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Abstract; In order to improve the surface quality of GH4169 alloy during the milling process, the
graphene nanoparticle was added to the vegetable-oil-based cutting fluid to enhance the cooling
and lubrication performances based on MQL ( minimum quantity lubrication). The effects of the
graphene nanoparticle concentration, cutting fluid flow rate and gas pressure on the surface
roughness were studied by the range analysis and variance analysis based on the orthogonal
experimental scheme. Besides, the optimal parameter combination was obtained. The results
showed that the effect of the graphene nanoparticle concentration on the surface roughness is the
most significant, followed by the cutting fluid flow rate, and finally the gas pressure. Meanwhile,
the optimal surface roughness is 0. 406 wm, and the optimal parameter combination is graphene
nanoparticle concentration 0. 1% , cutting fluid flow rate 60 mL/h, and gas pressure 0. 6 MPa. It
could be concluded that appropriate MQL parameters can significantly improve the cooling and
lubrication state in the cutting zone during the MQL milling of GH4169 alloy, thereby improving
the surface quality and reducing the surface roughness.

Key words: graphene nanoparticle; MQL ( minimum quantity lubrication ) ; GH4169 alloy;
milling machining ; surface quality; parameter optimization
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Fig. 1 Structure and SEM microscopic characterization
of the few-layer graphene
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Table 1 Property parameters of the graphene
ZH 18
JEH 1~5
FE¥HAZ/ wm 10
JZEE/nm <5

A (m?-g™") 360 ~ 450

AMFFE LIS TR BHE: GH4169 & il Bt
G4, HAb2z i o (R 80 FE AL Ni
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(52.30% ), Cr(18.90% ), Nb (5.30% ), Mo(3.08% ),
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Table 2 Property parameters of the GH4169 alloy

ZH i1
Prhise i/ MPa 1390
JiE IR/ MPa 1100

FEAAE /% 14.6
THFA L 0.3

AR I/ GPa 199.9
fifi B/ HV 431
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Fig. 2 Experimental equipment
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Table 3 Control factors and levels of the orthogonal

experiment
K-
St ESES
1 2 3 4
w/% 0.05 0.1 0.15 0.2
0/(mL-h7") 30 60 90 120
p/MPa 0.4 0.5 0.6 0.7

x4 FEMBHINMISH

Table 4 Main milling parameters

ZH 18
BeHl =X i
FHhEEH N/ (r-min ") 1991
LB f.(mm/z) 0.05
ZYIR a,/mm 0.4
LI ERZIP a,/mm 0.6
MQL {8 3 6/(°) 45
MQL Bi¥EFE B L/mm 30
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Table 5 Experiment arrangements and results

MQL Z:%{ R
R e R w 0 P -
%  mL-h~' MPa wm
1 0.05 30 0.4 0.619
2 0.05 60 0.5 0.527
3 0.05 90 0.6 0.531
4 0.05 120 0.7 0.613
5 0.10 30 0.5 0. 461
6 0.10 60 0.4 0.485
7 0.10 90 0.7 0. 457
8 0. 10 120 0.6 0. 476
9 0.15 30 0.6 0. 469
10 0.15 60 0.7 0. 465
11 0.15 90 0.4 0.525
12 0.15 120 0.5 0.517
13 0.20 30 0.7 0.498
14 0.20 60 0.6 0. 462
15 0.20 90 0.5 0.536
16 0.20 120 0.4 0. 627
0.7
0.6 |
4
0.5}
0-4 I1 i I3 tl‘r g I6 % 2I3 I9 1I0 1I1 1I2 1I3 1I4 1I5 1I6
B
B3 REHER
Fig. 3 Experiment results
*6 WMESWR
Table 6 Range analysis table
K ML S5
w Y p
1 0.573 0.512 0.564
2 0.470 0. 485 0.510
3 0.494 0.512 0. 485
4 0.531 0.558 0.508
&= 0. 103 0.073 0. 080
HEF 1 3 2

w 3 0.0241 0.0080 33.55 0.000 47.98%
Q0 3 0.0112 0.0037 15.53 0.003 22.21%
p 3 0.0135 0.0045 18.84 0.002 26.95%
"% 6 0.0014 0.0002
Bl 15 0.0503
0.58
—h— W
0.56 —=—0
—e—p
0.54 +
£
2052
4]
0.50 +
0.48
0.46 : : : :
1 2 3 4
SHKF

B4 MQL SHmRImE
Fig. 4 Effect diagram of the MQL parameters
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Fig. 5 Results of the verification experiment
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