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ABSTRACT: This paper aims to reduce the milling force and milling heat in order to reduce the deformation of the 7075-T651
aluminum alloy workpiece and improve the metal removal rate. In this paper, a method for simultaneous optimization of two

kinds of parameters (milling parameters and tool geometric parameters: rotation speed, feed rate, radial depth of cut, axial depth
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of cut, rake angle and clearance angle) was proposed, which could achieve multiple objectives (milling force, tool milling
temperature and metal removal rate). Based on the partial least squares regression model and the finite element simulation
results of milling 7075-T651 aluminum alloy workpiece, the functional relationship model between milling force and tool
milling temperature and metal removal rate of two types of parameters were established, and 8 typical multi-objective
optimization algorithms were used to solve the above models. By visualizing the Pareto front surface and HV performance
index, the optimal solution algorithm that can solve the problems in this paper was screened. The optimal solution values of
milling parameters and tool geometric parameters were obtained, such as rotational speed 5 966.30 r/min, feed 0.08 mm/z, radial
cutting depth 4.53 mm, axial cutting depth 4.99 mm and rake angle 17.95°, clearance angle 2.00° for tool geometric parameters.
At this time, the corresponding milling force is 232.12 N, tool milling temperature 3 is 22.56 “C, and the metal removal rate is
33.08 mm*/min). The optimization results can achieve comprehensive control objectives such as lower milling force and milling
temperature and higher metal removal rate, and have practical application value in reducing workpiece deformation and
improving machining efficiency during milling of 7075-T651 aluminum alloy workpiece.

KEY WORDS: milling parameters; tool geometric parameters; milling force; milling temperature; multi-objective optimization
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Fig.1 Schematic diagram of two-dimensional milling
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Tab.1 Parameters of the 7075-T651J-C constitutive model

A/MPa B/MPa n C m
435 278.94 0.34 0.019 0.96

Fz 2 7075-T651 J-C GRS
Tab.2 Parameters of the 7075-T651 J-C damage model

d, d, d; dy ds
0.059 0.246 -2.41 0.1 0.147

%* 3 T7075-T651 hZ MRS HMRNESH
Tab.3 Mechanical property parameters and thermodynamic parameters of 7075-T651

Parameter Density/(g-cm™) Conductivity/(J-m™"-K™") Expansion factor/(um-m™-K™") Poisson ratio Elasticity modulus/GPa

Value 2.82 157

23.6 0.33 71.7
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Tab.4 Orthogonal experimental design

Level Rotatior} sgeed Feed raEIe Radial depth of  Axial depth of Tool rake Tool clearance
/(r'min") /(mm-z ) cut/mm cut/mm angle/(°) angle/(°)

1 2500 0.01 1 1 2 2

2 3500 0.04 2 2 6 7

3 4500 0.07 3 3 10 12

4 5500 0.1 4 4 14 17

5 6 500 0.13 5 5 18 22

*5 25 HEZHFIFFEE
Tab.5 25 groups of orthogonal arrangement and simulation data values
Rotation Feed rate Radial depth Axial depth Tool rake Tool clearance F, simulation F, simulation F simula- 6 simulation

speed/(r'min”") /(mm-z') ofcut/mm of cut/mm angle/(°)  angle/(°) /N /N tion/N /C
1 2 500 0.01 1 1 2 2 14 23 26.93 107
2 2500 0.04 2 2 6 7 94 72 118.28 166
3 2500 0.07 3 3 10 12 248 131 280.47 202
4 2500 0.1 4 4 14 17 481 205 522.86 241
5 2500 0.13 5 5 18 22 792 264 834.84 258
6 3500 0.01 2 3 14 22 51 49 70.72 130
7 3500 0.04 3 4 18 2 206 127 242.00 198
8 3500 0.07 4 5 2 7 517 311 603.33 271
9 3500 0.1 5 1 6 12 139 69 155.18 286
10 3500 0.13 1 2 10 17 142 90 168.12 243
11 4500 0.01 3 5 6 17 107 106 150.62 166
12 4500 0.04 4 1 10 22 66 38 76.16 230
13 4500 0.07 5 2 14 2 193 91 213.38 270
14 4500 0.1 1 3 18 7 189 117 222.28 236
15 4500 0.13 2 4 2 12 434 296 525.33 322
16 5500 0.01 4 2 18 12 53 37 64.64 171
17 5500 0.04 5 3 2 17 219 140 259.92 292
18 5500 0.07 1 4 6 22 196 153 248.65 256
19 5500 0.1 2 5 10 2 408 259 483.26 303
20 5500 0.13 3 1 14 7 126 55 137.48 325
21 6 500 0.01 5 4 10 7 102 83 131.50 202
22 6 500 0.04 1 5 14 12 174 146 227.14 235
23 6 500 0.07 2 1 18 17 65 37 74.79 274
24 6 500 0.1 3 2 2 22 231 138 269.08 338
25 6 500 0.13 4 3 6 2 439 201 482.83 376
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Tab.6 Contributions of six factorsto F,

Factors SS Degree MS F Contribution rate
Rotation speed 117 356 4 29 339 879.59 0.072 3
Feed rate 607 314 4 151 829 4 551.85 0.3743
Radial depth of cut 194 760 4 48 690 1459.74 0.120 4
Axial depth of cut 599 500 4 149 875 4493.28 0.369 5
Tool rake angle 65 968 4 16 492 494.43 0.040 6
Tool clearance angle 36 431 4 9108 273.05 0.022 4
Error 834 33 0.000 5

RT 6NSHX FHTTEKE
Tab.7 Contributions of six factorsto F,

Factors SS Degree MS F Contribution rate
Rotation speed 1761 4 440.2 29.51 0.005 1
Feed rate 91 883 4 22 970.9 1 540.15 0.2753
Radial depth of cut 18 183 4 4 545.7 304.78 0.054 3
Axial depth of cut 183 565 4 45891.3 307691 0.5513
Tool rake angle 34 816 4 8 704.0 583.59 0.104 2
Tool clearance angle 2 969 4 742.4 49.77 0.008 7
Error 373 14.9 0.001 1

&8 6NSH TR

Tab.8 Contributions of six factorsto @

Factors SS Degree MS F Contribution rate
Rotation speed 51818 4 12 954.5 739.66 0.2452
Feed rate 135017 4 33 754.2 1927.26 0.639°5
Radial depth of cut 13 538 4 3384.5 193.25 0.065 8
Axial depth of cut 437 4 109.3 6.24 0.001 7
Tool rake angle 8930 4 22325 127.47 0.042 0
Tool clearance angle 844 4 211.0 12.05 0.003 7

Error 438 17.5 0.002 1
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_ 2.540 05 —0.00625 0.68692  0.46795 = 0.98384 —-0.0411 10.01329
F, = (39005 ;7 000625 055652 046795 09838 5 00811 001329 (1)

225512 0.00542 042538  0.16215  0.97714 _—0.18265 -0.02198
F, =10 n f a, a, a p (11)

_ 2.79811 _—0.05447 ,0.59385 0.3633 _ 0.96557 _—0.09367 1—0.009 36
F=10 n f a,a, a p (12)

1113604 042171 £026547 _ 0.1418  0.03620 _0.04135 £0.008 39
=10 n f a, a, o s (13)
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Tab.9 Predicted values of 25 groups of functions

F, predicted F, predicted F predicted 0 predicted

F, predicted F, predicted F predicted 6 predicted
Number > P N »P N P N P C Number N N N C

1 13.70 22.97 24.79 106.69 14 181.70 116.92 219.01 241.89
2 94.37 72.63 126.50 168.41 15 440.29 286.03 531.29 318.05
3 246.27 131.67 286.71 206.55 16 48.25 36.59 61.43 172.13
4 473.37 198.47 501.60 236.38 17 227.44 150.75 274.87 286.11
5 778.34 271.75 768.30 261.54 18 200.23 158.77 253.75 255.67
6 53.10 50.09 73.71 132.89 19 418.02 246.92 487.87 299.97
7 211.66 128.66 256.55 199.33 20 124.57 55.97 133.74 320.27
8 492.99 309.11 598.07 268.74 21 107.63 84.22 136.90 199.39
9 138.17 62.58 152.11 276.14 22 162.50 135.23 207.83 229.00
10 151.59 95.91 183.81 237.28 23 67.38 37.76 76.71 274.47
11 109.32 103.60 149.71 164.74 24 226.05 137.22 262.91 359.65
12 65.38 36.79 76.11 229.51 25 427.30 206.05 465.53 381.73
13 201.39 94.44 222.69 272.39

# 10 8 HIKXWIIEE
Tab.10 Validation values of 8 groups of experiments

Rotation speed Feed Rate Radial depth Axial depth F, measured F)measured 6 measured F, predicted F, predicted 6 predicted

/rmin™")  Amm'z") ofcut/mm of cut/mm /N /N /C /N /N /C
1 2500 0.03 2 2 71.23 57.89 93.26 74.94 53.94 97.54
2 2500 0.05 3 3 193.16 111.42 231.58 191.75 106.39 226.42
3 3000 0.05 4 1 76.28 37.52 85.34 74.35 38.14 86.16
4 3000 0.07 3 2 163.71 95.68 193.69 161.95 82.68 185.08
5 3500 0.01 3 4 75.92 80.64 115.27 84.06 71.19 112.85
6 3500 0.03 4 3 171.6 96.25 179.13 154.14 89.86 182.22
7 4000 0.03 3 1 52.38 34.29 58.97 45.67 29.34 56.41
8 4000 0.05 2 4 205.63 145.87 254.62 209.89 132.29 251.45
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Fig.5 Comparison of 8 groups of measured data and
functional prediction data:
a) milling force comparison; b) tool milling
temperature comparison
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Fig.6 Pareto front surface of eight algorithms
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Fig.7 Running time of the algorithm
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Fig.8 HV index values: a) HV best; b) HV average
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Tab.11 optimization results

Rotation speed Feed rate Radial depth Axial depth of Tool rake Tool clearance F, predicted 6 predicted Q predicted

/(r-min’l) /(mm-z‘l) of cut/mm cut/mm angle/(°) angle/(°) /N /C /(mm3~min’1)
1 2 500 0.01 1 1 18 2 15.38 97.42 0.08
2 2 500.35 0.01 1.00 1.00 18.00 18.24 14.65 99.25 0.08
3 6 475.58 0.13 4.98 5.00 17.71 2.00 288.29 382.82 62.74
4 6 500.00 0.13 5.00 4.71 17.22 21.55 259.27 390.48 59.33
5 5714.87 0.07 4.89 4.71 17.86 3.18 209.81 311.50 28.88
6 5966.30 0.08 4.53 4.99 17.95 2.00 232.12 322.56 33.08
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