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Development of Compact Ultrasound Focusing Device for Noncontact Force Radiation

Takayuki HOSHT*

Our research group has worked on an ultrasound-based noncontact tactile display. It utilizes a nonlinear effect
of ultrasound to produce a force in midair. It is known that an object in the ultrasound field suffers a force
(acoustic radiation pressure) in the direction of the ultrasound propagation. The position of the force is controlled
three-dimensionally based on the phased array focusing technique: A focal point of ultrasound is generated by
setting the phases of hundreds of ultrasound transducers adequately. After the presentations and the demonstra-
tions of this tactile display, it gradually came out that some researchers working on research fields other than
tactile display liked to use this device for their own issues. But the previous prototype device had a bulky body
and complicated wires, and so it took time and labor to carry, setup, and install it. These drawbacks limited the
situations in which it could be used and prevented us from giving it a try to use it in other application areas. In
order to break through this difficulty, we newly developed a compact device which generates a noncontact force
up to 16 mN. It was carried out by integrating driving circuits and cutting out the expandability of the device.
This small-sized and light-weighted device is easy to use and so useful for exploring new application areas. In
this paper, firstly, the principles of the device are explained. Secondly, the design concept and the specifications
of the device are provided. Thirdly, the experiments show that the ultrasound is focused as the theory predicted,
the intensity of the output force is surely controlled by PWM, and the frequency characteristics covers up to 1
kHz. Finally, the collaborative researches based on the developed ultrasound device are reported as the evidence
of application exploration.

Key Words: airborne ultrasound, acoustic radiation pressure, phased array, noncontact force, tactile display
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Fig.1 Compact ultrasound-focusing device. Paper strips are
flipped up by focused ultrasound.
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Fig.2 Array size and diameter of focal point.
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Fig.3 PWM of 40 kHz rectangular wave.
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Fig.6 Transducer-array (left) and driving (right) circuits.
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Fig.7 Dataflow in driving circuit.
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Fig.8 Experimental setup for measurement of spatial and
temporal properties of ultrasound.
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Table 1 Specifications of developed prototype.

Carrier wave 40 kHz ultrasound
Diameter of focal point | 20 mm (with 20 cm focal length)

Spatial resolution 0.5 mm

Output force

Max. 16 mN (measured)

Modulation freq.

DC and 1 to 1023 Hz

Refresh rate

1 kHz

Power supply

DC 24V

Power consumption

100 W

Device size

190 x 190 x 50 mm?

Device weight

0.6 kg
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Fig.10 Distribution of ultrasound along acoustic axis.
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Fig. A.2 Distribution of ultrasound normalized by maximum
value.
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Fig. A.5 Directivity of transducer (circular baffle of radius
a =4 mm).
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Fig. A.6 Effect of directivity of transducer.

HEND. FlENEFEFRNC, ESERENELS 220D
MWD, TR LE S ETRLNE “RELZESRLY L 20 mm
IFEFRICRAMEE & 27 Blgu, RE L7z ZAKIE 60 C
BEICHYT 5. ThbbiREZ(ET TIXHMHR 20T,
RE) T ORIE - MAHFHEDIX G > E R EMOER N H 5 &
Hanb.

D. EBFOERAEOEE

AL TIXZ ZFEC, IRETDEIME SRS &b &K
ELTCHAZIT- C& . EEORBTI2I3E R D) 2
HY, FIEFMEANY IVERET HELLFORTRIND.
_ 2J1(kasind)

ka sinf
ZZT J FEE-RAN BB, o (m] IXMBEANY 7
AOHAE, 0 [rad] (HRE) FORLEIN D OMETH D, K
CCHWIRE T EORBIR L 4 mm BETHDH. 2
O L xoiERtE Fig. A.5 IR, 2077 70 bIiE#T
DA 50 deg ™Y LIERTE 5.

AR CIHIRE) - OO B EZHE L I 2L —3 3 I
K VREET 5. BRI, Bk O%LE L fEmatERH 55
HIZDNWT, L EOFESMAEFET . EHEC oW T
WA e S 3, RIRIE 15 °C £ 5. oMo M
B LAtk ET 2.

% Fig. A. 6 ([T~ T. KmEOBE & il L CHmtk
B LT A IR AEEARREL 20, HERES 10 %
BE/NSL 725 2 EEARINDS.

D() (D. 1)

(& & @ 7]

= & 2z (E&B)

2008 FHURUR AR AR S T m F e RHE L
BFME T, BARFIFRELSARRIFE R, REARKT
Bi#a#RC, 2011 4 H B T ERTFE TR A /
R—HERE 2 —HHEHE (T=2T - T w7
W#E), BEICED. kT A A DOFFRICHEE.

drh



