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ABSTRACT

Machining operations require the removal of chips to keep the water-soluble cutting oil clean and fresh
throughout the operation time. Water-soluble cutting oil for metal processing is diluted using a 3-8% solution
in water which is generally replaced every three to six months. This study aims to develop multiple
purification devices to efficiently remove fine contaminating particles from water-soluble cutting oil. The 2D
concept designs were created using AutoCAD. The designs were drawn using the 3D modelling feature of
CATIA. Flow analysis was performed in a bubble purifier using Ansys computational fluid dynamics (CFD).
This analysis has aided in improving the design and structure of the device to create the final prototype.
Experiments were conducted to check the prototype's performance. Comparisons of the effects of each process
variable on the experiment was carried out using ANOVA.

Keywords : Water-Soluable Cutting Oil(=Z4 A4AHR), Micro Chip(D|AMZE]), ANOVA(EAHEA]), Flow Analysis
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Fig. 1 Expeimental 3D design of total sysem of
neodymium permanent magnet conveyor and

bubble device for removing chips and wastes
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Fig. 2 Schematic diagram of coolant circulation for
removing microchipsusing bubble
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Table 1 Specifications of main parts of the water-solu-
able cutting oil multi-purifying device

Part Name Specifications Notes
h Emagnet
Neodymium| Magnet shape ®15x 10 e
specification
magnet (mm) (115ea)
Capacity
Motor | Revolt: “ SPG
otor evolution per
minute. 1550 | (S9140GBL)
(rpm)
Motor Gear reduction 1:180 SPG
reducer. ratio. : (S9KB180BH)
Voltage 220
ngdﬁe%y HAN-IL PUMP
Pump (H2) 60 |(MPPH-400-SGD
Total head(m) 37 PXNB)
Weight(kg) 10
. : Inner diameter
Spring hose Hose size 20A 19 mm

(@) Assembly drawing of microchip bubble removal
device

(b) Detailed drawing bottom part of microchip bubble
removal device
Fig. 3 Drawing of microchip bubbleremoval device

Fig. 4 Photograph of real-time monitoring device
ingtallation and operation
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Table 2 Analysis conditions of bubble microchip re-

moval device
S Bubble microchip removal device
Division specifications
Water pressure
0.085
(MPa)
Inlet air pressure 0.01
@15
11
!
Nozzle diameter _
(mm) i @15
|
rit
n_t
Air nozzle spacing / A
(mm) i iy -5,15

Fig. 5 Pressure digribution and flow of bubble device
(Air nozzle spacing: -5)

0.000e+000
[m s*-1]

Fig. 6 Pressure digtribution and flow of bubble device
(Air nozzle spacing: 15)
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gst7] gk QA AR duddEs AASH
a4t (A) =2 A4S 9mm, 13mm, 15mm=Z A2t
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star (B) 371 =% A< -10mm, 5mm, 20mm
7F HEE BEFS JFEEdnh dudds S99
Z70 A AABH7] fEte FrI9E R FoEs 1
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S FElMe Bk EelE WEo] HFHoR
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Az Bx=4 AxE Table 49 Yehlon
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Table 3 Preliminary experimental factors and level

placement
A B Fixed factor
Factor |Nozzle size| Alf N9Z21€ | 5 pressure| Water pressure
mm) | oy | (MPa) (MPa)
0 11 -5
Level| 1 13 5 0.01 0.085
2 15 15
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~ (b) Photograph of bubble ares
anaysis
Fig. 7 Analysis of bubble digtribution using photos(Exp. 7)

Table 4 Experimental conditions and results of bubble

T 3= A A
Aol HEAA *3%735@_‘% Y5kt
Table 59] AAe} FFS
g3t 8 HPL AA
AL KS | 180119239 42 -84
43 ERHEY SAYHS o] &3y
o FAYAE F A
FTHOE HE DWIZ‘ ZMZLXH A< A

ATt

1 2 3 4 5 6 7 8 9 10
Experiment number

A1BoCiD1Ey| 15 -5 0.015 | 0.085 17
A1B1CoDoE;| 15 15 0.01 0.05 22

aeaanalyss HAGAE 3l APodA AR} FEE wEE
A B o Zg3le] HAPFHE Table 69 AFx=AL %
Experimental ] : Bubble area A3ta 839 AL APoZ AAFF o YA
NO| “procedure | Nozzlesize Aé'l;gg%le (%) ° . R, - i
| mm) 27) 10ume] ALFeE 1g& FAIIE Fatel
1 AdBo 9 10 506 EYsted HE mAA AAZAY FeFEs A
St A
2 AoB1 9 5 50.3
3 AdB2 9 20 487 Table 5 Factors and levels conditions of suspended par-
4 A1Bo 13 -10 56.4 ticle recovery experiment
5 AiB; 13 5 51.3 A B c D E
. Air nozzle
Nozzlesize :
6| AB: 13 20 497 Foctor | (MM) 5‘(’%1’;9 Air | Water | Water
7 AB 15 .10 575 . . pressure; pressure temperature
= i || [ (Pa) | vpe) | (C)
8 AzB; 15 5 52.2 o il
0 11 -5 0.01 0.05 17
9 AzB> 15 20 49.8 Level
15 15 0.015 | 0.085 22
587 —@— Bubble area ® 575
57 ' Table6 Ly (2") Orthogonal array table floating particle
® 56.4 , .
56+ recovery experiment conditions
e > A B C D E
= o4 Experimental :
§ 53] No p‘l?ocedure Nozzle ncf;zrle Air Watert Wat;’
3 size *'~ | pressure [pressurgtemperature
9 52 @ 28 ® 522 spacing| P P P
2 . ® 513 1[ABCoDoEs| 11 | -5 [ 001 | 005 17
5’ ® 503 2 | AoBoCoD:E; | 11 -5 0.01 | 0.085 22
501 . @® 49.7 @ 49.8 3 |AoB1CiDoEy| 11 15 0.015 | 0.05 17
494 @® 48.7 4 A081C1D1E1 11 15 0.015 0.085 22
48 +— T T T T T T T T T 5| AiBCiDoE;| 15 -5 0.015 | 0.05 22
6
7
8

Fig. 8 Bubble area measurement result graph

A.B,CoD:Eo| 15 15 0.01 | 0.085 17
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4, 371948, &9 A7 «o2 WE vAH Al
Water pressure(Mpa) 0.085 7'1 o]'i]-o/] U] ‘“?JX]' Zé]ﬂ"‘g'a oﬂ 0363:0] lrrfq"‘\f 7/‘1
56 005 0 o sl
34 | 6.0
_ 3 ss Table 7 Orthogonal array table experiment results
£ 301 TE Ng Experimental [ Measurement ranking
s 28] E procedure result(q)
E 26 0 ; ﬁogogogogo 8%;2% g
E 2 0DoMo1E] .
g 24 a5 3 AB,CiDoE, 0.2919 6
= 22 4 A081C1D1E1 0.3017 5
2wl . o 5[ A1BoCiDoE; 0.4090 1
s : 6] A1BoCiD1Eo 0.3683 2
ppons 015 7| A1B1CoDoE; 0.2244 8
Air pressure (Mpa) 8] A1B;:CoD1Ey 0.2480 7

Fig. 9 Comparison of air pressure and water pressure
flow measurement results

Table8 General linear model: Amount of recovered particles

level of
—e— Hydrogen exponent(pH) Source | DASeq SSAdj SSAd) MS|F-ValueP-Valu contributi
- = Dissolved Oxygen(Do) on (%)
8.0 - A
_ | lg.a g (Nozzle size) 1/0.001|0.001| 0.001 | 39.02 [0.0250, 4.96 %
T 79- £ B
‘% re2 = (Airnozzle| 1| 0.016 [0.0158 0.0158 | 614.93|0.0020 78.17 %
S 7.8 .. 2 spacing)
g ] r8.0 & c
8 77- e & (Air | 1]0.003 0.00290.00298 113.88|0.009 | 14.48 %
2 S B
:S b 2 (Water 1]0.0004/0.0004/0.00048 16.44 |0.056| 2.09 %
7.5 74 & pressure)
. . . : . v E
7 18 19 20 7 22 (Water 1]0.0001/0.00010.00001| 0.42 |0.583| 0.05%
Water temperature (T) temperature)
0,
Fig. 10 Graph of pH and Do measurement results of the Exror 2|0.0001/0.00090.00002 0-25%
monitoring device Tota 710.0202 100.00 %
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Fig. 11 Main effect plot of amount of recovered particles
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