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Digital minimum quantity lubrication device with oil-water-air mixing
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Abstract: The accurate control of oil-water-air volume and its atomization effect by the minimum quantity
lubrication (MQL) device directly affect the cooling and cutting performance, thereby influencing the machining
quality of parts. To improve the auxiliary cutting effect of the MQL device, a digital MQL device with oil-water-
air mixing has been designed and developed to improve the continuity and uniformity of lubricant mist spray.
Based on MQL atomization technology, an experimental platform for the milling process has been constructed to
test its auxiliary cutting effect. The results show that the developed oil-water-air mixing digital MQL device
significantly improves the quality of oil mist and the auxiliary cutting effect.
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Fig. 1 The atomization circuit of new MQL device
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Fig.2 Y-type atomizing nozzle structure
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Table 1 Main parameters of Y-type atomizing nozzle
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Fig.3 Y-type atomizing nozzle
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Fig. 4 The structural of atomization tank Fig. 5 The top view of sealing cover for atomization tank
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Fig. 6 External mixing nozzle structure Fig.7 External mixing nozzle
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Table 2 Main parameters of external mixing nozzle mm
FHEHZH Bt FHEHZH Bt
KFLEHAZ D, 3.30 JKmE AR d, 2.50
SALERZED, 5.00 W AR d, 3.50
AR O B AR d 2.10
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Fig.8 Control system framework for a new MQL device

1.6 ANMZEREREIRIT

2 E R I i #5257 s AR R G B ol 585 AR O Ak BT AT AR AR A sl U T sl s
X U0 I DX A Ao 0 v 0 5 A AT AR IE 5 U P BE 2 T2 BE T M i 2 R, B /R HMT S T
A2 B RN B el T T A B R 1R 9 S AR 3 R A S

P |

B9 EMORERE

Fig. 9 Partial operation interface
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Fig. 10 Five-axis vertical machining center
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Fig. 11 The new MQL device

ST AR A 304 AN EEBIER K 170 mm, 55 100 mm, JEJE R 25 mm. SEE JT E ok 4 T 6 A 4t
J1 R ER A WTIRZ T H EA N 10 mm, VIHI 774 25 mm. #5209 BEH 52567 & an &l 12 fis .

S 6 SR A0 BT 13 BT 78 08 TR 11 5 SR {8 485 X 3 17 RS B2 ) 1) TR200 0 8 A 85 4K A7 14 o T 2 10 HEL A 2
Ra, DL FAF B ) 52 5 25



%94 MiEE, F . KARSGURFIBTEBTERE 67

=y [ ) weTe—

12 SHREFES
Fig. 12 Milling test platform

B 13 TR200 3 [ EHE B 2 %
Fig. 13 TR200 surface roughness tester

22 WEEEREER

Sk T UE A TR R 0 T R U A A O N R W W B0 S T U A% e B v U0 D AT S 5 %
o, 4SS A i 5007 SR 6 3 0T o SE08 1 40 2 405 FH TR 22 190 3 50 Ak ek Vi) e 2 8 el B VD8 200, A V)
WA VR 3 0 A5 L F G T T o SRS AR b 0 T b 2 45 3 O 600 mm/min, 3 il A
k3 000 r/min, BEHI VR BN 1 mm, BEHI 98 R S mm, B 14 46 H] A5 b g 7Y Gl ok Vi i 2 04 i K RS WA
RN

x3 TWHAE
Table 3 Experimental scheme
S B4R {1 9 i A A /(mL - hh) JK it /(mL-h™)
1 80 0
2 40 40
3 0 0
4 FLAL W e T

NEL 14 ] LU e B0 R b, it i K <55 Re 8 3% 22 HL 389 50 b DA A TR 2 55 Ak s s v i 1, o 45 )
b ) HR R A R E I EHE

iz HE % 3 v (1 4 H) 2 B06E ol i i o 5 B R0 0 TR UEAT R R XN B AN B AT A BEBE W . B SE R4
S A 5 YR A 2% DR 3 0T BBOT- (8, 5256 8000 An 2k 4 B

HY 2% 4 AT, T B A T4 2 TERLRE B2 06 R 0.383 pum, KT 55 4 3 41 52 56 614 T4 3% 1ML E 44, 1
oAt 3 8 1 7 OB AR, T RS T A0 TSR AR RS B . AE 4 A IS 2 v, i i T T A 80 mU/h i
DI A A 3% 1o RE 52 S5 /0 Hh O mT D I o i TR AR i Y 2R S B DD IR A AL n] o8 e AR S
R ADIEL, N B SRR AR . 53 A0, IR R 80 m/h () f R T ¥ VI 5 H i & 40 mI/h K
40 mi/h A9 Bl T T DD TS0 AR 22 8 K, 0 T 3 K AT A E A 0 A Gl i U R AR B K R AR



68 TR KF FR % 47 %

G PR 2 AN A AT AR Aol A 7 AR

14 BEHII R PR Bk SE RS

Fig. 14 Oil-water-air mist spraying during the milling process
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Table 4 Workpieces’ surface roughness

SIS 10 A B /pm SEEIE /pm
1 0.299 0.301 0.290 0.301 0.307 0.300
2 0.301 0.312 0.308 0.304 0.315 0.308
3 0.393 0.391 0.386 0.374 0.371 0.383
4 0.321 0.314 0.313 0.310 0.309 0.313
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