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Fig. 1. Structure diagram of output adjustable three-dimen-

sional orthogonal vibration direction converter.
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Fig. 2. Equivalent circuit of longitudinal vibration of thin rod.
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Fig. 3. Electromechanical equivalent circuit of three-dimen-
sional coupled vibration of central rectangular hexahedron

coupling block.
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Fig. 4. Electromechanical equivalent circuit of three-dimensional in-phase orthogonal vibration direction converter.
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Table 1. Material parameters of vibration direction con-

verter.
MEE
707504

KA /Pa
7.15x 101

HZp/ (kg-cm ™)
2790

HEL/NERY
0.34

AR e ds Y R ~F H, = Hy = H, = 70 mm
NP AL AN RSB Y SSASMU G N
SRR AR IR SR RE A L. 5 1 A DR AR ] RS
lp =1, =25 mm, HPRRHRE ) RF 1, HZR R LA
Fl, = (25+n)mm; 55 2 FORARERRE ) RS 1, =
25 mm , 1, Al 1 VISR 2D KRR, A R
l, = (25+m)mm, [, = (25 + 2m) mm. & 5 Pi/nh
TE LA B WA [a) RSP 224607 58 R IR 3l 07 1) 22 4
o ) R SR AR A0 3 Bl AR ) RO i A2 AR R A
K 5(a), (c) AT, AR A% B9 A ) RO ORI A S
i, Teig e B s i — 7 T iR T R (A B3 1
T 75 58) G I 2 W5 Te] s 1) RO LAAS [ 14 3
BRI (B 2 Py 58, HE ] AR k4 451 32 15 328 i 1Y
K. 5(b), (d) AR ) RS) 3 R J7 58T 45 4%

181003-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 18 (2026) 181003
24 6.0
(a) —= fc (b)

231 —— fum
N 5.5
%E 21 | jﬁ 5.0
g 20 T }1:;' ./'/
ﬂ::' = 4.5 F )

19

18 . 4.0 .

—2 —1 0 1 2 -2 -1 0 1 2
24 6.0
(c) —— fc (d)

23 | —— fum
N 5.5F /
i 22 //- &
3 9
% i /—k”' gg l /
Z 20t E — \/.\
= 4.5

19 -

18 4.0

m

5 ARt A AL IR BERE i RGTBAE (b (a) RIARSEIRBUREE 1. iR 1E; (b) M BR2E Ay Bl 1, B9AEME; (o) RIARSEIRIGR

B 1, L BO7E Al (d) RIRTIR2E Ay B 1, 1 L BO7EA

Fig. 5. Relationship between the in-phase resonant frequency of the converter and the lateral size: (a) In-phase resonance frequency
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Fig. 6. In-phase resonance modes of converters with different lateral dimensions: (a) Longitudinal and bending resonance modes;

(b) longitudinal resonance mode; (c) longitudinal and transverse resonance modes.
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Fig. 7. Average displacement amplitude of the six end faces of the converter with different lateral dimensions at in-phase resonance:

(a) Varying the transverse size I, ; (b) varying the transverse dimensions I, and I, .
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Fig. 8. Relationship between the in-phase resonant frequency of the converter and the longitudinal size change: (a) In-phase reson-
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error Ay versus Hy and H .
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Fig. 9. Average displacement amplitude of the six end faces of the converter with different longitudinal sizes when in-phase reson-

ance occurs: (a) Varying the longitudinal size H ; (b) varying the longitudinal dimensions Hy and H .
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Table 2.
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PRB 7 AL B, AR 7075 4.

PRy A et Kok 28

Size parameters of vibration direction converter.

%>

lz/mm I, /mm

l./mm H;/mm Hy/mm H./mm

1#

o

25 20 30 70

25 25 25 70

70 70

74 66
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Fig. 10. Co-phase resonance modes of 1# and 2# vibration

direction converters.
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Fig. 11. Experimental sample of vibration direction converter.
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Fig. 12. Admittance circle and impedance-frequency curve of vibration direction converter: (a) 1# vibration direction converter;

(b) 2# vibration direction converter.
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Fig. 13. Displacement amplitude test device.

Bl 14 S 1R 40 25 A ) AH PR AR X 45 it T
FI AR IR 45 5. FR & 14(a) FTAN, ¢ S g
PRIF A, a St 1A AL AR IR UK, b i 57 B R 1R
e/ B 14(b) R, f s A B PR MR B Kk, d i
VR 2, e i AT /)s. BEA, [R]— % 1] B4 6 4 ity 1T
(a ¥ 5 d SR b SRR e Ui 1A L c Ui 1 5 f o
1) B R IR SEAR— 2L

15 Oy 28 4 2 7 ) AH PR AR X 45 it T
PO RS PRIF I 25 5. & 15(a) WA, ¢ i
PR R, a S 57 B IR IR IR 2, b Sty 1T 57 B I Wi
/. BB 15(b) AT AL, f A A PR IR R, d o
TR, e i de /N, oAb, [a)— il i A 5 4 i
(a ¥ 5 d %I b SIS e U1 L o Y 15 f S
1) Ff SR MR S AR — 2.

30 —
(b) —a— - e d¥lf|
25 v il
—— - «- DA
g 20F
g
Py = S - 4=
m 151 T4
1=
@ P o
_e.
Z 10 o AL e
-V - = Y-y~
V-v-v-v-V"- v-v
5-
oL

0 5 10 15 20 25 30
W EAE /mm

(a) a, b, c Ui AL IRIE; (b) d, e, £ I M AL B4R

Fig. 14. Vibration displacement amplitude of each end face of the 1# vibration direction converter at in-phase resonance: (a) a, b, ¢

end displacement amplitude; (b) d, e, f end displacement amplitude.
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Output adjustable three-axis orthogonal in-phase
vibration direction converter”

XU Long Y WANG Gang! ZHANG Haidao!? HAN Liangliang ?

1) (College of Science, China Jiliang University, Hangzhou 310018, China)
2) (Shenzhen Lvyuanzuan Electronic Technology Co., Ltd., Shenzhen 518000, China)

( Received 14 March 2026; revised manuscript received 8 May 2026 )

Abstract

The three-dimensional orthogonal vibration direction converter is an ultrasonic vibration system integrating
power synthesis and three-dimensional acoustic radiation, which has important application value in the field of
power ultrasonic technology. At present, the analytical design theory of the three-dimensional vibration
direction converter is mainly based on the complex wave equation method, and research on its vibration
characteristics also focuses on the three-dimensional vibration direction converter with a symmetrical structure.
Therefore, based on one-dimensional longitudinal vibration theory, the apparent elasticity method, and the
electromechanical analogy principle, this paper establishes a concise equivalent circuit model for the three-
dimensional coupled vibration of a three-dimensional orthogonal vibration direction converter. Several
converters with different lateral and longitudinal dimensions are designed, and their vibration performance is
analyzed by finite element simulation and experimental testing. The results show that when the transverse or
longitudinal size of the converter in a certain direction decreases, the equivalent mass of the bar in this direction
decreases, and the displacement amplitude of the output end in this direction increases under in-phase
resonance. Conversely, increasing the size of the converter in a certain direction will increase the equivalent
mass in that direction and reduce the displacement amplitude in that direction. It can be seen that by adjusting
the transverse or longitudinal dimensions of the converter, the vibration displacement amplitude of each output
end can be flexibly adjusted to meet the needs of diversified ultrasonic applications. The theoretical calculation
results are consistent with the finite element simulation and experimental test results. The equivalent circuit
model provides a concise design theory for the engineering design and optimization of the three-dimensional

orthogonal vibration direction converter.
Keywords: vibration direction converter, resonant frequency, equivalent circuit, coupled vibration
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