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Abstract -

A design of an equal stress ultrasonic horn with high amplitude was presented. Based on the longitudinal

vibration theory, ANSYS modal analysis and harmonic response analysis, an equal stress horn with required frequency was

designed. The dynamic characteristics of four kinds of typical horns were simulated and compared to verify the correctness

of the design. The designed horn was then manufactured and tested, the results showed that its peak-to-peak vibration

amplitude reaches 148 pm at a driving voltage of 198V .

Key words: horn; equal stress; shape factor; ultrasound

P AR AT R B AR P B R IR S BRERR , F2 2
T LB R R AL AR BE VR T o 7 iy P4 56 P
PN R PR S N v 5 i — e i 2 LA FUL
o BPREIE S R R AR SO AL R AT
SEIUHCIR MR 9 ZEK, DRI Xk T 72 1 AT 4 Wk 0K B8 BF
T EE,

AR IR BRI, P AR AT AT LA AR AR
BIRFS A5 IR B U2, o, 7 Dy S0l 7 0 T Ak B
o OIR T R o 3 o F4 IRERZR IR 2328, T LAY
ASHRFFABBE T AR T B R,
WL MRAT A9 PERERE s AN SR 1 B, b, s B AR
WA COR R BUROR (B TR o A di b, TAR %k
BFzo N T LR RRIOR A UM AL AT b 14 f5e K i
71, R ANSYS Ak i1, U S AT OR R 808 H As

FEGIWH . FHRK ARBIARE ST I 4 5 B H (51205338) ; RIS #
)7 BB GBI H (KJ2013A010) 324

Wk HI: 2013 05 -21 EEcks s H 191:2013 - 06 - 18

B WA B ,1990 44

WEEE Xk 55, W), BI20%, 1971 A4

PR, DA AR AERT I8 85 R L T A0 ARSI A AR S A 4
AT RIS GAT o a0 Wang 257 S5+ T —Fh 0L 2%
IR i ZR AT )AL W AT, ZEAR [ B i BUR BT, I AP AR
AREAT LS BELTE AR AT IR W3S 0 1T 71% , 11 f5e KL
T8/ T 58%

x1 ERLFHEREFARALER
Tab. 1 Positive and negative aspects

of several commonly used horn profiles
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Fig. 1 Schematic of a horn and a Langevin transducer
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Fig.2 (a)Schematics and stress distributions of a uniform

cross section horn and (b) an equal stress horn
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Tab. 2 The geometric parameters of equal

I, =

stress horns with three different materials

g e R [,/ mm L3/ mm

TC4 R =R,exp( —0.001 225x*)  38.9 5.0
7075 = T651 R =Ryexp( —0.001 200x*)  39.3 5.1

303 R=Ryexp( —0.001 191x*)  39.4 5.1

1.2 TEFFHEIRIERE
AREAT XA BE R F2 A DA H AR R M3



oM

WG — PRI B P AL B A T

TR AT RESS/DN , @4 6 105 57 5 B2 5, T 75 BELAT
FAN,@LF ML o 3B A LA RE SR bR R
Aaa, maet. mE 2 arAL L, BT AT LR
ALTA N L BERLAR - B2 Ay A28 Wi AT 19 I e 17 20 L 1) oL e
KE. misroett:

— b (7)

Horf o N RAEAEAR MR LR R I ST, E 9 i B
Py A, 1, N AR S B (AR 2 o) A 2R
W3 7R . 33 s 303 ANEEN, 7075 - T651 4 |
TC4 BRE G =M BH BT I 50 [ o | MAZ W AT BT fiE
BB BRARIE D, 0

R3  =FEEE RS R E KX MR IS KRS
Tab. 3 The fatigue strength and the maximum

stretching length of constant stress part
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Fig.3 (a)Schematic of a equal stress horn and a
Lagevin transducer (b) a mesh for a three-dimensional finite

element model and (c) the displacement nephogram
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Tab. 4 Properties of piezoelectric disk (PZT -4) ,
7075 — T651 aluminum, 303 stainless, and TC4
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Tab. 5 The relationship between length and frequency 3.5F "’A'*’m
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Tab.6 Parameters of investigated
horns calculated by ANSYS

Ak R/R, o0,./MPa 8,./um 7x10 2/(m/Pa)
B4 6.36 5.06 1.30 0.257
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Fig. 7 Vibration characteristic of the ultrasonic transducer
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Fig. 8 Measurement system of the ultrasonic horn
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horn as function of the driving voltage
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