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Design Method for Ultrasonic Transducer to Bonding
with Dissimilar Materials
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ABSTRACT

In an attempt to improve adhesion strength between glass and metal due to use of Pb-free solder

as a sealant between glass and metal in the manufacturing process of vacuum insulation window

glass to maintain the vacuum volume, ultrasonic energy is often applied during the process of

Pb-free sealing. In this study, we propose an ultrasonic vibrator with a 4 mm end tip radius which

performs resonance frequency of 60 kHz and 14 um or higher vibration displacement. A frequency

variation due to applied pressure on piezo disks, which was excluded in the computer simulation,

was verified experimentally, and we have demonstrated a 17 um vibration displacement at 50 V input

through the performance test of a vibrator constructed with our specification.
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Fig. 3 Modal analysis of BLT

Table 2 1st & 2nd natural frequency of BLT

Table 1 Material properties of transducer .
Youngs 4 ' . 4 . Longitudinal mode Frequency(Hz)

modules(GPa) Poisson's ratio Density(kg/m”) Ist 55.520

113.85 0.31 4,430 2nd 70,338
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(a) Thermal equilibrium temperature profile of BLT
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(b) Thermal equilibrium temperature profile of PZT

Fig. 4 Thermal equilibrium temperature profile

7 XEAE Fig 59 2o

1

4194AE o]&3te] FXFITE SAHST 2.1
ol AF 3 wpe} o] At PRI} BEEXRY
TEE Zton, BE x9] 719¥d met $F5
F7F Gtk A zlsA AA Al 60 kHze T3t
TE e AEAE AFshE Aol Hxgly] vl
A2 AZF Al BEE 29 74wt FaE
HHow F&loH, Fig 6ol 4¥dx A7
o]g3le] YHAAS Fol= o] W FFI

o] WstE Yepldeh 7kt 25~190 kgfem whet
5~6kHze] v Wal MelE Holw, oF 192
kgfemoll Al 60,300 Hz9] 3 353k7F &<l H Tk

TN ¢ 5 gEel sAE 2ol Hol

6/et=288s3e =2 8/A22 4

A1E, 2011

oY,
m}ll_tl
l-O‘l

Fig. 5 Bolt clamped Langevin type transducer
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(a) Block diagram of test
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(b) Measurement set-up

Fig. 7 Measurement system for ultrasonic vibration
properties

d= Acoswt

v v

v=—wA ﬁAsz:—W Q)
o714 f= 549 AeFars e, SA49
s &5 o8t Weate] WIS T3tk

60,380 Hz {55 &3dto] SAE Hx¢} o]& W
kst W9]E Figs. 8, 9o YERldlen s0v ¢
o 16.7um?] FZo] WA= A& AL
TORelA Bo] e el met YA FE
wste = 4 Stk 99 @l wEk oF 2.7 um/ve
MPAQ HQIE Hon APAor Frlkshe As
& At

Velocity (m/s)

10 20 30 40 50 60
Input voltage (V)

Fig. 8 Output velocity of ultrasonic transducer
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