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A study for Focal Length Control of Line-Focus and Point-Focus

Transducers Using Bimorph-Type Bending Actuator

Min-Ku, Chae

Interdisciplinary Program of Acoustics and Vibration Engineering, Graduate School.

Pukyong National University

Abstract

Using a bimorph-type bending actuator, we proposed a new method
which can control the focal length of a transducer by the electric DC
voltage. We designed two kinds of focal length controllable ultrasonic
transducers with actuators, those are a line-focus type and a point-focus
type transducers. The polyvinylidene fluoride (PVDF) piezoelectric type
polymer film is used for transmitting and receiving of ultrasonic signal.
Using the method, it is confirmed by investigation of the acoustic field in
underwater that focal length can be controlled in range of 10% to the
radius of transducer curvature. Also, adopting the method to detection of
copper which is inserted in agar medium, location of copper can be

detected.



Z2&9e 192194 AdE 255 F47E AFeE AFH7 AERA
gk Yo ojfEA I AL gvtdoz J|e FEo] ¥, 7tHo b
Ao Fah BRog v FHg Aol F delgtn AR + A=
g, 71ek AFARRM £ 21AF5A7 A8 AL st ddoes o FA
T 24 ZHE o] go] ojFolAA sttt

AA 22 dde] Bz FHEEH ARAA zgdd #8 A7 A#ot
AAd AT FAH wFxE S F4FH &ML HAE A
th AEAH "HelME g4dr|et oF FAVIE FAHLE FHAHY &8 H
AME 7h37lg AHZIE FAoR o] &y Holzt ¥ A=EE x&v

A} 223wl =Qn. 99, PZT2 ESE 44 Ade ARE 2Ho
ol Adstel AYSA AdHE FES AAE AFIOEI F2L 0
SRR

2ogith AFelolE @ ojul g ol AUAE 71AH FF A
: F A el
7b de ol &=

dlFolo]Ejoltt. Hto] ELF] dFololE = HFH o
Fololelol vlaf Wele] Fdigol A, Aty #E HHAAR ZolmE A

sol golskm AUE zo] shnste] 2AY /T, VIR A= 5

ol
i)
o
it
(&
=
_O‘L
rir
(&
e
)
htt
o2
o
(i
£
g
é
H‘F
2 W
ol

92l §UZE volZE T, 4¥ Sol gon @z



were) 279 & e xaANE waAACk ShE

Zupape] 2sldue 27 WA 270 ES AR A gHEe
2 groldal] WA A4S WA g4 WER 7] s ArI4E
A4AFAE Fol 2704 st PHolR, FAY F+E EALFAE 71
4 5ol ola] 2oy st wHolnh AW Y PUE TF §F
ez 23 WHAYY AdME W7l AZE s 7 QAFA
7] B A 947FN FEE ARAAE F4E Asn ot ol
He dMe AEAY Frhl wet ¥HE A2 ved F7he
e MR AsA Ak



2. vpo] B33 Mg AFojolEF o] & EAAFA L AL Al

B g %4 BN AFE uhsh 2ol vIAHe2 xWAUE ¥
3141717 98] o] &H vlo|BZY WY Azololelel 53 Ualel dha) ol
gdoz 23T oFdolge EAdaRAY T2 2 AFHPE 2708

Ll oo EHE e SALFHY FE WAl AFclelgel Aty A
ol vldste] ZAge d¥doz BARGTh T A W B &
Zolxe 2% $EE 94 AN 22399 Ultrasim$ ol &3} A& o]

Sat o2 Ad 24T g3 vmskel ¥ Aol f84% A
.

T

|

-

2-1. @A Aoiel 9%

2-1-1. 4 A2+ 7ol ol

Fig. 13 2ol ulo]2xa Wy oFclolgel AL A7be o 4B F&
sl oa 9% Wol HojuW HB BE FolA Wk AMNRAE B3
sol WAz 1A=l 3y WEel AR Woz ZAE yo| Y
BH6l olw el wee] gt BAE ye 413 2eHT).

o u
M=M, - o
Vv KC ayi (
My = epbtV, Ke= bept (4 —3k%)

o}z
e

1o
A

Jek} 2hgskE 8 e FAAFE, kT W7 - 71A A@AT, e
stiffness, u, & 2z5 W WMol v

2 golo F AHAA % $Fos WA= oA ez JHA S



WA (209 Zeh

u, = ' + ¢y + o (2)
A7IM ¢, 6, v T2 AT Aot AFddelHe FHy =0 d AH
ANM ZZ 71F2z2 2 Aol ¥y =0 otk BAAX = =0
oty EF, dFololHY &k FW F y= #//20A M=0 o]EZ A (D)
A A (2 o & F- 5 T

rOi

A (D 4 32 4 @ ddatd dg Wste dE -
€ 4 (D% 2ol yed £ Qo

o
o2
o,?,‘.,
i)
2
)
=

_ 932;\"
“: T G DE(4 -3k | (4)

2 @AM yFel 4 AN 2F 0Ee] MY .= Ay av]9 As

o

da gEel FolAE FF Y vel dis HEH

VI, FAR M v ool dEl WY w9 BIE 23 FFE VERES 4 F
ATk, olg At At M yF 7 AN & BT MY, B A
sl EH Fig. 29 2o



Nomalized Amplitude

10
08
061
04 -
02
00
02
04
06+

-0.8

-1.0

Polarization Piezoelectric Displacement of
direction ceramic plate z-axis direction

Fig. 1 Driving principle of actuator ( rectangular type )
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Fig. 2 Displacements of actuator for various DC voltages

(Rectangular type)
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Fig. 3 Driving principle of actuator ( circular type )

Fig. 4 Displacement in z-axis of actuator
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Fig. 5 Displacements of actuator for various DC voltages
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Fig. 7 Construction of transducer

Fig. 8 Photograph of transducers used in experiment
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Table I . Change in radius of curvature { Line-focus type )

Voltage [V] Radius of curvature [mm]
-200 96.5
~100 99.4
0 103.2
100 105.4
200 108.5
Total 12

Table 1I. Change in radius of curvature ( Point-focus type )

Voltage {V] Radius of curvature {mm]
~300 94.8
-200 97
-100 98.8
0 101.2
100 103.2
200 105.2
300 107.8
Total 13
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Tablelll. Input data of Ultrasim

Items Values
Radius of curvature 101.2 [mm]
Transducer aperture 35 [mm]
Pulse type . Ultrasim
y-axis -15~15 [mm]
Observation range
z—-axis 80~120 [mm]
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Fig. 13(a) Measurement results of acoustic field
Voltage = -200[V], #p = 100.6[mm]

3 7 8 ,; o T3
Fig. 13(b) Simulation results of acoustic field
Voltage = -200[V], fp = 965[mm]

- 24 ~



§.700 7.400 8.100 8.800 9.500 10.20 1090 11.60 12.30 13.00

Fig. 14(a) Measurement results of acoustic field
Voltage = -100{V], fp = 103.7[mm)]
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Fig. 14(b) Simulation results of acoustic field
Voltage = -100[V], fp = 99.4lmm]
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§.700 7.400 8.100 $.800 9.508 10.20 106.90 17.60 12.30 13.00

Fig. 15(a) Measurement results of acoustic field

Voltage = 0[V], fp = 106.7[mm]

5P e
P it R o 3 T B PRl

3 ] 3 10 m IR
Fig. 15(b) Simulation results of acoustic field
Voltage = 0[V], fp = 103.2[mm]
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6.700 7.400 §.100 $.800 9.500 10.20 10.99 11.60 12.30 13.00

Fig. 16(a) Measurement results of acoustic field

Voltage = 100[V], fp = 108.9[mm]

o

Fig. 16(b) Simulation results of acoustic field

Voltage = 100[V], fp = 105.4[{mm]
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6.700 7.400 8.100 8800 9500 10.20 10.98 1160 12.30 13.00

Fig. 17(a) Measurement results of acoustic field
Voltage = 200[V], fp = 110.4[mm]

Fig. 17(b) Simulation results of acoustic field
Voltage = 200[V], fp = 1085[mm]
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8.500 9.000 9.500 10.00 1058 11.00 11.50

Fig. 18(a) Measurement result of

acoustic field
Voltage = -300[V], fp = 94.2[mm]

- .+ . -

85 90 95 100 105 110 115

Fig. 18(b) Simulation result of

acoustic field
Voltage = -300[V], fp = 94.8[mm]
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8.500 9.000 9.500 10.00 10.50 11.00 11.50

Fig. 19(a) Measurement result of

acoustic field

Voltage = -200LV], fp = 95.42[mm]

85 90

-

95 100 105 110 115
Fig. 19(b) Simulation result of
acoustic field

Voltage = -200[V], fp = 97[lmm]
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8.500 3.000 3.500 10.00 10.50 11.G0 11.50

Fig. 20(a) Measurement result of

acoustic field

Voltage = -100[V], fp = 97.29[mm)]

Fig. 20(b) Simulation result of

acoustic field

Voltage = -100(V], fp = 98.8[mm]



8.500 5.000 9.500 10.00 10.50 11.60 11.50

Fig. 21(a) Measurement result of

acoustic field
Voltage = 0[V], fp = 99.78Imm]

"85 S0 85 100 105 140 114

Fig. 21(b) Measurement result of

acoustic field

Voltage = 0[V], fp = 101.2[mm]



8.500 9.000 9.580 10.00 %0.50 11.00 11.50

Fig. 22(a) Measurement result of

acoustic field
Voltage = 100[V}, fp = 102.02[mm]

TB5 90 95 100 105 110 115
Fig. 22(b) Simulation result of

acoustic field
Voltage = 100[V], fp = 103.2[mm]
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8.500 9.000 9.500 10.00 10.50 11.00 11.50

Fig. 23(a) Measurement result of

acoustic field
Voltage = 200[V], fp = 105.04[mm]

ST L

TR - - T

85 80 85 71[!.[] 105 M0 115

Fig. 23(b} Simulation result of

acoustic field
Voltage = 200[V], /p = 105.2[mm)]
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8.500 9.000 9.500 16.00 10.50 11.00 11.50

Fig. 24(a) Measurement result of

acoustic field
Voltage = 300[V], fp = 107.6[lmm]

v S

85 80 45 100 105 110 115

Fig. 24(b) Simulation result of

acoustic field
Voltage = 300[V], fp = 107.8[mm]
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Table IV. Changing focal length about various voltages

Voltage {V]

Line focus type [mm]

Point focus type [mm]

Simulation |Measurement| Simulation |Measurement
-300 04.8 94.2
-200 96.5 100.6 97.0 95.42
-100 99.4 1037 98.8 97.29
0 103.2 106.7 101.2 99.78
100 1054 108.9 103.2 102.02
200 1085 1104 105.2 105.04
300 107.8 107.6
Total 12.0 9.8 13.0 13.4
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