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[ABSTRACT] In order to solve the problem of parameter optimization of minimum quantity lubrication (MQL) system
in titanium alloy milling, Taguchi method was used. With air flow rate, cutting fluid usage and cutting fluid concentration as
variables, surface roughness R, and cutting force as evaluation indexes, the MQL milling test of titanium alloy was carried
out. Multi-objective optimization of minimum quantity lubrication system parameters was carried out using grey relation
analysis and principal component analysis method. By analyzing the influence of various factors on grey relation grade,
the optimal combination of system parameters was determined to be air flow rate of 90L/min, cutting fluid usage
of 15mL/h and cutting fluid concentration of 70%. The optimized process parameters can effectively improve the surface
quality of the workpiece and reduce the cutting force, which provides a reference for the reasonable selection of parameters
of MQL system.
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Table 1 Chemical composition of TC4 (mass fraction) %
Ti Fe @© N H (6] Al A%
N < 0.30 < 0.1 < 0.05 =< 0.015 < 0.20 5.5~6.8 3.5~4.5
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Table 2 Mechanical properties of TC4
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Fig.1 Schematic diagram of milling
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Table 3 Machining parameters
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Fig.2 Experimental equipment and setup of experimental site
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Table 4 Taguchi experiment factors and levels
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Table S Taguchi experimental results

=
¥ ok 2SI VIHI
Al% B/ (L - min") ¢/ (mL-h")
1 10 40 15
2 30 60 30
3 50 90 60
4 70 110 90
RS
"
PIHIR & 4 ik B PIBINGE A it C
1 1 1 1
2 1 2 2
3 1 3 3
4 1 4 4
5 2 1 2
6 2 2 1
7 2 3 4
8 2 4 3
9 3 1 3
10 3 2 4
11 3 3 1
12 3 4 2
13 4 1 4
14 4 2 3
15 4 3 2
16 4 4 1
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- I FIN RIVHEE L R/um

R
1 322.38 0.43
2 309.14 0.42
3 306.43 0.39
4 305.60 0.40
3 343.64 0.41
4 326.15 0.38
1 318.13 0.39
2 317.96 0.40
4 342.58 0.38
3 349.29 0.36
2 338.29 0.33
1 340.01 0.35
2 369.60 0.36
1 355.90 0.31
4 350.49 0.29
3 343.03 0.30
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Table 6 Data processing results of experimental indicators

Tk 40 b TRAE eI B
P EE— RO TRAD IR Hedk
KB R, A F KBS R, A F
1 0 0.7378 0.3330 0.6560 0.4067 15
2 0.0714 0.9447 0.3500 0.9004 0.4752 11
3 0.2857 0.9870 04118 0.9747 0.5398 5
4 0.2143 1 0.3889 1 0.5279 6
5 0.1429 0.4056 0.3684 0.4569 0.3885 16
6 0.3571 0.6789 0.4375 0.6089 0.4765 10
7 0.2857 0.8042 0.4118 0.7186 0.4816 9
8 0.2143 0.8069 0.3889 0.7214 0.4645 12
9 0.3571 0.4222 0.4375 0.4639 0.4435 14
10 0.5 0.3173 0.5000 0.4228 0.4824 8
11 0.7143 0.4892 0.6364 0.4947 0.6041 4
12 0.5714 0.4623 0.5385 0.4819 0.5256 7
13 0.5 0 0.5000 0.3333 0.4621 13
14 0.8571 0.2141 0.77778 0.3888 0.6893 3
15 1.0000 0.2986 1.0000 0.4162 0.8672 1
16 0.9286 0.4152 0.8750 0.4609 0.7808 2
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Table 7 Principal component characteristic
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Table 8 Mean response of grey relation grade

KF VIR EE 4 2 i B VNI H & C RE
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1 R, | sas s 2 0.4528 0.5309 0.5641 0.5015
3 0.5139 0.6232* 0.5343 0.5479
W2 F4 F 0.455 22.75 4 0.6998* 0.5747 0.4885 0.5788
R 0.2471 0.1980 0.0785 0.0773
FRTRE /% 100 HeRk 1 2 3 4
T AR SHOKF
R REBXBREHFENTER
Table 9 Analysis of variance of grey relational grade
SN (PS8 il F H Y52 F{g F Il FHE T TR /%
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Fig.3 Signal-to-noise ratio mean response of gray relation coefficient of surface roughness
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Fig.4 Signal-to-noise ratio mean response of gray relation coefficient of cutting force

20214E 55 644 55610 - RLATRIEEIA 79




‘_‘i.‘ »
Br%tex RESEARCH

W L 2441
|

=
=

f

KF=1 KF=2 JKF=3 JKF—4
() VYA B

SR L (E
|

H

6L \\

-8 L L L J
KP=1 AKF=2 KF=3 K4

1

(c) VIHIH ]

M b 24741
|

5

K1 K2 K3 K4

(b)Zi

%

el

-3 r

g—_

-7F

M58 L A5 (B

f&

’ 7J<»?'71 7@;,2 7J<if3 7J(—T|I7—74

(d)iR%E

B5 Ikt KEREREMERLL I EN R E

Fig.5 Signal-to-noise ratio mean response of gray relation grade
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