


Initial results
Initial results for the wall thickness variation and also initial lattice sizing and topology
optimisation results are presented here. This work is continuing and will be reported more fully
at a later stage.

Wall thickness variation:

The target in this case was a resonant frequency between the limits of 133 and 134Hz to
match a chosen resonant frequency of the air column. The geometry was split into four variables
and the model set up as shown in Figure 4 with modal and stress constraints and with a weight
minimisation objective. The results of this optimisation are shown in Figure 7 to Figure 10.
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Figure 7 - Results from structural optimisation showing wall Figure 8 - Weight minimisation history. Optimised mass was
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Figure 9 - Modal constraint history for mode 4 (I symmetric Figure 10 - Stress constraint history. Optimised maximum
mode). Optimised resonant frequency was 133.1Hz. stress was 360MPa.

Lattice beam diameter variation:

As an example using a lattice for beam sizing optimisation, all of the beam diameters
were controlled as one variable. The target modal frequency for the first symmetric mode of
vibration was 698.5Hz (lower and upper bounds set as 698.5 and 698.6Hz respectively) which
corresponds to the musical note Fs. So in theory if the structure was made such that it was likely
to resonate at this frequency, then when the note Fs was played then the sound would be brighter
due to increased wall vibration. A weight minimisation objective was also included. The
resulting optimised beam radius was found to be 0.94849mm at design cycle number 9. The
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optimisation histories are shown in Figure 11. Clearly by allowing a greater number of variables
a further optimised design could be achieved.
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Figure 11 - a) Mode 7 resonant frequency history, b) Design variable history, and c) Maximum value of constraint

Topology optimisation:

The model set up for topology optimisation included modal and mass reduction
constraints. An objective of compliance minimisation was set. Boundary conditions were set the
same as for the previous two optimisation examples. Figure 12 shows the material distribution
results with cyclically symmetric constraints included. Because the density is continuous from 0-
1 and not simply void and solid, a density threshold is used to view the distribution. While the
optimised material distribution could be manufactured directly using RM, it is usual to redefine
the geometry based on the results and refine the design using shape or sizing optimisation. It
would be interesting to see the topology outlined from this optimisation be subsequently formed
from a lattice structure, for example.
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Figure 12 - Material distribution results for topology optimisation with a 4 segment
cyclically symmetric constraint and displayed with a threshold of 0.25
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Further work planned

The results shown above demonstrate the scope of this work investigating optimising the
structure of the instrument as well as the internal bore profile. The next step is to incorporate
stress constraints together with multiple modal constraints. As mentioned at the start of this
paper, more detailed results are expected to be available later this year. Work is needed to define
the desired stiffness profile based upon modal characteristics and it is likely that there will be
several desired profiles depending on the level of brightness required. Increased capability of the
optimisation is also planned, especially for the lattice structures, where the position of the beams
will be assigned as a variable.

Artificial lips have been constructed and will be used to play manufactured instruments in
a repeatable manner. The resulting sound spectrum will be recorded and assessed for brightness
based upon the spectral centroid [89]. Validation of resonant frequencies will be carried out
using Laser Doppler Vibrometry (LDV) and visualisation of the vibrational modes carried out
using out-of-plane Electronic Speckle Pattern Interferometry (ESPI).

Conclusions
In this paper a new multi-disciplinary method has been presented which includes acoustic
and structural interactions for optimising brass instruments. It opens up the design space to take
advantage of RM technologies. Specific conclusions are that:

1) Based upon a review of the literature, wall vibrations do indeed have an audible effect on
the sound, as is claimed by most manufacturers and players. The effect of the vibrations
is greatest when the air-column resonance matches that of the structure and it can be
controlled to match that of the air-column by altering the structure.

2) Lattice structures can be used to alter the stiffness profile while keeping the mass to a
minimum and topology optimisation can be used to produce the initial topology which
can later be refined. Wall thickness variation can be used in addition to these to optimise
the thickness of the internal bore profile.

3) Further work is needed to define a more detailed optimisation model based upon defined
stiffness/compliance profiles.

4) RM processes could be used to manufacture the instruments but it is likely that currently
much post processing would be required and hybridisations using stiffer materials for
slide inners may be necessary, or using machining processes to manufacture valves and
bores. However, as newer processes and materials are developed this may no longer be as
much of an issue.
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