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ABSTRACT

One of the promising solution to improve the hard machining performance is the application
of Nanofluid Minimal Quantity Lubrication (NF MQL). The presence of nanoparticles not only
improve the cooling lubrication of the based cutting oil but also create more lubricating
mechanisms in the cutting zone. This paper aims to study effect of MQL using nano cutting oil on
the hard milling process. The Box-Behnken experimental design was utilized to investigate the
effects of input variables on the responses. The obtained results indicated that the concentration
of nanoparticles, cutting speed and feed rate cause the strong influences on the surface
roughness and cutting forces. Also, the appropriate ranges of input variable values can be
determined for the required outputs. Moreover, the better cooling and lubricating effects were
reported and the machinability of carbide inserts was improved by using Nanofluid Minimal
Quantity Lubrication.
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1. INTRODUCTION

Cutting processes still play an important role in industrial production because of their
outstanding advantages such as high dimensional accuracy and surface quality, and being able to
create many profiles [1]. In the machining field, the solution to finishing steels after heat
treatment is grinding, but low productivity and environmental pollution problems from using
coolants have created new requirements for developing alternative technologies. One of the
technological solutions that is being developed and increasingly widely applied is hard
machining technology [2]. Hard machining processes use cutting tools with geometric defined
cutting edge to directly cut the heat-treated steels with high hardness [2]. Thanks to
developments in the field of materials and machine tools, it is now increasingly easier to carry
out the hard machining process. Besides, this technology shows advantages such as high
productivity, machining accuracy and very good surface quality, so it is being increasingly
widely used and replaces or supports the grinding process. Among them, hard milling technology
has attracted great attention from manufacturers and researchers, especially in the field of mold
manufacturing [3]. Due to the intermittent cutting process combined with high cutting force and
cutting heat, flood technology is not suitable [4]. When performing hard milling in dry condition,
high cutting force and cutting heat accelerate tool wear, greatly affecting tool life, surface quality
and productivity [5]. Several solutions have been proposed to improve lubrication and cooling in
the cutting zone during hard milling, including minimum quantity lubrication (MQL) [6],
minimum quantity cooling lubrication (MQCL) [7, 8], nanofluid MQL (NF MQL) [9, 10], and so
forth. Among these solutions, MQL technology using nano cutting oil is an up-to-date research
topic and has proven its suitability when applied to hard milling [11]. Besides, using nano cutting
oil has overcome the disadvantage of low cooling capacity of MQL method [12]. However, the
publications following this topic in Vietnam are limited, so the authors are motivated to make an
experimental study on the influence of MQL environment using Al,O3z nano-cutting oil based on
soybean oil on hard milling of 60Si2Mn steel (50-52 HRC).
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2. MATERIAL AND METHOD

The experiments were carried out on a VMC 85S machining center. The BAP 400R-80-27-6T
face mill head was used with APMT 1604 PDTR LT30 PVD submicron carbide inserts (flank
angle (11°), nose radius (0.66 mm)) made by LAMINA Technologies (Switzerland). The MQL
system includes: NOGA MiniCool MC1700 combined with the air pressure regulator, and air
flow rate valve, PT-0136 compressed air, soybean oil, and Al,Os nanoparticles (30 nm). To reach
the uniform distribution of Al.Os; nanoparticles in the soybean oil, Ultrasons-HD (JP SELECTA
in Spain) is used to create the ultrasonic vibration. Kistler quartz three-component dynamometer
(9257BA) and SJ-210 Mitutoyo (made by Japan) were used for measuring cutting forces and
surface roughness (cut-off length of 0.08 mm). The 60Si2Mn steel samples were austenitized at
850 °C, then tempered at 400 °C and finally were oil quenched to the room temperature to reach
the hardness of 50 - 52 HRC. The chemical composition of steel samples is presented in table 1.
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Figure 1. Experimental set up [13].

The Box-Behnken design of experiment was shown in table 2. The three input variables
include nanoparticle concentration (NC), cutting speed (V) and feed rate (f). The responses are
the resultant cutting force Fr and surface roughness R.. The fixed parameters include the depth of
cut to = 0.2 mm, air pressure p = 6 bar, and air flow rate Q = 200 I/min, which were based on the
previous studies [11, 13]

Table 1. Elemental composition of 60Si2Mn steels.
Element Weight (%0)

C 0.56-0.64
Si 1.50-2.00
Mn 0.60-0.90
P <0.035
S <0.035
Cr 0.35max
Ni 0.35max
Fe Rest
Table 2. Design of experiment.
Low High
No. Input parameters Symbol level level Responses
1 | Nanoparticle concentration (%) | NC 0.5 15 - Res:cjltantlguttlng
orce
2 Cutting speed (m/min) \Y 90 130 - Surface rouahness
Feed rate (mm/tooth) f 0.08 0.16 Ra

The cutting trials were implemented by following the experimental matrix built by Minitab 19
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software. The surface roughness Ra values were measured 03 times and the average value was
taken after each cut. The cutting force components Fx, Fy, F, were measured directly during
cutting process by Kistler quartz three-component dynamometer (9257BA). The resultant cutting
force F is calculated by equation (1).

E = /sz + F? + F? 1)

3. RESULTS AND DISCUSTION

In figures 2 and 3, it can be seen that the strongest impact on R, and F; is the nanoparticle
concentration, followed by the cutting speed, and then the feed rate. For surface roughness R,
when increasing the nanoparticle concentration from 0.5% to 1.2%, the surface roughness value
increases rapidly and tends to decrease slightly when increasing NC to 1.5%. However, the graph
for F, is the opposite. It can be explained that increasing the nanoparticle concentration helps
improve the lubrication ability because Al.O; nanoparticles have high hardness and nearly
spherical shapes. However, the growing density of nanoparticles in the cutting area causes
impedance and scratching of the machined surface, causing Ra to increase. For increasing V from
90 to 105 m/min, both surface roughness and cutting force decrease, and this result is completely
consistent with the study [2, 14]. When cutting speed V goes up to 130 m/min, R, and F; rapidly
rise. In case of increasing the feed rate, R, and F, grow because the distance between cutting path
and the area of the cross-section of a cut layer increase [15].
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Figure 2. Main effect of investigated variables  Figure 3. Main effect of investigated variables
on surface roughness Ra. on resultant cutting force F.

The surface and contour plots in figure 4 show the influence of the nanoparticle concentration
and cutting speed on the objective functions R, and F, when the feed rate f is fixed at 0.12
mm/tooth. Figure 6a shows that the optimal R. value domain is the region with Ra < 0.15 pm
when the nanoparticle concentration is from 0.50 + 0.55% and the cutting speed V = 100 + 120
m/min. Figure 6b shows that the domain for the smaller F, value is the region with F, < 550 N
when using NC = 1.00 + 1.25 % and V = 92 + 110 m/min. Similarly, for cutting speed fixed at
110 m/min. the optimal R, value domain (Ra < 0.14 um) can be achieved with NC = 0.50 +
0.60% and f = 0.08 + 0.16 mm/tooth. From figure 7b, NC= 1.00 + 1.25% and f = 0.09 + 0.12
mm/tooth should be chosen for smaller F; (Fr < 550 N). When NC is fixed at 1.0%, the optimal
Ra value domain (R < 0.20 um), V =102 + 110 m/min and f= 0.08 + 0.11 mm/tooth should be
recommended. From figure 8b, for smaller F; value (F; < 550 N), it should be chosen with V =90
+ 110 m/min and f = 0.08 + 0.12 mm/tooth. The obtained results help technicians quickly choose
the investigated parameters in the optimal domain depending on the objective functions.
Specifically, for smaller surface roughness R., the nanoparticle concentration NC=0.5% =+
0.55%, cutting speed V=100 + 110 m/min, feed rate f = 0.08 + 0.16 mm/tooth should be chosen.
For smaller resultant cutting force F., the nanoparticle concentration NC = 1.0% +1.2%, cutting
speed V = 90 + 110 m/min; feed rate f = 0.08 + 0.12 mm/teeth should be selected. In order to
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achieve the smaller values of both surface roughness R, and the resultant cutting force F, the
cutting speed can be selected in the range of 100 + 110 m/min. However, if the exact optimal
values of the nanoparticle concentration, cutting speed and feed rate, the more specific
calculation will be needed and the obtained results are presented in the next section.
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Figure 4. Effect of nanoparticle concentration and cutting speed on:
(a) Raand (b) Frat f = 0.12 mm/tooth.

4. CONCLUSIONS

In this study, the influence of MQL using nano cutting oil on the hard milling process was
investigated and evaluated. It can be seen that the hard milling efficiency as well as the
machinability of coated carbide inserts have been improved due to the good lubrication and cooling
effect obtained from nanofluid MQL technique. This expands the applicability of vegetable oil, a
naturally biodegradable and environmentally friendly oil, in the hard machining process.

The important technological guidelines are also provided for further research and production
practice. In order to achieve the smaller surface roughness R, NC = 0.5% + 0.55%, V = 100 +
110 m/min, f = 0.08 = 0.16 mm/tooth should be chosen. For smaller F; values, the NC = 1.0%
+1.2%, V =90 + 110 m/min; f = 0.08 + 0.12 mm/tooth should be selected.

In further study, deep investigation should be made on the cutting mechanism, wear
mechanism, and machined surface integrity when using nanofluid MQL.
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TOM TAT
Khao sat hiéu qua ctia qua trinh phay cing thép 60Si2Mn
véi ché do béi tron toi thiéu dung dau cat nano

Mot trong nhiing giai phap day hira hen dé cai thién hiéu sudt gia cong cimg dé la
umg dung Béi trom toi thiéu dung dau cdt nano (NF MOL). Sw ¢6 mat cua cdc hat nano
khong chi cai thién kha nang boi tron lam mat cua dau cdt goc ma con tao ra thém cdc co
ché béi tron trong ving cdt. Bai bdo nay ndy nham muc dich nghién ciru dnh hieong ciia
MOL sir dung ddu cdt nano dén quda trinh phay cimg. Thiét ké thir nghiém Box-Behnken
dwoc sir dung dé nghién ciru tde dong ciia cdc bién dau vao dén cdc thong sé dau ra. Két
qua thu dwoc cho thcfy n(;ng dé hat nano, téc dé cdt va téc dé tién dao cé anh huong manh
mé dén do nham bé mat va luc cdt. Ngoai ra, co thé xdc dinh ddi gia tri thich hop cua cac
bién dau vdo cho cdc két qua dau ra theo yéu cau. Hon nita, hiéu qud lam mdt va béi tron
16t hon da dwoc ghi nhdn va kha nang gia cong ciia manh hop kim cimg dwoc cdi thién
bang cdch sir dung béi tron toi thiéu ding dau cdt nano.

Tir khoa: Phay cung; Luc cit; Nham bé mit; Dau cét nano; MQL; NF MQL.
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