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Design of a Push-Pull Type High Power Ultrasonic
Transducer by using the FEM

il 4 AR R A O A
(Yanggi Yoon®, Kukjin Kang*, Yongrae Roh**)

2 o

71&9] Push-Pull EJAFARG 235 2 S8 38 35 o %017] A3 Adg SUe) 2FHE F A
2% T2 Push-Pull EALFME AR ot §3 84 48 A7 ANSYSE o[§3le] EdARA UL
TAR ¥, AF X MFE, &, Qol, W, Endcap Edge ¥35<] Azl tig 4o AfAgS 2A8 A 4L
T8y A% AA do|, WA, Endcap Edge NS W) 7IE EdLRmA Hu} 2oz o JEHBME ¢ &
295 TEE 7 U AEE TR 129 EJAFAE AR 2 F5E 7IE EAAFAY A5 vz 3
oz Ml ERd2FAY 38 433t
A4 4o): Push-Pull, 8484, &3, HR7)

Fagok 259 ¢ @3y Fold.l)

ABSTRACT

This work is aimed to develop a nmew type of the Push-Pull ultrasonic transducer that can provide higher sound
pressure level and simpler intemal structure than conventional types. The driving part of the newly designed transducer is
positioned in the middle of the cylinder, and its optimum geometry is determined by using the FEM package, ANSYS.
Through FEM model analysis, the effects of all of its geometrical variables such as transducer length, transducer radius,
and the edge shape of the end cap have been examined, and the results have led to the optimum geometry. The newly

designed transducer has been found to give better performance than that of traditional ones.
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Fig. 1. Schematic diagram of the newly designed Push-Pull
ultrasonic transducer.
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Table 1. SheH materials and their effect on the transducer

performance.
GRP | medam | low low low wide
Plastic bow ow low low wide
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Fig. 2. Finite element model of the newly designed Push-Pult
transducer.
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Fig. 3. Design variables.

3.22. Aol

dold) ulg Wy mAHANE AL 2 39M
AN Hol, PZT |, EndcapZo], A2 o] o] Sotk
PZT Zole Iy 30lM €2 FE $d 439 A&
Zol& ouistm, ¥4 £ ol Endceps®t nF ¥¥

109

Alole] Aolg oui@c). AAZPele AF. Fukerl 20
kHz o]idolgh= 2o} 23] 80, 100, 120, 140 mme] 4
FE AR, AM Dol e diE oAl
Endcap, PZT, d7Z%-<] Zo|g AEsx A A 74
B2 2 A4 Peo] Wzl mE EJLFAY Y W
32 A ARAHQA Dol WFEL 2z} FAA) o]
& AASH: W9 Wl Endeap ol 20 ~ 70 mm,
PZT Zo] 20 ~ 110 mm, 9472 B o] 5 ~ 95 mmZ
Utk olE Aol2) Yde Be oY) H49E F3) 20 kKHz
o], 25 kHz o3t AN Wshs Belg g R
2 24 # dertE AR gl 23 golrh

323 ¥
Aol Wgo) W YoM A LB o) 7
A v ALE 74§ ALY Az ol uidt w3
Mg ddsiact AA wd-g 13, 20, 30, 40, 50 mmz
ARsta, z+ A 93S FAS HA el 92 F
94 3 ~ 33 mm, PZT ¥4 8 ~ 44 mmE 3%{ck 2=
M3 WA Wy PZT 473, 942 & U4,
AR Fol Ut 2¥ 394 PZT ¥HEe 97 B9
B3e ¥@stn, 92 ¥ 3 PZTUHR 73] 93
£ ojuista, A4 $RL IS XYY FA) EJAFA
o] W& ouigth ubg wsle] g3t sAo) AlEE E
d2Fr o) o] FH4L ¢ Heo 4 ZAE uigten
59 A7 A8 4P
(1) A4 Zo| 80 mm, Endcap Zo} 20 mm, PZT &
°] 50 mm, 2% o] 5 mm

(2) AA Zo| 100 mm, Endcap ZAe] 40 mm, PZT Z
o] 30 mm, 9248 o] 25 mm

(3) A Z2o| 120 mm, Endcap d°] 60 mm, PZT &
] 50 mm, AZ% Z°] 5 mm

ol de] EjARA el o] o3y Lol wAS
HAd 50 mm ool ol¥] ES} Bo| WIAIFY, Z}
Agle) AL HrsiRoh Eel ©IHAE Pl
oJA PZT 3% Q3 Fo] 3L olgje] z1& UH
= E 43

O 9E 2R =2 QU x 113

@ PZTe W7 2 42 %o B2 + S mm

@ 49 e dAHez 3 mmE 2%

Aol Do 23L EP2FAY AF 3 93 B9
UL BRI fsiMe 42 59 WAl ox 27
o|ifolojol gt FollMd g wkEe] 30l dor MU
Az, @9 23U PZTV} $o4f RE2 deR I
317] fsiMe 2 SOl BlE "B FFol © Aok
ke HoA PR, @9 21L Aol AYAA
gon 2% F dA] 0] dold 5 U, VR FA
i BA(stiffening) £} o] ZA R ZFo] AAIA
e F Avhs W neld FAF oz 4P Zloch



110

IV. Push-FPull EBASAS G8t @4 sl ZHa}

4.1. %5 Edge¥ EMAFTA

4.1.1, go]

Qo] ¥Ee] W g Fy S<ke) dsE 20 ~
25 kHz digoA @A AAE 2 4 ~ 60} el
itk 29 40lA FA Zoj7l 80 mm B2 100, 120,
140 mnY o 2o} & 3% ehifla, dolrt Aol
ArE A 2900] MYshs Foert PP VoRHe AL
& 4 itk AL Endeap?] Aol AN A A2 B
Hole} PZTY Uo|F WA ZReo|r}. olelF HF2
A Zo|7t ojdLE EMAFMY FHFIHrE 3
A 9 YolxiA ded, B2 g9l 20 ~ 25 kHzel ¢l
FAFHTE HAAZ7] e U] BT RE
3 PZTE| Zolg Aot e AoZ HAdo.
Y 237 = A Zolrt 140 mme] 3%l
€ ¢ F35 dgde] 9241717171 o]F =, 100, 120 mm
o] BAgos Hd &<Fel 27)7) 80 mmY o) v]afA
JEeg A4S & ¢ Avk F, EWLFAH FH 2
ole] Wl wtE FHFge] WIE FH 22 PZTY
Zo|vk 2FFo M YW VAEFAE & & A2,
w2ty E b Ae] W4l Endcaps] Zeol= Y7 =4
okt Yite Fokr digdld FEF 7Y SUtE
FEE & Uee ¢ ol @A gL A 2
o7 ¥ g of Ho) &€ Wiyl A% Endcap Hols}
PZT Zel9} @& 29 59 69 vehisict a3 49
Yekd A & dEHA A2 A4 Zol7l 80 mms}
120 mmql A5l g 232N, F A 25 20 ~ 25
kHz W9 EFARAel 4 Fog7 4237 A
A& Z} Endcape] Zolel ths] PZTY] Zolx: 53 #te
7ot 3lm, AwizEo = Endcap] Zo)7l Zold4E
Ay §4e ARE BA$a 9ot &, Endcap®] e}
Hold$E PZTY Aol ulehy ZojHoiqt A &<
< 3FE 8 F UAEE & F Uk o) AFAe ER2
Aol A Zole wdlnigbs, 20 ~ 25 kHz i
HAasle 24E e Re AF Uy 3L & 44
B9 Folo|d, o] Wy Fhe] Ao)F LB FAA
#AF7] AAMEe EJ2FA Zo|7t Foldd uE
Endcap®} PZT2} Zolk AP v &2 AAA, ¥ F
¢ Aol 4R & AR FAAACK o FHAF A
A HY SEE 28T F JES RAEY. wetM 29
531 6o} Vet AR2RE, A P #FE

(1) A&} Zo] 80 mm, Endcap He] 20 mm, PZT Z

o] 50 mm
(2) 23} Zo] 100 mm, Endcap Z°| 40 mm, PZT o]
50 mm
3) A& Zo] 120 mm, Endcap o] 60 mm, PZT A
o} 50 mm
2 A3 olg F Ad S}e FEEe AL ()
Wl Afolm o] w AF ReT ¢ A pHIHE

HESEEAE F19% F4R000)

Rez yehgtou, VYox A$E2x ERP2TA HA
Ag FYoMde Anelt ARPEL s Mg
4% 918 Aejck A Zol7t 140 mm$ A9 Endeap
2] 20| ZFINYIYT 20 ~ 25 kHz ol ERAR
e 34 FFE AAXNTIZI7F LA ot wiiA BT

3SOJ

Total Length
—a—80
e 100
..... 5120
—v— 140

Pressure(Pa)

L n's I;O 150
PZT Lengih(mm}

a8 4. 713 X2 & A Helel Wi PZT o] Wil
w8 ShEndcap Zo] = 20 mm)

Fig. 4. Acoustic pressure vs. PZT length for four different
cases of total length (Endcap length = 20 mm).
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Fig. 5. Acoustic pressure vs. PZT length for two different
cases of Endcap length (Total Length = 80 mm).
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Fig. B. Acoustic pressure vs. PZT length for three different
cases of Endcap length (Total Length = 120 mm).
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Fig. 7. Acoustic pressure vs. PZT radius for five different
cases of connecting bar radius(Total length = 80 mm,
Total radius = 50 mm).
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Fig. 8. Acoustic pressure vs. PZT radius for five different
cases of connecting bar radius(Total length = 100
mon, Total radius = 50 mm).
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Fig. 9. Acoustic pressure vs. PZT radius for five different
cases of comnecting bar radius(Total length = 120 mm,
Total radius = 50 mm).
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Fig. 12. Schematic diagram of round type transducer.
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Fig. 14. Schematic diagram of a conventional Push-Pull
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Fig. 15. Modal analysis results of the conventional Push-Pull
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