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Fig. 1. Structural schematic diagram and centerline posi-
tion of large-dimension 3D cube ultrasonic vibration system.
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Fig. 2. Modal diagram of large-dimension 3D ultrasonic vi-

bration system.
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Table 1.  Material and structural parameter table of the system.

HB: kL JIZIN Kl () /mm  /hEREAR(SE)/mm S /mm
HREAN AT TR Aluminum 6063-T83 S P A 25 25 56
Berede R R (R PZT-4 SR 5 A 25 25 6
PR m SR Aluminum 6063-T83 S E A 25 25 56
AR WEAT B R S5 Aluminum 6063-T83 S B A 25 25 77
52 A AR WA B R Aluminum 6063-T83 (] 25 20 45
THk Aluminum 6063-T83 KI5 ia 180 106 111
B 0.012 0.012
0.010 { (a) (b) (c)
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Fig. 3. Comparison diagram of longitudinal relative displacement amplitude distribution on the radiation surface and the length (X-

direction) and width ( Y-direction) of the radiation surface.
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Fig. 4. Schematic diagram of dislocation defect: (a) Lateral

dislocation structure; (b) longitudinal dislocation structure.
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Fig. 5. Tool heads with homogeneous dislocation structures: (a) Model diagram; (b) dimensions of each part of the YZ surface of the

tool head; (c) dimensions of each part of the XZ surface of the tool head.

Eigenfrequency = 20604 Hz Max: 0.01
103
. 11
10
9
8
7
. 6
5
4
3
2
1

Min: 2.52x10~%

6 IR BT AR A AR B R RS = 2 75 U 3l 3R e ik 2 [
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bration system with homogeneous dislocation structure.
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Fig. 7. Comparison diagram of longitudinal relative displacement amplitude distribution on the radiation surface and the length (X-

direction) and width (Y-direction) of the radiation surface.
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Fig. 8. Tool heads with homogeneous dislocations and point defect structures: (a) Model diagram; (b) dimensions of air circular ver-

tebral hole; (¢) dimensions of air cylinder holes.
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Fig. 9. Modal diagram of large-dimension 3D ultrasonic vibration system with homogeneous dislocations and point defect structures.
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Fig. 10. Comparison diagram of longitudinal relative displacement amplitude distribution on the radiation surface and the length

(X-direction) and width (Y-direction) of the radiation surface.
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Fig. 11. Influence of the parameter of h on the performance of the system.
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Fig. 14. Influence of the parameter of r; on the performance of the system.

BRI Y J7 1] B9GN] (5 RS PR S A 345 B4R
IR B, Y w 7E 5—8 mm Z [H]HU{E
IF, ZR G0 4 S T 4 G ) 452 8 B R 0 A1 1 &) JBE SR Ak
I, 255 7% I8 PERETE b, UK iR S
FiE wTE 6—8 mm Z[HBUER, [FBTAE 5 A bk
B FE B R =4 W iR 3 R GE R RE Rl 35 3
B PR AR,

13 57 1 IS A A3 IR AL Y s
hy R R RS) = 4 7 I ) 2 G0 1 TR IR AR | 48 A
TR B ] AR X A7 B8 W M | 52 B% 4R i 0 A7 41 5 JiE 1Y) 5
M KA. DAIET 13 W] LU th, 24 HAh TUAT 4548 2 4L
PRFEAAE (E h=67Tmm, w="7mm, | =
17 mm, b, = 52 mm, l; = 15 mm), FE&H h, 3G
K, RGEEPRAT AR A2 ISR/ 5 3 K3

R X, Y 7 1) (8 G 1) A X A7 B A I 3 A
B AW R Rk, 5340, BEE by K, FRgt
TET A X5 T A A 1o 7 A% 4 Rk A1 180 50 o A 52 9
RPN RN OF <E N L i I gy a R S E N ]
LRSI 53 A1 4 5) B B AR S BLSEI KIG 0, 5
BRI N R 255 B RB R AR, Y
hy #E 60—70 mm, 85—90 mm Z [&] BUEL A, [] i
N 5 a5 R 25 K ) RORSE = 4 PR s R BE 1
PERE PTIA 2 BN FRAR RS

Kl 14 SR T 5 5 AR T i o [ AE AR AL Y 2 A2
ry X RS = 28 0 75 ik 311 2R 6 A T IR A0 %8 | o S
T A ] (SRS i M L 57 0 I I8 4 A 349 50 B ) 5 e
B OB 14 AT DA A LA 4550 S 8
AAZE (BEE b= 67 mm, w=7 mm, /, = 17 mm,

084304-8


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. 73, No. 8 (2024) 084304

L =52mm, I = 15 mm, h; = 86 mm), f#H r
IR, ZR G018 IR A1 30 A 22 L5 A5 /N ) e 4
RS X, Y 77 1] BN ) AR XA A% i i A A 2
ORI N, S3Ah, B ry FOBG R, R A T
1 X J5 o] DN Il 57 B AR M J A 14050 B R A S 3 S
v DN AN Y =R R TN O @y A LS E N A
FEPRIE 53 A7 Y 5] AR R U N a3, 275
Z A EREE bR, Y s 7F 3—6 mm Z R HUERT,
[) J5 A7 5 5 s S B 235 4 1) R RS = 48 75 ik B

22000

\ (a) = SEIER
21500 |y~ TR

21000 | A

20500 F [N N~

———

iR /Hz

20000
19500 - Y

19000 F y

0 5 10 15 20 25 30 35 40 45 50 55 60 65
HE/A

Bl 15

FGEHPERE ]k BN FARATIRES.

P 15 SR TR SR e BB R B i) 2R e
REFRARE S SSME AR L. S5 R 3R I, IR
THCI LA S B AR TR ZE7E £1% BN, B
T B R KT

MIEL 16 FTLLF H Fi i X 77 1) i A 1 AR
2% IR MR %) T RS DL BRI AR X R 25 7R £9% Y
WA, UG TR AR, AT 17 R Y, 46
SSYTET Y 7 15 B2 1) AR X7 %41 i 4 0 £ A0 52 0

1.0
F(b
0.8 ()
. 06f
S oaf
4 E
35 0.2 F
= of
5~ L
£ 0.2}
[ L
8 04}
& _o6f
—0.8f
1.0 . . . . .

0 10 20 30 40 50 60 70
Heg/ A

WA % T L SI2300 BL FR 0T Ll B R ¢ 2

Fig. 15. Comparison and relative error between predicted and measured values of frequency f.
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Fig. 16. Comparison and relative error between predicted and measured values of z displacement.
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Fig. 21. Measurement and comparison of input impedance and resonant frequency of unoptimized systems: (a) Measurement pro-

cess; (b) measurement results; (c) simulation admittance curve.
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Fig. 22. Measurement and comparison of input impedance and resonant frequency of the optimized system: (a) Measurement pro-

cess; (b) measurement results; (c¢) simulation admittance curve.
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Fig. 23. Measurement of amplitude distribution: (a) Measurement process; (b) measurement results of non-optimized systems;
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(c) measurement results of the optimized system.
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Fig. 24. Displacement amplitude comparison diagram of the

radiation surface of the two systems processed.
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Abstract

Large-scale three-dimensional ultrasonic vibration systems are susceptible to the influence of coupled
vibration, resulting in a series of problems such as increased energy loss, small longitudinal displacement
amplitude of the radiation surface, and uneven distribution of longitudinal displacement amplitude, which can
seriously affect the working efficiency of ultrasonic processing system. How to effectively control the coupled
vibration of large-scale three-dimensional ultrasonic transducer systems and optimize their performance has
become an urgent problem in the field of power ultrasound. The research has found that some phononic crystal
slots and point defect structures can suppress the lateral vibration of large-scale transducer systems, improve
the uniformity of system amplitude distribution, and artificially regulate the performance of large-scale three-
dimensional ultrasonic vibration systems by changing the configuration parameters of phononic crystal
structures. However, excessive design parameters will inevitably increase the complexity of system design, and,
currently, the optimization design of large-scale three-dimensional ultrasonic transducer systems relies on
empirical trial and error methods which has low design efficiency and low success rate, and cannot guarantee
the system performance. Therefore, in the study, homogeneous dislocations and point defect structures are
introduced to optimize the design of large-scale three-dimensional ultrasonic vibration systems. Data analysis
techniques are used to evaluate the influences of the configuration of homogeneous dislocations and point defect
structures on the longitudinal displacement amplitude, amplitude distribution uniformity, radiated sound
power, working bandwidth of the system’s radiation surface. And a predictive model for the performance of
large-scale ultrasonic transducer system with homogeneous dislocation structure and near periodic defect
structure is established, which can achieve intelligent design of large-scale power ultrasonic transducer system,

improve design efficiency and success rate, and reduce the design cost.

Keywords: coupled vibration, large-scale three-dimensional ultrasonic vibration system, homogeneous

dislocations, point defects, intelligent design
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