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Fig.1 Molecular dynamics simulation model of the

nanomachining of monocrystalline nickel
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Table 1  Molecular dynamics simulation conditions of

nanomachining of monocrystalline nickel

Factor Workpiece Tool
. Monocrystalline Diamond
ngt:':go?;ﬁfn nickel Positive tria}ngular
21.2>24.7%10.6 pyramid
Atom number 508 740 35382
Initial temperature/K 293
Processing speed/m s 200
Depth of processing/nm 1
Depth of grind/nm 0~18
Time step/fs 1
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Fig.2 Surface topographies of the workpiece after repeated grinding: (a) first pass, (b) second pass, and (c) third pass
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Fig.3 \Variation of partial atom y coordinates during repeated

machining
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Fig.4 Coordinate changes of atom e
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Fig.5 Subsurface damage after three repeated processing: (a) first pass, (b) second pass, and (c) third pass
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Fig.7 Monocrystalline nickel experimental material
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Table 2 Design of experimental scheme

Crystal . Speed/ Scratch
Scratch No. olane Loading method Load, N um min length/um Remarks
1 (100) Constant 300 500
21 (100) Constant 300 500 .
22 (100) Constant 300 500 Repeated processing
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Fig.8 Indenter depth change in secondary repeating scratches
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Influence of Repeated Processing on Surface Morphology and Sub-surface Damage of
Monocrystalline Nickel

Ren Jie?, Hao Mingrui®, Liang Guoxing?, Lv Ming?

(1. Institute of modern Manufacturing, Department of Mechanical Engineering, Taiyuan Institute of Technology, Taiyuan 030008, China)
(2. Shanxi Key Laboratory of Precision Machining, College of Mechanical Engineering, Taiyuan University of Technology,
Taiyuan 030024, China)

(3. Taiyuan Research Institute, China Coal Technology and Engineering Group, Taiyuan 030006, China)

Abstract: The research on the surface morphology, sub-surface damage and tool force in the repeated nanofabrication of monocrystalline
nickel was conducted via molecular dynamics. And the conclusion of the theoretical analysis was properly verified by the nano-scratch
experiment. The coordinates of a series of atoms during processing was traced, and the formation of grooves on the surface and the reasons
for the changes during repeated processing were revealed. Through CAN analysis and DXA technology, it is concluded that in
monocrystalline nickel nano-processing, repeated processing once will improve the sub-surface quality of the workpiece, but there is
basically no difference between repeated processing twice. At the same time, the tangential force and the normal force of the tool in the
first machining are obviously larger, and the force of the tool is basically the same in the subsequent two repeated machining. The surface
roughness of the single crystal nickel after the nano-scratch experiment was detected by an atomic force microscope, and it is found that
repeated processing once would appropriately improve the surface quality of the processed workpiece.

Key words: monocrystalline nickel; molecular dynamics; nanofabrication; repeated; surface roughness
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