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Development of Ultrasonic Transducer System for Wireless Power Transfer
Part 1: Transmitter Development

-
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WooSub Youm, Gunn Hwang, Woo Seok Yang and Sung Q Lee
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Key Words : Ultrasonic(Z 9 3}), Wireless Power Transfer(F-% 78 21 %), Transducer(E #225A41)

ABSTRACT

Recently, wireless power transfer technology is ready to be commercialized in consumer
electronics. It draws attention from not only experts but also public because of its convenience and
huge market. However, previous technologies such as magnetic resonance and induction coupling
have limited applications because of its short transfer distance compared to device size and magnetic
intensity limitation on the safety of body exposure. As an alternative, ultrasonic wireless power trans-
fer technology is proposed. The ultrasonic wireless power transfer system is composed of transmitter
which converts electrical energy to ultrasonic energy and receiver which converts the ultrasonic en-
ergy to the electrical energy again. This paper is focused on the development of high energy con-
version efficiency of ultrasonic transmitter. Optimal transfer frequency is calculated based on the
acoustic radiation and damping effect. The transmitter is designed through numerical analysis, and is
manufactured to match the optimal transfer frequency with the size of 100 mm diameter, 12.2 mm
thickness plate. The energy conversion efficiency of about 13.6% at 2m distance is obtained,
experimentally. This result is quite high considered with the device size and the power transfering

distance.
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Table 1 Parameter values used in analysism

Parameter Value
Air density(#,) 1.21 kg/m’
Air sound speed( € ) 343 m/s
Acoustic absorption coefficient( & ) 1.37x10™
Radius of transmitter( %z ) 50 mm
Radius of receiver( %) 50 mm
Distance of radiation( 7 ) 1.0m~2.0m

__sk‘:‘ jL_7]. JJJC_{C,].D} o]
far field(r>a)Q! 714

]
=3 sha AA A %zzk%z% A% e Yo

WA (3)3 o] |,

1
P()=2ne

a
ar 7 kaTX (2)
7

A7NA, P =PieU, o)},

lp(r.0)| =

o714  Bessel

|27 (kasin0)/kasin6| 2 zbzo] we Atz o<t

P (r)H(0) 3)

functiono. 2 FHHE= H(0)=

2715 epic,

2] (3)011 oHE*oP

Fig. 37} Fig. 4] é‘oﬂ i

___________

—e—30kHz

: —=—50kHz
------ ooeeeeeef ——T70KHZ
: ——90kHz
——120kHz

___________________________

20

40 80 80
/a %

Fig. 3 Axial acoustic pressure of TX vs. r/a y

=28/A 2238 A9 3, 201243/847



oA71H, FARATE SAAAY e AE 100
mm& 7HAH, £AAAZEE A7t 1SmE
AR, FARANA WA g FolA Al

Angular |e|at|ve Plessule Amplnucle

I’EEIEVEI’ 0 05m +30kHZ
0.8 ) —&—50kHz
) —+—70kHz
—4—90kHz
) 0.6 ——120kHz
T
T 04

o 2 B 10
Theta(deq)

Fig. 4 Angular relative pressure amplitude(lH )|)

|P(r=1.5.theta)| @ each frequency

1 —e—30kHz
125 : —&— 50kHz
1% IR_...=0.05m ——70kHz
reciever — gokHz

508 —%—120kHz

() 2 6 8 10
Theta(deg)

Fig. 5 Pressure amplitude distribution at »=1.5m

Power Transmission Efficiency
60

+1=1.00m

"0000. .
o occx'ﬁgaoom or=125m
S0 o° Fpuam‘ie. or=1.50m ||
o L _DDEF Te (125 «r=175m
= AP PR A8l T _ L
< 40 o of o ) « r=2.00m
oy AT ) =] . + o
c + o - TR sl S .. EﬁaaﬂA
D o .o - e * °o hE= T
S 30 o - . * 0
5 7 lo Spherical PO I
w DPRSTICS 55 85kHz  Attenuation o,
o0l radiation . )
(i "0...\‘00 )
. ‘o,
10 4 6 8 10 12
freq(Hz) x 10*

Fig. 6 Power transmission efficiency according to
driving frequencies at each transmission dis-
tance with 50 mm radius transmitter(TX) and
receiver(RX)

==8/A224 A 93, 2012

wop AleiA 2 HaY 5 9)

I A
i
[
Yy
Mo r
of\
o>
H
o
fitl
Jror
a
12
i
O
e

& 1

o Mo B ool do mx st N S ) do ol

I_l
il
i,
ful
9
o
o
s
a
W
o,
)
o
N
N
9
o

o9 N
S

o
¥o U
fr X
29 i
2 K
o
o
R

o
o
4 o
>

T b~
L
XN
e
o dlo
4 @
N

_L,>i
<
~
K
p
rg
=2
o N
i)
¥
N
s o
o%
=

(g
>
e o
o
=g
L odo M ro X0
‘8"110 o
*mrrr_w__
r_‘glllﬁi 2L oot
fpiEe=d
Tl ML 4T o

el
ko
o
=)
[
i
o
rl
'S

Fig. 6914 Yehtze], $alaxt ?ﬁix}g}
AL 50 mmE 1A4EES 7
upebd HAFues gkt A5A7E @S v
T 9 FEFIA 6%3%01 Huol7h a1,
A% A7t 4 W = 1
o] 7} k. AEolA Od%?{ n}o} é}°1 *1 A
e AT S48 93 AdEA HEE Ime
2m°1‘ji o] MelolA Hd A =3
F3}4 55 kHz ~ 85 kHzolth. whebs 57+ A%

ol 1.5mel sids= HA 573l 70 kHz
NFEoR FAA 9 FARAE A

TR A =es et

}H
_‘
K-
=
[
of
FOI

o

ﬁmlm}i

n

o N
ojo

E_I

ra

gl

— op
r=

>
>

x

-

ATA‘ |-)||
. opy
>
o
>
rr

=

O
~J
S
e}
=
S
[
é‘_l“
“O,
1o
re
-
[

= Gallego-JuareZO]
s 0% 29
ST, e

fo
e
=
F(}11
\r’uio
K

o, e r.

mr = off o
l{-\j
i
o
oo
prlJ
=

&
0.

Eie mlm
>

o o

do
2
S

#2 Hgate] ogHoz
AR FPAANSAE, T, ADE Aol



&

2=
Rk

o
=

_?_]

Table 2 Parameter values used in COMSOL FEM
analysis(3)

Parameter Value

Radiation plate material Al alloy 6061

Radiation plate density( P 0plate ) 2710 kg/m’
Radiation plate sound speed( Cp/u/(' ) 5150 m/s
Radiation plate Young's modulus( Y.) 71 Gpa
Radiation plate Poisson's ratio( o-p/we) 0.33

Transduction material PZT(C7, Fuji Co.)

PZT density( Poszr ) 7400 kg/m’
PZT sound speed( Cor) 2930 m/s
PZT Young's modulus( YPZT) 61 Gpa
PZT Poisson's ratio( @) 0.39

TX Surface Velocity Simulation Profile

005

Velocity(m/s)

015}

2 L L L i L
%0 -40 -30 20 -10 0 10 20 30 40 50

TX Radius(mm)

(a) Surface velocity
of designed stepped plate transmitter

frequency response

f,=69,916 Hz
Q-factor=2056

69.8 69.9 70 70.1

frequency(kHz)

70.2

(b) Resonance frequency and Q-factor
of designed stepped plate transmitter

COMSOL simulationresult of the designed
stepped plate transmitter
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