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Prediction of Cutting Forces and Processing Parameter Optimization in C60
Minimum Quantity Lubrication Milling of GH4169

PAN Zhirong' SUN Hao” YAO Bin' CAI Zhigin' LAN Qixin' ZHANG Jinhui'
1.School of Aerospace Engineering, Xiamen University, Xiamen, Fujian, 361005
2.AECC Harbin Dong’an Engine Co., L.td., Harbin, 150060
Abstract: Nickel-based superalloys were widely used in aerospace and other fields. However, signifi-
cant challenges were in machining, including severe tool wear, poor surface integrity, and low processing
efficiency, which could not be effectively mitigated by conventional lubrication techniques. To address
these issues, C60 nanofluid cutting fluid was introduced to enhance lubrication at the tool-workpiece inter-
faces, thereby reducing friction and suppressing heat accumulation. A novel cutting force modeling ap-
proach was developed, incorporating the tribological properties and cooling effects of nanofluids. The
model integrated oblique cutting theory, mirror heat source method, and Johnson-Cook constitutive equa-
tion to calculate cutting forces. Experimental results demonstrate that the proposed model accurately quanti-
fies the synergistic effects of friction reduction and cooling enhancement under nanofluid lubrication, achiev-
ing an average prediction error of 6. 73% for cutting forces. Notably, the cutting force peak is reduced by
19.6% under nanofluid lubrication compared to conventional cutting fluids. Furthermore, a multi-
objective optimization strategy was proposed based on Pareto optimality and PSO. A comprehensive evalu-
ation system was established considering machining efficiency and cutting forces. Optimization results show
that the cutting force decreases by 5. 7%, while machining efficiency increases by 36. 33% after parameter
optimization.
Key words: C60; nanofluid; cutting force prediction; particle swarm optimization(PSO)
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Fig.1 Schematic diagram of overall end milling cutter
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Fig.2 Schematic diagram of undeformed chip thickness
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Fig.4 Schematic diagram of shear heat source
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Tab.1 Experimental parameters for milling nickel

based high-temperature alloys

Bewilin T 2% Bl
I3 v,/ (memin™) 40,60.80,100
A 4 L f,/mm 0.02,0.04,0.06,0.08
117 I @, /mm 0.1,0.2,0.3,0.4
B PK a,/mm 1.2,3.4
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Tab.2 Physical parameters of nickel based high-
temperature alloy GH4169"*"

A/MPa 1290
B/MPa 895

C 0.016

m 1.55

n 0.526
HE/(geem™) 8.24
MER/(Wem™-K™") 11.4
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Fig.9 Cutting forces under different cutting parameters
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lubrication conditions
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Tab.3 Errors between measured and predicted

cutting temperatures

VI T S 0 /°C | TG R R /C 1R 22/ %
T 301.6 286.8 4.9
LA U HI 210.4 192.3 8.6
40 2K It A4 U 165.8 152.5 8.0
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Fig. 11 Cutting forces under different lubrication conditions
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Tab.4 Errors between measured and predicted cutting

DIy | SEE/N | BONE/N | B2/ %

E, 407.56 390.59 4.17

i F, 161.73 155.20 4.04
F, | —14571 | —126.91 | 12.89

E, 313.90 299.30 4.65

FE Rt DT F, 146.82 138.23 5.39
F, —87.62 | —80.85 7.72

E, 255.26 241.42 5.42

GURGARDIEI | F, 131.01 122.71 6.34
EF, —68.67 | —61.83 9.96

FHI 6.73
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Tab.5 The selected Pareto optimal solution

" N Be) | A2 | DIE]
Y1) 33 5 . Y Ryx
| PRI BEE |y vy | 60y |, Rl
(memin™) | % #/mm (mm’emin™)
mm | mm N
1 100 0.071 0.15 | 3.43 |260.65 581.4
2 100 0.058 0.23 | 2.84 |273.65 602.98
3 100 0.065 0.19 | 3.15 |280.64 622.03
4 96.06 0.070 0.22 | 2.78 |288.52 654.55
5 96.63 0.071 0.28 | 2.18 |290.63 666.5
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Tab.6 Optimization results of cutting parameters

YIKIG 71/N Ryre/ (mm?emin™)
P A i 295.02 458.38
A= 278.2 624.92
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