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A large-size ultrasonic plastic welding system based on two-dimensional phononic

crystal structure
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Abstract The tool head of a large-sized cylindrical ultrasonic plastic welding system is machined with grooves
having a periodic structure. A two-dimensional phononic crystal structure is formed. The bandgap of a
cylindrical tool head based on a two-dimensional phononic crystal structure is analyzed. After the optimal
design, the cylindrical ultrasonic plastic welding system based on the two-dimensional phononic crystal structure
is numerically simulated. The variation of the vibration mode of the ultrasonic plastic weling system before and
after slotting and the displacement distribution of the longitudinal vibration of the output face of the tool head
of the ultrasonic plastic welding system are discussed. The results show that the two-dimensional phononic
crystal structure can effectively suppress lateral vibration, enhance longitudinal vibration, and evenly output
the amplitude of the end face. The optimal design of the ultrasonic plastic welding system can be achieved.
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Fig. 1 Cylindrical ultrasonic plastic welding system
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Fig. 2 Schematic structure of sandwich transducer
2.2 [RHEREERFERSH
[ HAE T AR T AT (R S 7 AR 40 R BT

kl
tan (kl) = ——————,
1+ (N+1)2 <kl)2
B0 (2) R kL2 S5, AT HaC(3) oK AR mE AT ) K

REL:

(2)

) o
2.3 BEHEFEIELBERaIEIL ST

X TR R R T 8 7 i ok T A Sk )
ST, TRECR ARG IR . RPN )L,
FTEAEALAR TG B0 R, IREN AR N IAE — s BT IE R /T o
oo~0, SIENA ¢, .ep-c. Z IR RN

e = Zlov — v(00 + 02 (@
e = (o9 — v(or +02)], 5)

E



55378 5 53] FIEE: T YRR TR ARG RO RS A ERHR R R G 813
€, = l[JZ — (o, + 09)], (6) kraJo (kra) — (L =v) J1 (kra) =0, (10)

E
o, E Mo 23 5RO SR IR R A AR
HFHSTEN T, 0, = 09, HIR (4)~ 3 (6) 715

E.=E/(1-2v/n), (7)
E.=E/[1 —v* —nv(l +v)], (8)

Hrb,n = o, /o., BOSIRBIE A A RSN 512 MR
MRS RE: B, = 0./e.v B = 0, /e, 739
PRONIRBIRAE 2 I r 5 1) B 55 28 R A AT 1A
{1 b X B R 15 4R 50 AT DU R E A - IR B AR —
AR AL AR IR AN, 75— AR B A R 2E 4
RSN XM IRSEE RS R B B, I
FEATLIRSL, n (R K/NRSE T 3 2 18] RS & A5 P
LB IR AR fEILEEA b, RIS P15 B B AL AR
B IRBN B T R -

5 (9) K2 20 O AIFF IR B B4R 207 72, = (10)
B89 a IR R AR B IR T R 1B T
%58 T YR D 5 R R B 2 W RS 2, 28 (9)
K3k (10) P GRS ke S AR DA B LA RS
H%, HAEBEL K, k= w/C.y by = w/Cs
C. = (E./p)"/*,Cr = (Br/p)"? X B ko ok B e
O 43 ST S0 1 A\ T8 % A % 0 B s K % 7 3k,
w R FBER p JEE, Jo T 3y 40 B T B — B L
ZER % X (9). K (10) P15

Ul =im i=1,2,3, -, (11)
k’l‘a:R(]) .7:1’2»37a (12)
Horr, i g 9 IERERL, HIRFE AR B & A IR s 2R X
B R(j) AJTRE (7) B3 § MR, BRI R v 1)
BRI . MR L3R % SURT A5 H TR 8 B AR RS S IR B0

sin(2k.1) = 0, 9) & REBOILIRE R T
2 4p2 2 59
(v+v?) n®— ll—v2 - i) 4];;7_((2‘7) n — 2v (i) 4];;7_((2]) =0, (13)
2/ 2.9 2 (- 2.2
%92— [Ragj) + (1) } 2—2% -3 +1=0, (14)

Hrb, 0 = C?/w?, C? = E/p, C KA —4k
NI B AL R P . A AR RS A IR BN AR & R 2L
B HILRINAE AL € T IR B U RST, 1T B
S¥RNEEE K Mg R (14) #iE T HREhR 1
ARE TUAT RS AR 3 A5 2 = 35 2 TA] AR AR 0% &R o
FAN, RN B U RS KRB A — e I,
X (13) AT (BN G REL —MRTE, B—Ah
TZ. WMERYKTZN, BRGNS 2R
BN FEAEIRSD; #E RECNT 20, Hm 5121 4RE)
IR AIRE -

3 BT _HFFRASEHNERENERER
BRHEIE T BKRHE R

X REE RS R T 2 — BRI R RS T
Fk, iR Er PRl R AN 4 5 T R AR B A A2
BT S], PRI/ ZE AR A RS AT M SR
FEBIRER TR T 3, TR 4 1 Ak, 7T LLd
R BETE AT B MR B R RS H

BEALEET YRR AR R A R 1 R AE T TR Sk
B, G0 3 From o 1% T HESKI A28 48 mm, =55
120 mm, 7E T H 3k B3 T 6 AN, FF R m BN
80 mm, & 15 mm, & 10 mm, &M [a] [0 £ 5]
9 60°. K F A BRICIZETHE 5 1 db A4 1 4 2 e 7
&, | F Comsol Multiphysics [ & 77 2= H, 75
B AT A T H SR — o bt i K /N 1 m/s? 07
) o il ) IR B2, A o — i AL VS IR, i vt
SRR A () Jor Sk P A 4 380 oo 8 A4 6 o 97 1) ity
2, BN 2 1) 7 RN o Bl 7 m) (CRARTT IA)) 1Y
B, WK 4 Frs .

TR 4R, BT YRR SRS R IR A
TE T HSLAFLE 5B, HoAh 7 20 kHz~23 kHz T Ak
W BRECNIE . 456 SChr S, FRATTR A 75 28 R AR
P R G TAR RSB 20 kHz 24, RlFfE 5T
T R T A A R 1 (R T R S R I A PR
s 3 — 5 Tl B, oA 1] R sh gk A7 F ], A
T 38 5 r] FR 3N I A8 15 HAE TAEM R N RSN
EhnR—,



2R 7%

2018 # 9 A

15 mm

80 mm 120 mm

BI3 T T 7 SR R A TR K
2=y

Fig. 3 Schematic diagram of cylindrical tool head
model based on two-dimensional phononic crystal

structure
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Fig. 4 Acceleration frequency response curve of

cylindrical tool head based on two-dimensional

phononic crystal structure
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Fig. 5 Schematic view of a cylindrical ultrasonic
plastic welding system based on a two-dimensional

phononic crystal structure
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Fig. 6 Vibration pattern and displacement map
of head surface vibration of unslotted ultrasonic

plastic welding system
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Fig. 7 Vibration pattern and displacement map of
head surface vibration of ultrasonic plastic weld-
ing system based on two-dimensional phononic

crystal structure
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Fig. 8 Ultrasonic plastic welding machine tool
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Fig. 9 Longitudinal displacement of the end face

of a cylindrical ultrasonic plastic welding system
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