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1. Introduction 
 Ultrasonic sound sources can radiate strong 

ultrasonic into the air by using a stripe mode rectan-
gular vibrating plate or a lattice mode square vibrat-
ing plate. These sound sources are used in various 
fields such as deodorization and aerosol aggregation. 
For those applications, a vibrating plate and several 
reflective plates are used to form a standing wave 
field. However, the reflective plates cannot be fixed 
to the vibrating plate and a gap is formed between 
parts. Therefore, we have combined the sound source 
with rectangular vibrating plate and rigid walls to 
solve those problems. Rigid walls are integrated into 
the parallel side in the direction of the nodal line of 
the stripe mode of the rectangular vibrating plate. 
Therefore, this sound source has the advantages of 
easily forming a closed area, the rigid wall being 
fixed to the other parts, and the configuration being 
simple. We previously reported that a standing wave 
field is formed in the enclosure by the vibrating plate, 
rigid walls and a parallel refractive plate. 1) In this re-
port, we investigate the size of the vibrating plate and 
the relationship between input power and sound 
pressure to determine the conditions for driving the 
stripe mode at the resonance frequency. 
 
2. Aerial ultrasonic sound source 
 Figure 1 shows a schematic diagram of the 
ultrasonic source with a vibrating plate. The sound 
source consists of a 20 kHz bolt-clamped Langevin 
transducer, an exponential horn, a resonance rod, and 
a vibrating plate combined with rigid walls. In this 
design, the both ends of the stripe mode rectangular 
vibrating plate is the fixed end and driving point is in 
the center. The interval between the nodal lines of the 
stripe mode vibrating plate, d, is related to the verti-
cal plate end length in the direction of the nodal lines, 
L, and the plate length parallel to the nodal lines, W, 
by 

𝑑𝑑＝√𝜋𝜋𝐶𝐶𝐷𝐷ℎ
2𝑓𝑓         (1) 

𝐿𝐿 = (𝑁𝑁𝐿𝐿 − 0.5)𝑑𝑑          (2) 
𝑊𝑊 = 𝑁𝑁𝑊𝑊𝑑𝑑             (3) 

where, Cd is a material constant, h is the plate thick-
ness, f is the resonance frequency, NL is an even num-
ber and NW is an odd number. Figure 2 shows a sche-
matic diagram of the vibrating plate where NL is 12, 
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Fig. 1. Schematic of the ultrasonic source. 

 
Fig. 2. Schematic of the vibrating plate (NW=9). 

 

 
 

Fig. 3. Chladni figure of a vibrating plate with 
two fixing tools (NW=9). 
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the welding tip during welding were measured. The 
measurement was carried out simultaneously with 
two laser Doppler vibrometers when a pressure of 
100 N was applied at the welding tip. Figure 3 
shows the linear and planar vibration loci during 
welding. The horizontal and vertical axes represent 
the longitudinal vibration amplitude and the 
torsional vibration amplitude, respectively. Figure 
3(a) shows that the vibration locus for a single 
driving frequency (18.1 kHz) was linear. Figure 
3(b) shows the vibration locus for two driving 
frequencies (18.1 kHz and 18.9 kHz) was planar. 
 
4. Dependence of weld strength on welding 

time  
 A welding experiment using aluminum and 
copper plates was performed. First, the welding 
time was varied (static pressure: 200 N) for both the 
linear locus (longitudinal vibration amplitude: 10 
µmp-p) and the planar locus (longitudinal vibration 
amplitude: 10 µmp-p; torsional vibration amplitude: 
8.5 µmp-p). Each experiment was carried out 10 
times. The weld strength (tensile shear strength) 
was measured by shear testing according to 
Japanese Industrial Standards Z 3136. Figure 4 
shows the weld strength as a function of welding 
time for the linear and planar loci. The horizontal 
and vertical axes represent the welding time and the 
weld strength, respectively. The weld strength for 
the linear locus increases with increasing welding 
time for the first 10 s, and then the rate of increase 
becomes small between 10 and 20 s. The weld 
strength for the planar locus increases with 
increasing welding time for the first 5 s, and then 
the rate of increase becomes small between 5 and 
20 s. The weld strength for the planar locus is 
higher than for the linear locus. Therefore, the 
planar locus is better than the linear locus for 
welding of different metals. 
 Figure 5 is based on Fig. 4 and shows the 
relationship between electric energy (horizontal 
axis) and weld strength (vertical axis) for the linear 
and planar loci. The weld strength for both the 
linear and planar loci increases with increasing 
electric energy up to 500 W·s, and then the rate of 
increase becomes small from 500 to 1200 W·s. 
Welding using the planar locus is higher strength 
for the same electric energy as compared with the 
linear locus. From this result, it became that the 
planar locus is higher strength than the linear locus 
at the same electric energy. 
 
5. Conclusions 
 In this study, the weld strength was meas-
ured as a function of the welding time. The weld 
strength was higher after a shorter welding time and 

at a lower electric energy for the planar vibration 
trajectory than for the linear vibration trajectory. 
 This work was supported by JSPS KA-
KENHI Grant Number 15K21409. 
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Fig. 4. Relationship between welding time 

and weld strength.  
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Fig. 5. Relationship between electric energy  

and weld strength. 
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NW is 9, d is 11.9 mm, and the nodal lines are shown 
as dashed lines. The vibrating plate consists of 1.2-
mm-thick duralumin (A2017), and the stripe-mode 
resonance frequency of this sound source is 20.0 kHz. 
We use fixing tools to restrain the vibrating end of the 
vibrating plate in the ultrasonic source with rigid 
walls.  
 
3. Study of rectangular vibrating plate size 
 To investigate the size of the rectangular vi-
brating plate, we investigate the effect of varying W 
on NW. We measure whether the stripe mode at reso-
nance is formed for NL of 12 and NW of 3, 5, 7, or 9. 
Table 1 shows that in each case, the stripe mode is 
formed at resonance. Figure 3 shows the Chladni 
figure of a vibrating plate for NW of 9. Fixing tools 
are set at both ends of the plate, and the black lines 
are sand showing the nodal lines of vibration. There-
fore, NW fits an odd number. 
 
4. Sound pressure distribution of the aerial 

standing wave field 
 To determine the sound pressure distribution 
of the standing wave field formed by the vibrating 
plate, rigid walls, and a parallel refractive plate, we 
investigate the distribution of sound pressure. The in-
put power is set to a constant 0.5 W, and the reso-
nance frequency is set to a constant 20.0 kHz. The 
parallel refractive plate is located 75.8 mm from the 
vibrating plate. The sound pressure is measured in 
the x-z plane on a quarter of a narrow side length (red 
one point broken line in Fig. 2) using a microphone 
on a probe (TYPE-7017, ACO) with NL of 12 and NW 
of 9. Figure 4 shows the sound pressure distribution 
in the x-z plane. The sound pressure is normalized to 
the maximum value of the microphone output volt-
age and is shown by color scale. An aerial standing 
wave field is formed toward the x and z-axes, and the 
intervals of the sound pressure antinodes are approx-
imately 12 mm. 
 
5. Sound pressure of an antinode of standing 

wave field 
 To determine the relationship between input 
power and sound pressure of an antinode in the 
standing wave field, we investigate the sound pres-
sure using 1/8 in. microphone (TYPE-7118, ACO). 
Measurements are conducted at the points of the 
highest sound pressure in Fig. 4. Figure 5 shows the 
sound pressure as a function of input power. The hor-
izontal axis represents the input power and the verti-
cal axis represents the sound pressure. The sound 
pressure is approximately proportional to the square 
root of the input power. The sound pressure at an in-
put power of 30 W is 2.97 kPa (sound pressure level 
of 163 dB). 
 

6. Conclusions 
 We investigated the parallel plate end length 
in the direction of the nodal lines and the relationship 
between the input power and sound pressure in the 
sound source with a rectangular vibrating plate and 
rigid walls. Our results show that NW fits to an odd 
number and the sound pressure of the antinodes of 
the standing wave field increase with increasing in-
put power.  
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Table 1. Occurrence of stripe mode at resonance.
○: stripe mode at roccurs at the resonance 

frequency. 

 
 

 
Fig. 4. Sound pressure distribution in the x-z 

plane with a parallel reflective plate. 

 
Fig. 5. Relationship between input power and 

sound pressure. 
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