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Abstract

The molecular dynamics model of cutting Ni-Fe-Cr-Co-Cu system nickel-based alloy with silicon
carbide toughened alumina ceramic tool is established. The Morse potential function between tool
and workpiece atoms is calculated and the simulation results are visualized analysis. The tool
wear in the process of cutting nickel-based alloy is analyzed from the atomic scale. It is found that
bond wear and diffusion wear often occur at the same time during cutting, and from the coordina-
tion number, temperature, atomic displacement and crystal order of the tool wear process for
in-depth analysis, which makes a more perfect micro-explanation for the tool wear mechanism
and helps to find a way to extend the service life of the tool.
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Figure 1. Silicon carbide toughened alumina
tool model
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Table 1. Workpiece element proportion and atomic number
F 1 ITHRREGIREFH

JLHR Ni Cr Fe Co Cu
JUE 53% 18.7% 27% 1% 0.3%
JE 15 46,852 18,658 25,072 880 245
@ Ni
@cr
(_ Fe
O Co
OCu 10nm
y

"5nm

Figure 2. Ni-Fe-Cr-Co-Cu series nickel-based
alloy workpiece model
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Figure 3. Cutting model
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Table 2. Related parameters of cutting process

= 2. YIRS ERXEH

KR EAM Morse Tersoff
TIRJET# 13,724
TR T % 91,707

IR 2nm

DI 50 m/s
T 293K

oy K 0.001 ps
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Table 3. Morse potential parameters
52 3. Morse 54

D(ev) a(1/R) ro(A&) o
Ni-C 1.004 1.988 2.620 2.271
Ni-Si 1.488 1.036 2.801 2.294
Fe-C 1.006 1.972 2.649 2.297
Fe-Si 1.483 1.021 2.836 2.321
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Continued

Cr-C 1.034 2.064 2618 2.282
Cr-Si 1.525 1.112 2.765 2.304
Co-C 0.636 2.499 2512 2.235
Co-Si 0.937 1.548 2.545 2.098
Cu-C 3.046 5.523 2.485 2.359
Cu-Si 4492 4572 2.366 2.214
Co-Al 0.212 1.804 2.412 2.428
Co-0 0.299 1.910 3.061 2.698
Cu-0 1.433 4934 2.988 2.848
Cu-Al 0.304 1.262 3.051 2.502
Ni-Al 0.337 1.292 3.004 2.467
Ni-O 0.475 1.398 3.238 2.742
Cr-Al 0.345 1.368 2.986 2.479
Cr-0 0.487 1.474 3.698 3.228
Fe-Al 0.336 1.276 3.039 2.496
Fe-O 0.473 1.382 3.275 2.774
Al-Si 1.193 0.908 3.058 2.295
Al-C 0.809 1.860 2.818 2.445
0-Si 0.765 1.409 3.236 2.744
0-C 1.140 1.965 3.070 2.717
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Figure 4. Cutting tool surface bonding
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Figure 5. After the tool surface bonding
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Figure 6. Tool atomic coordination number
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Figure 7. Tool temperature changes at different times
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Figure 8. Atomic displacement in the x direction
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Figure 9. Changes in crystal order at different cutting speeds
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