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Fig. 1. Structural diagram of two-dimensional ultrasonic

plastic welding vibration system.

W 2 R R R G TAE AR E TR
20 kHz i, 28 Tk B0ER, —BeRheds . 220
FETHRSK BB — 2R a5 . 4 9
BHEE R ge ik ) Je.0 R B % 2 G i Beds
i, B % i ME % £ Piezoelectric ceramic crystal
stack-4 (PZT-4), 242% K 25 mm, JEE R 6 mm,
2 F, A 5 AR B Y O 56 mm, A A [ AE
RS H P& AR R, R 5R BE AF 1Y R B
124 mm. 4 T 19 BB R IRIE &5, REEEER

R 0 52 A 780 4 5 AU AR AT . Hov (B o o B A
77 mm, [FAEBLE A 45 mm, R A AR IEFT )
B R 122 mm. 48 T H LK N 240 mm,
TR 46 mm, = 115 mm. [ HL B 2 i e
A, HAWSTH BEREREAR, SRR Z Fho7 R .
T BT ERMW L h> w 15 hEEE, TR
PABENE, T HSKAE X 5 [a) 23 7= A ™ 5 I B [l B 2.
F|F Comsol Multiphysics 1T 22| — 4EA Tl
HF RS RGBT X (K ) J7 ) PRI 4 A
K, 2 R TR ARG MIRAE, K 344 T —
Y T H TR R AT X 07 [ AN LR oA 1.

Eigen frequency = 22037 Hz

B2 T4 R R 3 R S i R AL A
Fig. 2. Modal diagram of two-dimensional ultrasonic plastic

welding vibration system.
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Fig. 3. X-direction longitudinal relative displacement distri-

bution of radiating surface of tool head.
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Fig. 4. Two-dimensional tool head based on near-period phononic crystal multiple-grooves: (a) Structure; (b) dimensions; (c) cell

model diagram.
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Fig. 6. Supercell model of a two-dimensional tool head
based on near-period phononic crystal homogenous disloca~

tion junction.
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Fig. 7. Schematic diagram of near-period phononic crystal

supercell based on homogenous dislocation junction.
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ous dislocation junction.
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Eigen frequency =20674 Hz
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Fig. 10. Structure diagram and modal diagram of two-di-
mensional ultrasonic plastic welding vibration system based
on near-period phononic crystal homogenous dislocation

junction.
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Fig. 11. Displacement distribution diagram of tool head ra-
diating surface of system based on mnear-period phononic
crystal homogenous dislocation junction and its comparison
with radiation surface displacement distribution with non-

grooved system and system.
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Fig. 12. Dimensional diagram of tool head based on near-period phononic crystal inclined groove structure.
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Eigen frequency =20645 Hz
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Fig. 13. Structural diagram and modal diagram of two-di-
mensional ultrasonic plastic welding vibration system based

on a near-period phononic crystal inclined groove structure.
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Fig. 14. Displacement distribution diagram of tool head ra-
diating surface of system based on near-period phononic
crystal inclined groove structure and its comparison with
the displacement distribution of radiating surface of tool
head with homogenous dislocation in near-period phononic
crystal.
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Fig. 15. Influence of the height of the inclined grooves on

the resonance frequency of the system.
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Fig. 17. Influence of the width of the inclined grooves on

the resonance frequency of the system.
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Fig. 18. Influence of the width of the inclined grooves on
the range of amplitude variation.
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Fig. 19. Influence of the angle of the inclined grooves on the

resonance frequency of the system.
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Fig. 20. Influence of the angle of the inclined grooves on the range of amplitude variation.
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Abstract

When the lateral dimension of the tool head is close to or greater than a quarter of the longitudinal wave
length, the tool head will produce severe lateral vibration. The coupling of the lateral vibration and the
longitudinal vibration makes the amplitude distribution of the tool head’s radiation surface uneven, which
seriously affects the welding quality. To solve the problem of uneven amplitude distribution of the two-
dimensional tool head’s radiating surface, in the paper we conduct an optimized design study on a two-
dimensional ultrasonic plastic welding system. First, using the theory of phononic crystal dislocations, we
construct a nearly periodic phononic crystal homogenous dislocation junction on a large-sized long strip tool
head, and use the homogenous dislocation junction to change the regular lattice arrangement of the phononic
crystal structure to adjust the position of the band gap and increase the width of the band gap, so that the
operating frequency of the two-dimensional ultrasonic plastic welding system can be located in the band gap of
the lateral vibration of the tool head, and the effective control of the lateral coupling vibration of the tool head
can be achieved, thus optimizing the amplitude uniformity of the radiating surface of the tool head and
increasing the amplitude gain. Although the homogenous dislocation junction structure improves the amplitude
uniformity of the radiating surface of the tool head, the lateral dislocation effect of the homogenous dislocation
junction causes the sound waves in the band gap frequency range to propagate along the dislocation channel,
while the dislocation line channel is located in the middle of the tool head, which results in a larger
displacement of the middle part of the tool head’s radiating surface, and a smaller displacement on both sides.
Therefore, the further optimizing of the two-dimensional tool head is required. In this study, the nearly periodic
phononic crystal inclined groove structure is used to better optimize the amplitude distribution uniformity of
the radiating surface, and the influence of the inclined groove structure parameters on the longitudinal
resonance frequency and amplitude distribution uniformity of the ultrasonic plastic welding system are
analyzed, that is, the inclined groove can better improve the uniformity of the amplitude distribution than the
straight groove, but the angle of inclination of neither the inner nor outer inclined grooves should be too large:
the optimal range is 3°—6°. In addition, the difference in inclination angle between the inner inclined groove
and the outer inclined groove should not be too large, and the angle difference from 0° to 2° is best. The
simulation results show that the nearly periodic phononic crystal homogenous dislocation junction and inclined
groove structure can optimize the two-dimensional ultrasonic plastic welding system, which provides a basis for

further research on the theory of lateral vibration suppression.

Keywords: near-period phononic crystal, homogeneous dislocation junction, inclined groove structure,

amplitude distribution uniformity
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