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Motivation for Acoustic Power Transfer (APT)
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Underwater Power Transfer
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APT Challenges: Divergence, Attenuation and Reflection

Lower frequency Higher frequency

Tx

» Operating at lower frequency reduces attenuation but increases divergence losses. Tech &



Gradient Index Phononic Crystals (GRIN-PCs)
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GRIN-PCs for Focusing Ultrasonic Waves under Water
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« We recently developed an \ e_Target frequency
underwater GRIN-PC lens for ~25] | e T
focusing ultrasonic waves % | |
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* Our main concern was to focus '3 | |
the energy at the receiver. ‘E N | N

Allam, Sabra, & Erturk, Phys. Rev. Applied (2020).
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Wave Collimation

 Dolphins use a point source to generate their echolocation clicks.

« The melon acts as a gradient index lens to collimate the generated beam from a point
source (the phonic lips).
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Using Two Lenses to Enhance Power Transfer (Ideal Case)

« Our proposed Power Transfer system leverages:
1. A GRIN-PC lens at the transmitter to collimate the waves towards the receiver.
2. A second lens focuses incident waves at the receiver.
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Using Two Lenses to Enhance Power Transfer (Practical Case)

 Using a frequency domain finite element model to simulate the pressure field:

Point source

GRIN-PC lenses

* The source lens improves the directivity of the source.
 The finite aperture of the lens limits the directivity of the beam.
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GRIN-PC lens

 Larger lens aperture yields a more collimated beam.

» The source/lens is approximately a piston radiator with the same aperture.
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Power Enhancement for Omnidirectional
TX and Rx

« The double lens system is characterized using an acoustic tank.

» The Tx hydrophone is excited by a wide band pulse centered
around 90 kHz.

« The Rx hydrophone is connected to an oscilloscope for
measuring the output voltage.
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Enhancing Power Transfer for Low Directivity Transducers
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» The GRIN-PC lens enhances the directivity of transducers with small apertures.



Power Enhancement for a Practical System

« The distance between the lenses is limited by the tank size to
19cm (~112).

* The output voltage is measured on the optimum resistance of
the receiver (2.8 kQ).

Power spectrum Power gain Rx voltage signal
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Conclusions and Future Work

« GRIN-PC lenses enhance the efficiency of acoustic power
transfer systems by:

 Collimating waves generated from TX
« Focusing waves on RX

« Wave collimation was limited by the finite aperture of the lens.

« The GRIN-PC enhanced system transmitted 5.7 mW of electric
power compared to 480 uW without the lenses.

* Future Work: explore a broader parameter space in terms of

distances, mediums, and geometry with respect to wavelength.
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Voltage [V]
Ad L Ao~ wae

Source
piezoelectric
transducer

\

Receiver

Al

.. . .

.
/8

GRIN-PC lenses

Rx voltage signal

h - - -W/o lenses | |
H ——Double lens

190 200 210 220 230

15



\ \ \

Georgia &

Tech)| 4 )

CREATING THE NEXT /4 :
" Questions?
iz




