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Fig.1 Nano-cutting model of y-TiAl alloy
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Table 1 Simulated cutting parameters

Cutting tool material
Workpiece dimensions,

Single crystal diamond

L5yl 100%70>2

Tool edge radius, r/nm 2
Cutting depth, D/nm 30
Rake angle, a/(9 15
Back angle, p/(9 8
Cutting speed/m s 100

Cutting direction [100]

Time step/ps 0.001

Temperature/K 1
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Fig.2 Crack formation in y-TiAl alloy during cutting process (30 ps)
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Fig.3 Crack formation in y-TiAl alloy during cutting process (58 ps)
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Fig.4 Crack formation in y-TiAl alloy during cutting process (65 ps)
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Fig.5 Crack formation in y-TiAl alloy during cutting process (130 ps)
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Fig.6 Crack formation in y-TiAl alloy during cutting process (150 ps)
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Table 2 Cluster analysis of the cluster centroid position and

number
Centroid .
Cluster Point  power/Normalized f Centroid
Units requency/GHz
A 745 1.9110x10° 0.1393x10"
B 66 2.0492x10° 0.5429x10"
16 2.0811x10° 0.9906x10"
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Acoustic Emission Response to Nano-Cutting Process of Monocrystal y-TiAl Alloy via
Atomistic Simulation

Yao Yongjun®, Feng Ruicheng®?, Zhang Jun?, Cao Hui'?, Li Haiyan'?, Lei Chunli?
(1. School of Mechanical and Electronical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. Key Laboratory of Digital Manufacturing Technology and Application, Ministry of Education, Lanzhou University of Technology,
Lanzhou 730050, China)

Abstract: In this paper, the acoustic emission (AE) response of monocrystal y-TiAl alloy during nano-cutting process was studied by
molecular dynamics method. The mechanism of crack formation in the cutting process of monocrystal y-TiAl alloy was described at the
atomic scale. It is found that periodic shear bands are formed in the shear zone with the continuous increase of cutting force at the
beginning of cutting. At the same time, under the combined action of high pressure stress and elastic stress wave, the formation of the
amorphous atomic band in the grain-like grain boundary blocks the continuous emission of the shear band, so that the stress in the main
shear zone can not be released through the shear band in time, resulting in local stress concentration, which leads to the initiation and
propagation of cracks. By analyzing the collected acoustic emission signal, it is found that the compressive stress contributes to the
decrease of acoustic emission power in cutting process. In the time domain, the acoustic emission response characteristics of lattice
vibration, shear band and crack initiation and propagation in nano-cutting process were described by analyzing the microdefect evolution
and AE power-frequency comparison. At the same time, the power and frequency characteristics of damage were obtained by clustering
analysis.

Key words: nano cutting; acoustic emission; monocrystal y-TiAl alloy; molecular dynamics
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