
different cases. Firstly, all the rubber pads were given identical stiffness coefficients.
Initial results indicated that the loss angle for the silicone rubber compound is
approximately 4° and the corresponding optimal stiffness, which was the target for the
experimental system, is 3,710 N/m. The experimental results with the optimised
structure were successful in that a large magnitude vibration was realized at the
design frequency of 122 Hz.

In the second case, the stiffness of the 4 rubber pads was varied freely. However,
as the relative motion of the two blocks has only three degree of freedoms, it was
necessary to first fix one of the stiffness values in order that the optimisation problem
has a unique solution. From the first case solution, a stiffness value of 3,710 N/m was
used for pad 3. The maximum vibration performance is then achieved with stiffness
values k; = 4,984 N/m, k, = 1,492 N/m, k3 = 3,710 N/m, k; = 11,489 N/m. The results
of the two optimisation cases are compared. It was found that the vibration response
at the lowest resonance of case 2 is greater than case 1 by 106.4% and so performance
is significantly improved.
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The auto-resonant control scheme was designed and implemented on the optimal
mock up. In this study, a vibration speaker was used under auto-resonant control,
where an acceleration signal was used with a phase shift operation to directly drive
the speaker. However, the frequency response measurements showed that the
maximum amplitude occurs when the phase shift is -145°. Thus, the required
excitation signal cannot be achieved by a simple operation on the acceleration signal.
The phase-based auto-resonant control scheme was therefore developed in this
research. Results show that this controller can be applied successfully on the mock up,
and is robust to parameter changes e.g. mass changes.

For multi-degree of freedom systems, the phase-based auto-resonant control
scheme, similar to the one developed here, is more likely to work than the direct auto-
resonant control because sometime resonance does not occur at phase shifts of
multiples of 90°.



