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Magnetostrictive alloys change their dimensions in response to
a magnetic field. They are exceptionally robust; instead of a
moving coil or moving magnet, a stationary coil causes a
stationary piece of metal to expand and contract in place.These
products are typically used to drive a larger panel into a
complex vibration pattern. This configuration has been called a
distributed mode loudspeaker or DML[15]. We tried using them
differently, with the driver housing secured to a harness, and
various small (300-600 cm?) rigid panels attached to its active
element. A series of vaguely folded horn like enclosures made
of flexible foam and other comfortable materials were made and
tested as well. (Fig. 3).

Figure 3. Experimental Obuzz boardsO ¢int) and
resonators (ear)

While it may evoke a few cringes from loudspeaker design
experts, this simple approach worked surprisingly well in
practice and has been a very convenient experimental apparatus.
Not surprisingly, the best results came from very stiff and low
mass panels: first lcm foam core presentation board and later
shop-made foam core laminates with wood veneer and carbon
fiber.

Compared to induction motors, magnetostrictive transducers
have very small excursion and high force. Hence driving a
lightweight small panel is an inefficient use of them. We tried
several other configurations and the current favorite uses two
SolidDrives coupled edge-wise to the ends of a thin, curved
carbon-fiber panel. The prestressed panel provides mechanical
leverage that amplifies the driver vibration and couples it to the
air. (Fig. 4) In underwater acoustics, similar designs at an
ultrasonic scale are called flextensional transducers [21].

Figure 4. Flextensional bass belt.

The inside of the panels close to the wearer’s body vibrates out
of polarity like the back side of a loudspeaker cone. This raises
the intriguing potential of using the body itself as a resonator.
Some energy from the loudspeaker is weakly coupled into the
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body, then travels up and out the same path as the wearer’s
voice. The inherent dimension ratios are such that this may
work to some degree as a transmission line speaker cabinet,
meaning that by the time the internally coupled vibrations exit
the mouth, they will be in phase at the primary resonant
frequency of the panels and of the wearer.

At least, in theory. We have received enough positive subjective
feedback from expert listeners and surprised bystanders, that it
seems there is some serendipitous interaction happening. We
look forward to isolating and understanding it in future work.

The curved panel model has good high frequency response.
However, using a belt-pack speaker for the full frequency range
creates a distracting sense of literally speaking from one’s gut.

To address this issue without requiring a large expanse of
exposed thin film around the head, a line array choker has been
created (Fig. 5). This is comprised of a KZ10 ultracompact
speaker from K-array in Florence, Italy, held by a comfortable
if not couture setting hand-molded from polycaprolactone
(Shapelock brand), a low temperature molding plastic. The
KZ10 is usually powerful for its size, weighs only 90g, and is
small enough to be hidden in plain sight.

Figure 5. Neckline array

4. SUMMARY and FUTURE WORK

A high-quality prototype wearable sound reproduction system,
featuring a novel flextensional radiator has been demonstrated.
Subjective audio quality is generally rated as very good.
Quantitative measurements and refinements of the design are
high priorities.

Another near-term step is to build multichannel versions, for
example a 5 channel (LCRLsRs) flextensional belt. In the
longer term, small integrated modules are envisioned that could
be sewn together into self-organizing speaker array. The current
system somewhat resembles sonic plate armour; the next
evolutionary step should be more flexible, like chain maille.

The combination of high-tech rapid prototyping skills and
interdisciplinary empiricism has been efficient so far. Moving
forward, predictive simulation, e.g. finite element analysis and
modeling of the flextensional emitter [2], could facilitate
refinements and more practical tailoring of sound suits to
specific roles.

Another component of a complete audio costume is of course
the microphone. We are concurrently investigating some
unusual sensors in this context.

An obvious challenge when co-locating mics and speakers is
avoiding feedback. One of the authors is working on a novel
method for feedback avoidance in speech reinforcement, that
will be described in a future paper.
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