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Abstract. Stainless steel materials have been used in magsfisuch as automotive,
aviation, medical industries, etc. In addition, shematerials are classified as difficult-to-cut
materials due to low thermal conductivity and wbdedening tendency. Therefore, studies on
machining of these materials have been performedder to understand the basic of the process. In
this study, surface roughness and burr height wevestigated in MQL (Minimum Quantity
Lubrication) milling of AISI 430 ferritic stainlessteel. In MQL milling, commercial vegetable
cutting fluid and MWCNT (Multi Walled Carbon Nandie) reinforced vegetable cutting fluid were
used. The milling experiments were also conductadeu dry condition. In the experiments,
uncoated WC (Tungsten Carbide) and TiN (Titaniurtritle) coated WC cutting inserts were used.
Based on the experimental results, MQL method redltice surface roughness and burr heights and
better surfaces were obtained by using nanoflunidd@L method.
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I ntroduction

High quality and near-net-shape products could @ived by modern manufacturing methods.
However, the proportion of machining is still largenong the manufacturing methods, especially for
difficult-to-cut materials such as stainless stedldanium alloys, Nickel alloys, etc. Products rfro
corrosion-resistant steels find the applicatioraarim the chemical, medical and other related inigiss
where the requirements for the quality of partsvary significant.

Problem Statement

The processing of stainless steels is the maireigsumany studies. In milling of stainless steel
materials, various cutting tool failures such ankl wear, crater wear, cracks, chipping, etc. can b
observed because of their work hardening tendendyl@aw thermal conductivity. For this reason, this
paper aims to develop some coolants and coatingsltwe these formations.

Review of Modern Information Sour ces on the Subject of the Paper

In the study of Sutar and Gujar [1], the influerafecutting parameters and the usage of various
types of technical fluids on the surface roughnsesse investigated. The research study showed that
Taguchi design method allowed optimizing the swefquality and it was also specified that the sigaift
contribution of the technological environment te tharameters of the cutting process. Yao et al. [2]
investigated the milling process of high-strengl#338 maraging steel and presented that the incirase
specific cutting energy contributed to an improvatria surface quality and an increase in the sfzh®
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upper burrs. Meixia et al. [3] studied the influeraf cutting parameters and directions on the slaape
size of the resulting burrs during micro milling 80S. Results showed that the depth of the cat
the shape of the resulting burrs.

The problem of increasing productivity while maintag the required product quality is often
solved through the use and proper selection ofnguftuids. The compositions of cutting fluids usied
production are made from oil products, but the mmrmental problem has been attracting more attentio
due to containing organic compounds of nitrogefgrate, phosphorus and sulfur. The decompositiah an
interaction products may have carcinogenic and gauti@ properties and may cause damage ecology and
health of workers [4]. This aspect contributes @ tdevelopment and implementation of advanced
technologies aimed at improving the quality of rhetachining and reducing the negative impact on the
environment. Ogedengbel at al. [5] compared theceffof vegetable oil and industrial emulsion oa th
turning process of stainless steel and specifiatl nlatural oils had higher lubricating propertielsich
affected the reduction of surface roughness. Kuehal. [6] studied the effect of vegetable oilshnihe
addition of extreme pressure additives on cuttiocd, temperature, tool wear and surface roughness
during turning of AISI 1040 steel.

Results showed that vegetable oils with the additid extreme pressure additives reduced the
cutting forces and improved the surface quality.

The rare use of vegetable oils as an alternativéraditionally used production compounds is
explained by the high cost of raw materials andpblgmerization of most groups of vegetable oilkisT
problem can be solved through the use of MQL (MimimQuantity Lubrication) which reduces the
lubricant consumption by supplying it in the forfnam aerosol [7].

Research studies showed that MQL technology hadstiye effect on improving surface quality,
improving tool life and reducing cutting forces quaned to flood cooling [8]-[11].

Objectives and Problems of Resear ch

Therefore, in this experimental study, the effdat@mmmercial vegetable cutting fluid and MWCNT
(Multi Walled Carbon Nanotube) reinforced vegetahigting fluid on the surface roughness and buighte
during MQL milling of AISI 430 stainless steel wittncoated and TiN coated WC tools were investigated

Main Material Presentation

In the experiments, AISI 430 ferritic stainlesse$tgarts were selected as workpiece material and it
chemical composition was given in Table 1. The disiens of the workpieces were 400x250x6 mm.

Table 1
The chemical composition of Al Sl 430 Ferritic Stainless Stedl
C% Mn % S% P % Si % Ni % Cr%
0.052 0.69 0.002 0.029 0.67 0.26 16.54

During milling experiments, uncoated WC (Tungstemh@le) and TiN (Titanium Nitride) coated WC
cutting inserts were mechanically mounted on thenB82 diameter tool holder and the experiments were
performed by using a CNC machining center. Theimgilparameters and conditions were given in Table 2

The milling experiments were carried out under dfQL with commercial vegetable cutting fluid,
and MQL with nanofluid conditions as seen in FigAlcommercial vegetable cutting fluid was used. In
order to obtain nanofluid, MWCNT (Multi Walled Camb Nanotube) particles were added at weight
fractions of 0.2 %wt to the vegetable cutting flukdrstly, MWCNT particles were dried for 2 hours a
120°C in a drying oven. Then, dried nano partielese added to the vegetable cutting fluid with sodi
dodecyl sulfate and the nanofluids were prepared tigital homogenizer.

Surface roughness values of the machined surfaees measured using Time TR200 surface
roughness tester. Five measurements were perfoanddarithmetic means were determined. SOIF
XLB45-B3 digital stereo microscope was used to vaawd measure the burr heights.
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Table 2
Milling parameters and conditions
Cuttin MQL Flow . Cuttin eed Depth of
Condition Ra?e (miny | CuttingTool (m/?nisr?) Feed (mmirev) | <P (mm)
Dry - Uncoated WC
Dry - TiN coated WC
MQL 20 Uncoated WC
MQL 40 Uncoated WC
MQL 20 TiN coated WC
MQL 40 TiN coated WC 100 0.18 0.5
Nano MQL 20 Uncoated WC
Nano MQL 40 Uncoated WC
Nano MQL 20 TiN coated WQ
Nano MQL 40 TiN coated WC

. .
Fig. 1. Pulverizing the cutting fluid to the cutting aréaring MQL milling

By applying MQL method, reductions in surface rooggs and burr heights were obtained as
compared to dry milling due to effectively reachioigthe cutting fluid into the cutting zone. As sea
Figs. 2-5, better surface roughness and smallerieight in nano MQL method were observed thanghos
in dry and MQL operations because of lubricatiom dreat removal effects of MWCNT patrticles in
nanofluid. In addition, surface roughness and Iaight decreased with increasing the MQL flow rate.
Because, the amount of pulverizing cutting fluidhe cutting zone increased and so better surfaakty)
could be obtained. Besides, lower surface roughaegssmaller burr height were measured with TiN
coated WC tools than those measured with uncoat€dt®dls (Figs. 2-5) due to having low friction

coefficient of TiN coating.
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Fig. 2. The variation of surface roughness based on latioic condition in milling with uncoated WC culttitgpol:
a — MQL flow rate of 20 ml/h; b — MQL flow rate ¢ mi/h
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Fig. 3. The variation of surface roughness based on latioic condition in milling with TiN coated WC cuttj tool:
a — MQL flow rate of 20 ml/h; b — MQL flow rate ¢d mi/h

mn
E
m
=

TR
b2

1.2

—
e

o
=
L=
o

b
s

Surface Roughness (
=1 =1
+ o

Surface Roughness (
=]

(=)
[
<
[

=1}
=

25 23
’E“ ) E‘\ 2
:EEP 1.5 % 1.5
2 2
'5 £
m . =

Nano Nanu
MQL
Lubrication Condition Lubncatlon Condmon
a b

Fig. 4. The variation of burr height based on lubrica@mdition in milling with uncoated WC cutting tool:
a — MQL flow rate of 20 ml/h; b — MQL flow rate ¢ ml/h

2.5 25
E° g
% L5 % 15
i 7
g =
ﬁj - ﬁ
ano MQL Nanu
Lubrication Condmon Lubrication Condition MQL
a b

Fig. 5. The variation of burr height based on lubricatemdition in milling with TiN coated WC cutting tbo
a — MQL flow rate of 20 ml/h; b — MQL flow rate ¢ ml/h

Depending on the burr images, nano MQL milling metiyave smaller burr heights than dry and
MQL milling operations as seen in Figs. 6 and 7nliling with TiN coated WC at MQL flow rate of
20 ml/h, the burr height was measured as 1.35 mereds 2.06 mm, 1.89 mm and 1.57 mm values were
measured for dry milling with uncoated WC, dry i) with TiN coated WC and MQL milling with
uncoated WC at MQL flow rate 20 ml/h, respectively.

The burr heights were reduced from 1.57 mm to Irth and from 1.35 mm to 0.97 mm by
increasing MQL flow rate for uncoated WC and TiNatad WC, respectively. When nano MQL method
was used at MQL flow rate of 40 ml/h, the burr Isgwere measured as 0.75 mm and 0.7 mm for
uncoated WC and TiN coated WC, respectively.

11



Alper Uysal, Eshreb Dzhemilov, Ruslan Dzhemalyadino

Fig. 6. Burr views (7x magnification): a — dry milling vaituncoated WC; b — dry milling with TiN coated WC,;
¢ — MQL milling with 20 ml/h flow rate and uncoat®dC; d — MQL milling with 20 ml/h flow rate and Tikoated WC

d

Fig. 7. Burr views (7x magnification): a — MQL milling wit40 ml/h flow rate and uncoated WC; b — MQL mijin
with 40 ml/h flow rate and TiN coated WC; ¢ — Navi@L milling with 40 ml/h flow rate and uncoated WC;
d — Nano MQL milling with 40 mi/h flow rate and Tidbated WC

Conclusions

Based on the results, surface roughness and bigiitheeduced by pulverizing the cutting fluid to
the cutting zone through MQL system. In additiom,igcrement at MQL flow rate and also the usage of
TiN coating decreased the surface roughness amdchbights. In other words, the surface quality ban
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improved by using MQL method and TiN coating. Adtfiglly, better surface roughness and smaller burr
heights were obtained under nanofluid MQL millingecations due to lubrication and heat removal
characteristics of MWCNT particles. Consequenttyg best surface was obtained in nano MQL milling
with TiN coated WC tool at MQL flow rate of 40 mil/h
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