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Simulation and Experiment on Ultrasonic Cutting Process
of Clustered Tomato Stems
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(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract; In order to reveal the mechanism and advantages of ultrasonic technology in cutting and
harvesting clustered tomatoes, the cutting force and removal characteristics of clustered tomato stem
materials in conventional cutting and ultrasonic cutting were compared. Firstly, the parameters of
clustered tomato fruit stalks and self-made ultrasonic cutting knife were measured, and then the fruit
stalks were fiberized based on Abaqus simulation. The stress and removal mechanism during conventional
cutting and ultrasonic cutting were compared in macro and micro simulation. Finally, the self-made test
bench was used to measure the cutting force by changing the excitation frequency, input voltage, cutting
speed and cutting angle of the ultrasonic cutting knife, and the Box — Behnken of response surface method
was used to analyze the four factors and three levels, and then the cross-section morphology of the fruit
stalk was observed. The results showed that within the working frequency (35 ~ 37 kHz) and voltage
(340 ~380 V) of the self-made ultrasonic scalpel, the cutting speed and angle had the most significant
influence on the cutting effect, and the cutting effect was the best when the excitation frequency and input
voltage were near a specific value. Under the conditions of 36 kHz, 360 V, 0. 125 c¢m/s, and 0°, the
ultrasonic cutting time in the simulation was about 8 s, and the average maximum cutting force was
0.635 N, which was 37.7% lower than that of the conventional cutting (1.019 N). In the experiment,

the ultrasonic cutting took about 5. 3 s, and the maximum cutting force required was 0. 543 N, which was
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46. 6% lower than that of the conventional maximum cutting force (1. 017 N) , and the surface roughness

was 20. 9% lower. The error between the experimental and finite element simulation results was 8. 9% ,

which was basically consistent. Ultrasonic cutting can reduce the cutting force, shorten the cutting time,

improve the section quality, reduce the damage of fruit stem tissue and water loss, which was of certain

significance to prolong the fruit preservation time.

Key words: clusters of tomato stems; ultrasonic vibration cutting; finite element; removal mechanism
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Tab.1 Swept test results

HUE/YV RIS kHe || B R/V S R [/ kHz
240 35.9~36.8 340 34.0 ~40.2
260 35.9~37.1 360 33.9 ~43.5
280 35.4~38.1 380 33.5~48.9
300 34.9 ~38.7 400 35.1~37.3
320 34.3~39.5 420 35.6~36.9
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Tab.2 Ultrasonic tool parts, material properties

and element types
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Fig.4 Macro-simulation results of conventional cutting
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Tab.3 Factors and levels of test

il 5 AR 2 9K 5l v I sl IR D/
A/kHz B/V c/(°) (em-s™")
-1 35 340 0 0.125
0 36 360 15 0. 250
1 37 380 30 0.375

x4 MEERERITSER

Tab.4 Design and results of response surface

experiment
¥ 5 BX Y/N
A/kHz B/V c/(°) D/(em-s™ ")
1 35 360 0 0.250 0.718
2 35 360 30 0.250 0. 628
3 36 340 15 0.125 0.520
4 36 360 15 0.250 0.583
5 36 380 15 0.125 0.518
6 36 380 15 0.375 0. 671
7 37 340 15 0.250 0. 704
8 35 380 15 0.250 0. 696
9 36 360 0 0.375 0. 699
10 36 340 30 0.250 0.578
11 37 360 0 0.250 0. 741
12 36 380 30 0.250 0.571
13 37 360 30 0.250 0.612
14 36 360 30 0.375 0. 645
15 35 360 15 0.375 0.701
16 36 360 15 0.250 0.583
17 36 360 0 0.125 0.543
18 36 380 0 0.250 0. 607
19 36 360 30 0.125 0.451
20 36 340 15 0.375 0.676
21 37 380 15 0.250 0. 698
22 35 360 15 0.125 0.483
23 36 360 15 0.250 0.583
24 36 360 15 0.250 0.583
25 37 360 15 0.375 0. 699
26 36 340 0 0.250 0. 640
27 36 360 15 0.250 0.583
28 37 360 15 0.125 0.477
29 35 340 15 0.250 0.728
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Tab.5 Analysis of variance
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A 0.000 1 1 0.0001  0.0349  0.8545
B 0.0003 1 0.0003 0.269 0.612 1
C 0.0129 1 0.0129 11.22 0.004 8
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