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Ultrasonic Assisted Cutting Simulation and Validation Experimental
Research Based on River Ice Mesostructure

DONG Guojun” LAIRuida DAI Yong GUO Zhiging WU Mengwei
School of Mechatronics Engineering, Harbin Institute of Technology, Harbin, 150001

Abstract: Taking the Songhua River ices as the research objects, starting with the study of the meso-
structure of river ices and combined with ultrasonic assisted cutting validation experiments, the effective-
ness of ultrasonic-assisted ice cutting and the feasibility of improving production efficiency were analyzed.
The simulation results indicate that ultrasonic assisted cutting may reduce the cutting force by approxi-
mately 38% when applied to the complex crystalline structure of natural river ices. Validation experiments
demonstrates that this method enhances the feed rate and maintains the cutting quality of the ices, effec-
tively preventing edge collapse and crack formation. In comparison to traditional cutting techniques, there
is a significant improvement in both production quality and efficiency for river ices, thereby confirming the
feasibility of employing ultrasonic assisted cutting for large-scale preparation of standard ice blocks.
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Fig.1 Ice mining in Songhua River
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Fig.2 River ice cutting and layering
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Fig.3 Making river ice observation slices
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Fig.4 Observation equipment for river ice

microstructure
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Fig.5 Observation results of microscopic structure

of river ice
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Fig.6 Crystal structure of river ice horizontal slices
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Fig.7 Vertical slicing crystal structure of river ice
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Fig.8 Decomposition of river ice cutting motion
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Fig.9 Sawtooth parameters and modeling diagram
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Fig.10 Simulation settings for single sawtooth cutting

of river ice
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Fig.11 Comparison of ultrasonic assisted cutting

force in river ice

Hil 2 52 FAL DN 0 5 K e e . AT )
HL N 5 1 V) 3 i SRS BOUT I T A L A B )
HF TR T RONR Bl A B T 4 5 S
F19 L 2 2 fih o (] I BE 5 5 B 35 59 73 A5 VT Iy s 20
T UK AR B IS ) A v RN L AT A AR DT
AR TN AS . VIHI A7 04 5 A2 S T KR R B

301
e
Z25' N S T
= 20F
D e e s s s
= 15}
=
2 10177
H_
S5k
0
1 2 3 4

2H R
E12 BEBEAMKEHYIE AL
Fig.12 Comparison of average cutting force of river ice

with and without ultrasound
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Fig.16 Surface quality for river ice cutting
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