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ABSTRACT: The work aims to study the effects of three different types of micro-textures on cutting performance of titanium
alloy (TC4). Based on the finite element analysis software, the semicircular concave micro-texture, semicircular convex

micro-texture and trapezoidal groove micro-texture were designed on the rake face of cemented carbide tool. The effects of
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micro-texture tool on radial thrust force, cutting temperature and friction force were studied by changing the micro-texture
parameters, such as diameter or width, micro-texture spacing and covering length. Under the best micro-texture parameters, the
radial thrust force of the semicircular concave micro-texture tool, semicircular convex micro-texture tool, and trapezoidal groove
micro-texture tool was respectively reduced by 14.0%, 13.9%, and 18.6%. However, when the diameter of convex micro-texture
was larger than 8 um, the radial thrust force was greater than that of non-textured tool. The cutting temperature of three
micro-texture tools was respectively reduced by 5.9%, 10.7% and 9.6%. The friction force of the three micro-texture tools was
respectively reduced by 23.0%, 27.7% and 21.9%. Reasonable surface texture can improve the cutting performance of the tool.
Trapezoidal groove micro-texture tool has the best effect of reducing radial thrust force. The semicircular convex micro-texture
tool has the best effect of reducing cutting temperature and friction. With the increase of micro-texture diameter and spacing, the
cutting performance of tools decreases firstly and then increases. And there are optimal texture parameters. In the range of the
tool-chip contact length, the longer the textured covering length, the better the antifriction capability of micro-texture tool.

KEY WORDS: micro-texture; finite element simulation; titanium alloy; radial thrust force; cutting temperature; frictional
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Fig.1 Dimensions of the tool
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Tab.1 Physical and mechanical properties of hard alloy tool

Material property Numerical value
Young's modulus/GPa 640
Poisson's ratio 0.22
Linear expansivity/(m-m '-"C ") 4.5x107°
Specific heat/(J-kg '-C ") 220
Thermal conductivity/(W-m "K ") 75.4

* 2 I#(TC4)H Johnson-Cook Z<#g#& B 5%
Tab.2 Parameter s of Johnson-Cook constitutive
model of workpiece TC4

A/MPa  B/MPa C n m
875 793 0.01

T.JK TyC
038 071 1560 20

%3 I #(TC4A)H Johnson-Cook BIfJ] sk s#& R 48]
Tab.3 Parameters of Johnson-Cook shear failure model
of workpiece TC4
dl d2 d} d4 d5
-0.09 0.25 -0.5 0.014 3.87
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Fig.3 Structure and mesh division of micro-texture tool: a) non-textured; b) semicircular concave micro-texture;
¢) semicircular convex micro-texture; d) trapezoidal groove micro-texture
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Tab.4 Tool parameters of simulation model

Structure dimension of
Number

Number . cutting tool/um

of of tools Micro-texture PT—

models width Spacing Length
0 TO TO 0 0 0
1 Bl. Cl, DI TI1, T2, T3 4 20 300
2 B2, C2, D2 TI1, T2, T3 6 20 300
3 B3. C3, D3 TI1, T2, T3 8 20 300
4 B4, C4, D4 TI1, T2, T3 10 20 300
5 B5. C5. D5 TI1, T2, T3 12 20 300
6 B6. C5. D5 TI1, T2, T3 8 10 300
7 B7. C7. D7 TI1, T2, T3 8 15 300
8 B8. C8, D8 TI1, T2, T3 8 25 300
9 B9, C9, D9 TI1, T2, T3 8 30 300
10 B10.C10.D10 T1. T2, T3 8 20 100
11  BI11.C11.DI11 T1, T2, T3 8 20 200
12 B12.C12.DI2 T1, T2, T3 8 20 400
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Fig.4 Schematic diagram of cutting force
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Fig.5 Forces curve with time: a) main cutting forces; b) radial thrust forces



. 342 - *x mW H R 2022 42 H
60
60 58.6
[N TO [N T 8.1
[ TO Il T1
[ T2 T3 56.1 366 [ T2 T3
55F 55 54.0 s3gl 544
53.1 2152‘853.1 531578 523 53.0
= 513 3L W45 513
% 50 49 é 50 48.8
= 474 478 481 474
45.645.7
i 448 45
» 432 43.5 435
40 — — — — — 40 m u » m r
Type T1|T2/T3| [T1T2T3| |T1T2(T3| [T1|T2/T3| [T1{T2T3 Type T1T2(T3| |T1T2|T3| [T1T2(T3| |TLT2(T3| [T1T2(T3
Dium 4 6 8 10 12 dum 0] [ 10 15 20 25 30
a HAR/FEE b [EEE
60
[N TO I T1
N T2 T3
55F

53.1
524 519 516

T1|T2|T3

T1|T2|T3

T1|T2|T3| |T1|T2|T3

Lum [0] [ 100

200 300 400

& 6

c HEKE
T 1) 115 LA SRR H

Fig.6 Comparison of simulation results of radial thrust forces: a) diameter/width; b) spacing; c) length
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Fig.7 Cloud image of tool temperature distribution
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Fig.8 Comparison of cutting temperature simulation results: a) diameter/width; b) spacing; c) length
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