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ARTICLE INFO ABSTRACT
Article history: This study aimed to design and verify ultrasonic knife modules, which have
Received 15 September 2023 experienced a recent surge in demand. To this end, ultrasonic transducers and
Revised =29 September 2023 horns with longitudinal vibration characteristics of 40 kHz grounded in
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theoretical equations were designed. Subsequently, tensile experiments on
materials were conducted and applied for precise wavelength analysis. Modal
Keywor ds and harmonic response analysis using CAE was performed to predict vibration
Ultrasonic _ characteristics and natural frequencies for the designed ultrasonic knife. As a
Transducer design result of the analysis, the study revealed that the knife had an intrinsic
Yy y
CAE frequency characteristic of about 38.1 kHz and vibrated in the axial direction.
Cutting An ultrasonic knife, stemming from these findings, was manufactured and
confirmed to achieve equivalent performance to the design, through resonance
frequency analysis and vibration mode analysis.
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Fig. 3 Result of tensile test
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Table 1 Material properties of transducer parts

Part Piezo | Front mass Back mass | Electrodes
Materials | PIC 181 | Ti-6Al-4V |Low carbon steel| Copper
Young’s
modulus 70.4 113.683 179.18 115

(Gpa)

Densi
(ke/m g) 7800 4418 7723 8900
Pofast‘;“’s 0.31 0.342 0.3 0.31

Wave
velocity 3005 5027 4816 3595

(m/s)
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Table 2 Specific parameter of PIC181

Inner dia.(mm) 10

Outer dia.(mm) 25

Thickness (mm) 4
Dielectric loss factor (Tan6) 0.003
Relative permittivity (s15/c,) 1200
Mechanical quality factor (@,,) 2000
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Table 3 Result of mesh

Mesh type Sweep method
. Electrode 0.5
Mesh size (mm)
Others 1.0
Nodes (ea) 374842
Elements (ea) 91271

J: 40khz L}O| = pi
Total Deforration
Type: Total Deformation
Frequency: 38129 Hz
Unit: mrm

391.32 Max
347.84
304.36
260.88
2174
17392
13044
86.961
4348

0 Min

(a) Result of modal analysis

Phase Angle(® )

Frequency(Hz)
(b) Harmonic response with frequency

Fig. 5 Result of analysis
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| Ultrasonic Knife Module |
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Fig. 6 Measurement of admittance for transducer
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,‘ High-Speed Camera

Fig. 8 Measurement system

Table 4 Specification for high-speed camera

1,696 (H) x 1,710 (V) pixel
active area 19.27 mm (diagonal)
13.57 (H) x 13.68 (V) mm

Micro lenses 8 x 8 um
200,000 fps
2 us

CMOS sensor

Pixel size

Image speed
Shutter

(a) Maximum point

(b) Minimum point

Fig. 9 Measurement result of admittance
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