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Towards Advanced Control of Manufacturing Cells

Friedrich Bleicher, Bernhard Wallne¥*, Christoph Habersohyn Osman Bodur, Lukas Ktigerk,
JulianAmon Greitler,, Florian Wurne, Tanmay Badhan Thomas Trautner

2TU Wien, Institute of Production Engineering and Photonic Technologies, Getreidemarkt 9/311, 1060 Wien, Austria

* Corresponding author. Tel.: +485880131120; Email address: wallner@ift.at

Abstract

Recent research n manufactur ng ncreas ngly focuaesoan
dr ven by econom ¢ and env ronment al pressures. Th s pr
met hods, and smart manufactur ng <concepts, wh ch coll e
Gl obal zat on and product nd v dual zat on mpose nt ¢
workp ecesnt Conal product on systems cannot adequately
mach ne tools const tute a key enabler, capable of sBdep
on d g tdl rtmatieel dsataan. Th s contr but on proposes a conce
ts subsystems, out/l nes essent al funct onal componenadrs
mob | eulmaatnorps further enhances flex b | ty by automat n
m n mal human ntervent on.

Key woAddaspt ve Control, D g tal tw n, D g tal manufactur
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Machining Transformation and
Dr. KwMafar o

ipMGMor i, Japan
This presentation wil/ present the progress of machining
represents our proposal to improve productivity of ma n L

transéor mAnhbt her out come of Machining transformation ( M
presentation.
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Sustainabl e Solutions for Critic
| ndustry

Kenan* Boz

E P MA, France

Abstract:
The value chain of hard metal susiesr.a Raown gnaptaetrh afl r osnu ppprl oyd L

extracted in speC|f|c countries or regions, and t hcea rpbroond
footprint. Certain cycling pat hsoflairfee apvrao d uacbtlse ,asb uan td
st eel production, or hardfacing which is the metdmgomdnt
surface that is subject to wear in service. Both paths
functionality than the original materi al

A significant recovery opriwdantdsCanilremrmasufacalbrieadybuw
(42% for W and 22% for Co in 2023). Heweme@mijvétrhberrme mitish listts
in materials and energy enhancement for pursuing a gree
Met al i ndustr-yusesobu€RMI feabpeciaelly W and Co) due to th

declead by the European Commi ssi on.

This presentation will be an overlook on the current, st
particularly for W and Co, together with emerging soluti
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Tr endsUsien Randide€u totfToo ¢ s

Berend MDenkarkad® Schaper

Lefibniz University, Germany

Abstact

The first part of the presentation wil!/ showcase tHeelat
environment and with volume flow control of cooling ||l ub
conswmptdiuring machining. The second part of the present.
presented dedlaswidt r egonadidti ingn of tools in a tool grinding
technosl omgeyl,]l aas regri ndtitnug ni nmaa hd carev. e nfthieo nalt tmeirl lappr oach
such machines.
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Cutt nmpootit ant Factor Afnf eMatc hn gn
Prof. a8 ng He

aCol | evpec haafni cal and Electrical Engineering
Nanjing University of Aeronautics and Astronaut

NUAA Nanjing, China

The presentat on w || f rstily ntroduce the devel opmen
Env ronmentsadst al hneanb | e¢ hreanuf actur ng for equ pment manuf
em ss on n equ pmentGmaeanuflacu ue wadd aPreotdacsamlgs s ed and ar
cutt ng tools are most mportant factor affect ng <carbc
s gn f cantly reduce carbon em stslypynaff Metanmhchen ndhepe
ach eve h gh perf eagmamcde cnaanbwfnacrnneiut r al ty n Manuf act L
nvest gat on of carbon footpr nt assessment , carbon r

opt m zat on technology around cutt ng tool s.
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Mach n ng Research Landscape: FI
|l nt el | gence
Prof. Dr. *Peter Krajn Kk

®Chal mers Uni verSsMetdenof Technol ogy

Abstract
The talk explores the mult faceted nanueer olf atneadcht he mmgs :

nteract ons, advanced model ng approaches, and the d g t
Beg nn ng w th the foundat onal role of mater als ddeence
mach nab | ty. Th s nprwdcdesst hg ompladdat ordy mtatpatbdalct
varat ons.

Next, recent abdavsaendc eesst nmapth yosn cosf t ool wear are present e
processes.

The f nal part focuses on d g tal zat on n manuf adtlwr sng
of -d¥I ven mach ne tools and nt el | gent product on system
are be ng appl ed n real manufactur ng env ronments.
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Efficient Useof Metal Working Fluidan Machining

HansChristian Mohring*, Johannes RammeAndré JaquemddTobias Tandlér

anstitute for Machine Tools, University of Stuttgart, Holzgartenstrae 17, 70174 Stuttgart, Germany
* Corresponding author. Tel.: +49 0711 685 837-8pail addresshanschristian.moehring@ifw.urstuttgart.de

Abstract

I n machining processes, metal working fluids or ctooodlanan
wor kpi ece material, lubricating and | ower the friocft itohneal
cutting zone Especially in machining processes with nar
coolant lubricant application and cutting physi csbaoscecdur .
on experimental investigations and simulation apprlhh@awrme s
and | atest findings are discussed Further mor e, tnhse otfect
fundament al experiment al studies and simul ations.

Key woMeltsal work ng flu ds; CFD s mulat on; Eff ¢ ency
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Al vs. Human Understand ng of Pl
Manufactur ng Be Solved
Dr. Yavuz ®*™Murtezaoj !l u

Modul eGr kany

Abstract

A br ef cémpaf somlofntell gence and Cutt ng Phys c¢cs as
A m ng a h gher |l evel of Automat on and address ng Sk |1
the contexé¢l of memretws deef CAM al gor t hms n colloborat on w
ns ghts about the journey of d g t al zat on n manpfac
bet ween mapos stakbbbpdto accelerate th s.
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Mach ne Tool | nnovat on at DMG
Transf or mat on
Dr . | r mo Naruh ro

ADMGMo diapan

Abstract

DMG MORI 6s Mach n ng Transformat on ( MX)t oomans o
d g tal transformat on (DX), and green transfo
h gh product v ty are the most essent al KPI s.
d g tal twan othggchmalhog hees,r pract cal appl <cat

del ver h ghly accurate and eff ¢ ent mach ne
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Modeling and Analysis of Higispeed SpindiBearing Systems

Prof . Dr . S&#ongwook Hong

®)Kumoh Nan$bobhealte of Technology, South Korea

Abstract

Sp ndle dynam c¢cs have become ncreas -agégdpmpogh amn mwadhh
Th s presentat on traces the evolut on of sdpayn dlheald yemagne sc
beagr snystems demand a mult d sc pl nary perspect ve, w th
cruc dlearotngr nt emachawonsal Teefeots are espec ally sngn f
can |l ead to ther mal def or mat on, alter ng the system's d

ssues to prov de a deeper under s tsapnede dpg eocfg sa nbad ayssp nsig dalsngds
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Redl me Anomaly Detect on and Sur
w th I ndustr al Edge | nt

Prof-. ndr . Bahman®Azar houshang

®Furtwangen Unfversity, Germany

Grinding represents thignal and most critical stage of precision machining, where even nanescelerdeviations in surface
roughness can compromise functionality, shorten component lifetime, or trigger costly rework. Traditional offline quadity con
methods fail to providrealt i me i nsi ght , ma ki ng t halua prodociioh segtorasuch asfaerospatep ¢
automotive, and medical technology. To address this challenge, we propose an intelligengngulggengbased monitoring
framework capable of botbnline anomaly detectionandimmediate surface roughness prediction

Dual Edge Computing Framework

The proposed system integrates two synchronized industrial edge platforms connected to a CNC grinding machine:

1. Siemens Industrial EdgeBooperating at a 1 kHz sampling frequency, continuously collectingfégjuency machine signals.
2. An additional real-time edge devicaleveloped in parallel, recording process data at a higher rate of 5 kHz.

Together, these devices capture a comprehensive and redundant view of the process dynamics, including spindle current,
loads, and torque signatures.

Online Anomaly Detection

Using advanced Adiriven anomaly detection models, the system continuously monitors incoming data streams during grindin
Process signatures are analyzed in real time to identify deviations from normal operational patterns. Thimimebles
identification of anomalies simultaneously with part production ensuring that any defective process state is flagged before the
part leaves the machine.

RealTime Surface Roughness Prediction

In parallel, statistical and spectral features are extracted from the spindle current signals. Artificial intelligencdrainddland
validated on reference measurements, achieved a prediction accuracy aboT@&&d4models capredict surface roughness
immediately after the grinding operation, eliminating the need for secondary measurements.

The comb nat on of anomal y dedtheocdth oenmberdd edu rdf accect d & a lo nt
demonstrates ®theptf emsz bnd, tgutodnomousByprsohd ufctt nogn fsryosnt enr
pred ct ve assurance, l1m@a%utf amd ugeals tcyemcuocrepritahlme mt sk of
trans tzewetf ewdr dnanufactur ng
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A Novel Tool Runout Model Considering Actual Pitch Angle in Milling
Processes

ShaeCong Linghd , Min War?

aState IJR Center of Aerospace Design and Additive Manufacturing, School of Mechanical Engineering, Northwestern Polytechnica r si t y, Xi 6 a!
710072, China

* Corresponding authoE-mail addresslinghushaocong@mail.nwpu.edu,en.wan@nwpu.edu.cn

Abstract

Tool runout is a prevalent issue in milling procescseess , anas match
i naccurdgci eAss clur ate modeling of tool runout i smanmn@&] al Béyondnafe
the rotational radi us, t ool runout al so | ,&f |liulelncetst atnBbd ehveimo Esr gr
have overlooked the dynamic chanbebsriacaectaay antdchpphigtebil it
study introduces a novel theoretical framework thdhei pcoppsedt
begins with establishing the practical ki nematic geodneuelyo pfeod
determine the actual pit2ch Tarngl edheoaxetdeaemdnatprpatoad hi efFiegti vel:
tool reodtiausi omnd the instantaneous pitch angle variations.agurt!
been established. To validaad esdrméelspimfgo ssergeeamboithetit sueff &ebei eape
compared with the predicted values, demonstrate the model's acc
KeywoTrodosl: runout; p tch angle; m |1 ng process; cutt ng f
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Abstract

The ncreas ng demandtfengthgmbawerght sand hegbspace and autor
magnes um all oyswalplaerdt fcourlnasr Idyu e nt-totohe hnght reated |l &md ygo sléwagaéah,
t hhwal |l ed magnes um components presents notable chall eng®sst anak
and product qual ty. In th s study, Bpmagmeedum all og Sormteg
consumpt on, cutt ng temperature, and surface roughndsesustmopft
across four env -H olnanemtwar tdea,w ,m RWaemuuRHMTant ty | udasscat edn MQMQK
After the expernanenrt-elj ecixt vneatauprte m zat on model s were appl e
resul ts nd cat edparhametderfd earecht!l umarc hc aat ngn strateg es prov de
as mproaowaed nguforreeg, tpeonwpeerr at o mgwydmphl e totner .suCdmsequewmall yt,y t he
recommended d fferent mach n ng parameters and cool ng @eanrd rton

Keywolrhd sn;AWa8lThBr gnes u mNainisopgpt eth Ranegdne;sch v.ortex tube

Proceed nd@¢$4 h I nternat onal Congress on Mach n Rg@&g288



/@ 13th UTIS International Congress on Machining

\“_”_5/ : October 30 to November 2, 2025, Antalya, T URKIYE

UltrasonicVibrationAssistedSustainable Girning of Additively Friction
Stir DeposiedAAG061-T6 Alloy

Yusuf Furkan Yapati, Haydar Livatyaf, James R. CaudfllSarvesha Rajasheké&ralper Uysat

aYildiz Technical University, Department of Mechanical Engineering, Istanbul, 34349, Turkiye
bYildiz Technical University, Department of Mechatronics Engineering, Istanbul, 34349, Tirkiye
‘University of Kentucky, Institute for Sustainable Manufactu(iSi/), Lexington, K¥40506 USA

* Corresponding author. Tek90-506-266-6220; E-mail addressyapan@yildiz.edu.tr

Abstract

The gplication of the additive friction stir depositigAFSD) process has been most advanced in the AA6061 alloy, which luckily has significant
usage in the aerospace industipwever, since AFSD alone does not provide the geometric accuracy or surface finish required for functional
components, machining is needed to provide the desired final geometry, surface finish, and tolerance spedifichgopiesented study,
AA6061 alloy was fabricated by the AFSD method, and for the first time, the conve(@dhaind ultrasonic vibratieassisted turning (UVAT)

of AFSDedand T6 agedAA6061 alloy wasperformedusing three different feed values (0.05, 0.1, and 0.15 mm/rev) under three cutting
environments, including dry, Rangti#ilsch vortex tube (RHVT), and minimum quantity lubrication (MQL) methods, and the cutting
performance was evaluated in terms of cutting force, cutting temperature, and surface rougmessults showed that significant

improvements were achieved in cutting force, cutting temperature and surface roughness due to the synergistic effattbofatiaise of
UVAT and MQL methods.

KeywoAddds :it ve fr ¢t on st r depos t <@ams;s Suetdatmaml eegmach
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Abstract

This study presents a comprehensive expteex meme ad eesxin qur s tl{emxarair @ ni
creasesxtur ed,t eaxntdurdeéidniploen t he performance of cut taildgyt.odMid Iduwrgi re
conducted under varying cutting speeds and feed ratesuglmessg h
and -wedldle) and geometric accuracy (ilniende adraittay waenrde sa noatl ywiedi huese ri
deci-md oinng ( MCDM) met hods (TOPSI'S, COBRA, and FUCA) with sarfa
that textured t oelesx,t upraerdt svcauiiiadriltoya nthley cirmprsoved surface qualit
creasextured tools, the COBRAxmerkadd t-opgd dingereéidtoavoparas | ept i mal
the per-é oh amacecnetgi eplottefx t mirerdot ool s and offer practical guidance
practices.

Key woTlredxst:ur ed cutctr ntgert coaold e cMusl ton mak ng; M 1 ng

l1lntroduct on surface finish and geometric accuracy, is essential for their

_ ) effective implementation in industrial milling processes.
In modern manufacturing, the demand for hggrformance

precision components has driven significant advancements in
cutting tool design. Among these, mieextured cutting inserts
have emerged as a promising innovation for improving the
machinability of aerospace materials, such as titanium and Mat er al s and Methods
aluminum alloys [1,2]. Micrdextures, engineered patterns in . . . .
the form of grooves, dimples, or hybrid structures on the rake Ir_1 t.h's Sec“oﬂ' the e_xpen_menta_ll)_/ appllgd method and the
or flank faces of cutting tools, are designed to alter thgtatlst_lcally applied mukcriteria decisiormaking methods are
tribological interactions athe tool chip and todlworkpiece explained.

interfaces. These surface modifications can lead to reductioEs
in friction, heat generation, and tdohip adhesion, thereby = -

enhancing tool life and cutting performance [3]. In milling  his study employs a fuflactorial experimental approach
operations, which are characterizedigrmittent cutting and 1,5 compares four cutting todhsert configurations as

complex chip formation mechanisms, the use of miextured  .,nyentional noriextured insert, paraligextured insert,
inserts is particularly advantageous. Numerous studies hayg,sstextured insert, and dimplextured (dotted) inserThe
shown that these inserts can significantly reduce cutting forcgs,t,res are shown ifFigure 1. Each texture design was
and cutting temperatures, improve chip floand enhance ye\eloped using CAased software integrated with the laser
surface quality [4]. Moreover, by promoting stable cuttinggystem, allowing precise control over line spacing, orientation,
conditions and minimizing tool wear, mictextured t0ols 54 gimple distribution. The parabxtured insert featured
contribute to improved geometric accuracy and dimensiong|,oa, grooves aligned witthe cutting edge, while the cress

control of the machined components [5]. Despite their growing,y;red insert comprised intersecting grooves forming a grid
adoptian, the performance of miciextured inserts is highly e pattern. The dimpkextured insert included uniformly

dependent on the texture geometry (e.g., shape, orientatiQistriputed micredimples across the rake face. The

depth) and its interaction with the work material and cutting.yentional insert was left untreated to sexse baseline.
conditions. Therefore, a comprehensive understanding of how 5| surface textures were generated on commercially

micro-textured inerts influence key machining outputs, such as,,ilable uncoated carbide inserts using a Ytterb{in)-
doped fiber laser marking system (VizyonJet Laser Marking

Experimental study
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Maching. The Ybfiber laser operates in the neafrared  wall surface roughness, as they directly represent the functional

spectrum (typically ~1064 nm), providing high beam qualitysurface quality of the machined slot. Slot width error (0.20) and

and pulse control suitable for mietexturing applications on linearity error (010) were given relatively lower weights,

hard materials. The laser texturing process was performed in aonsidering that such geometric deviations can generally be

air-cooled environmerat room temperaturgith the following  tolerated within machining allowances compared to surface

parameters: loop count of 25, scanning speed of 175 mm/Bnish. This weighting strategy reflects an industejevant

laser power of 100%, and pulse repetition frequency of 30 kHzrioritization in which surface iegrity plays a dominant role

These conditions were selected based on preliminary trials to evaluating cutting tool performance.

ensure stable ablati@nd reproducibility of surface textures The method applied for the TOPSEpproach is given
The experimental setup is shown in Figure 1. A Dijet brandelow[6].

cutting tool featuring five effective peripheral cutting edges Step 1. Constructing the decision matrix (Bqw is the

and a diameter of 35 mm was utilized. Each tool type is testgoerformance rating of alternativevith respect to criterion

under varying cutting speeds (1100, 1300, and 1500 rev/min)

and feed rées (4000, 4500, and 5000 mm/min) in milling ® E o

operations of AA5083 aluminum alloys using Deckel Maho @ e E @& (1)
DMC1035V 2008 milling machine. A cutting depth approach ® E o

of 4+4+4+1 mm was implemented, resulting in a 13 mm

cumulative depth of cut. Cutting operations weegried out Step 2: The calculation of a decision matrix that is

using cutting fluid containing 2% Belgin boron oil and 98% normalized { ). In this step, the relation shown in .Efjwas

water emulsion. The machining performance is evaluated insed.

terms of base surface roughness, siddl surface roughness, .

geometric accuracy, including linearity error and slot width i w

error. Surface roughness values were measured using Mitutoyo

Surftest SR10 surface roughness tester device, and

dimensional accuracies were measured using Zeiss VAST

XXT model coordinate measurement machine (CMM) Step 3The process of determining the weighteadmalized
decision matrix § ) involves multiplying the normalized
decision matrixi( ) with the weights as shown in E8. The

non-textured parallel variable0 represents the weight assigned tojtheriterion.

Cross dimple

' I mm

Fig. 1.Experimental setup

)

0 03 3)

Step 4: Determining the negative and positive optimal
solution. Within this context, the positive ideal solution is
denoted byd (Equation 4) while the ideal solution that is
negative is denoted iy (Eq. 5).

0 IFAg B"mQd B # 4)

2. Mulctriiteria decision making Eb B Mroa B # (5)

Experimentally obtained results were used to determine Here,B refers to the set of benefit criteria (where higher
surface qualityweighted optimal parameter sets using threevalues are preferable].refers to the set of cost criteria (where
different multicriteria decisiormaking (MCDM) methods, lower values are preferable). This means that for betygfé
namely TOPSIS (Technique for Order of Preference byriteria (@ 6), the positive ideal value is the maximum. For
Similarity to Ideal Solution), OBRA (Comprehensive costtype criteria € 6), the positive ideal value is the
Distance Based Ranking), and FUCA (Faire Un Choiminimum.
Adéquat). The use of multiple algorithms was intended to Step 5:Determining the distance between each alternate
strengthen the reliability of decisianaking, since each solution and the positive ideal solutiddl$) and negative ideal
method has a distinct mathematical structure and sensitivity @olution (NIS). The distance between the ideal solution and the
local vaiations. For example, while TOPSIS and FUCA alternative solution that is positive is represented by the symbol
primarily rely on relative distances and ranking logic to assesy (Eg. 6), while the distance between the ideal solution and
closeness to the ideal solution, COBRA incorporates correctioifie alternative solution that is negative is represented by the
factors that make it more responsive to localized deviations igymbolY (Eq. 7).
specific criteria,such as linearity error. In this evaluation,
higher importance (0.35 each) was assigned to base and side
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(6)

(@)

Step 6:Determination of the closeness coefficiehn) to the
optimal solution In this step, the relation shown in Bqgvas
used.

.‘Y
~N Y 8)

Step 7: Rankin@ potential solutions in descending order

based on their values

The method applied for th€OBRA approach is given
below([7].

Step 1 Form the decision matriXA by establishing the
assessments; of the alternatives (i = 1,..., n) in respect to
criteriaj (j = 1,..., n) following Eq 9. Wherem is the total
number of alternatives considered anigd the total number of
criteria.

o) e E @& 9)
O 8 ©

Step 2 Construct the decision matrix that has been

nor mal i zed.1lQapjEqUlsi ng EQ(q

w | (20)

|
i A

(11)

B 0 | - .

0w ]1 0 s
oY — 5 h Q phB h (15)

Step 5 The following equations can be used to calculate the
distances for each option from the averagmution, the
positive @(AS")) and negative d(AS)) distances from the
positive ideal d(P1S)) and negative ideatl(N1S)) solutions:

QY QOY , QOY Q'VYY (16)
where 0 is the correction c
manner described below, agdstands for any solutiorP(S,

NIS or AS).

, | Aa@oy

0

i EDOY 17
The Euclidian and Taxicab distances, represented by the
symbolsQ'OY andQ"YY , respectively, are for the positive
ideal solution that was found as follows:

Q00 OY 0 0OY0O | (18

Y 0 0 0OY0O | (19

As a result of the following equations, the negative ideal
solution was obtained:

Q06 "O°Y 00OYu | (20

Q"™ 0Y 0 0OYu | (21

In order to calculate the positive distance from the average
solution, the following Equation224 is used:

Step 3 The weighted normalized decision matrix, denoted

by ¥ , can be constructed in the following E2. 0
represents the relative weight of criterjan this context.
y 0 (12)

Step 4 For each criterion function, the positive idel ),
negative ideal NIS) and average solutionA§) were

determined using Equation$8-15. The equations here were

QoS Y t 8 0 | 22
Q"% Y t 00OY0 | (23)
pOBWY 0 | o
TO®Y 0 | (24)

In order to calculate the negative distance from the average

taken as cost functions since it was desired to minimize th?olution the following Equationss227 is used:

criteria.

0OYIEVL | h 17Q pBh (13)
AR~ i A il l‘i‘ ey oL

0OYI A@ | h Q pB (14)
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3 Crosstextured 1500 4000
Q" Y Tt 00°Y0O | (26) COBRA 1  Paralleltextured 1100 4000
2 Crosstextured 1500 4000
mTao®yY v | 3 Crosstextured 1300 4500
OB | (27)
P v \ FUCA 1 Crosstextured 1100 4000
2 Parallettextured 1000 4000
Step 6 The following Equatior28 used to determine the 3 Crosstextured 1300 4500

rank of the alternatives based on the increasing values of the

comprehensive distanced(): The fact that Table 1 shows slight discrepancies between the
algorithms is not unexpected. Such variations occur because
. each method uses different normalization and aggregation
Qo (28) principles. While TOPSIS and FUCA converged toward eross
textured tools as ojbal, COBRA ranked parallebxtured
The method applied for tHeUCA approach is given below  tools higher under lovepeed conditions. This indicates that
(8]- COBRA was more influenced by specific improvements in
Stepl. Creating the decision matrix: The decision ma¥;x geometric accuracy at lower speeds, whereas TOPSIS and
consisting ofalternatives and criteria, is defined as follows. fFyca emphasized overall consistency across afopmance

. . metrics. These differences highlight the importance of applying

w ® (29) multiple algorithms, as convergence strengthens the reliability
of conclusions, and divergence reveals subtle sensitivities that

Herem: number of alternatives, n: number of critexia, a single method could overlook.
value of the-th alternative in thg-th criterion. According to the TOPSIS method, the top three optimal
Step 2. Ranking of solutions for each criterion: For eachparameter sets were exclusively associated with the -cross
criterion, the best value is assigned to 1 and the worst valuesxtyred tool, indicating its consistent performance across
assigned to rown. If the criterion direction is maximization, {ifferent feed and speed combinations. This suggests that
the best value is the largest value in the column, otherwise t'l@osstexturing may haveantributed to reductions in friction
best value is the smallest value in the column. and tooi chip adhesion, thereby enhancing surface finish and
Step 3. A weighted sum is calculated for each optimumgjmensional accuracy [3].
solution. A weighted sum (i) is calculated for each alternative Similarly, FUCA also ranked the cretsxtured tool as the
solution. Here,iods the solution degree for targetj. The st optimal (Rank 1), although it also recognized the
solution with the smallesbais the recommended optimum effectiveness of the parahextured tool in its secordest
solution. solution. This supports the notion that both cr@ssl parallel
textured toolexhibit enhanced tribological behavior, possibly
due to improved lubrication retention and friction reduction.

0 [ (30) On the other hand, the COBRA method ranked a parallel
textured tool with a cutting speed of 1100 rev/min and feed rate
of 4000 mm/min as the most favorable combination. This

3Results and D scuss on divergence from the TOPSIS and FUCA results suggests that

. . the COBRA method may hmore sensitive to local variations
Table 1 presents the top three ranked cutting conditions §$ gpecific performance metrics, such as linearity error of side

determined by three distinstirface qualityweightedMCDM wall roughness, where the paraltektured tool may
techniques: TOPSIS, COBRA, and FUCA. The evaluatiorbutperform unde,r lower cutting speeds
criteria considered in the MCDM models include slot width Notably, the crossextured tool appéared in the top three
error, linearity error, base surface roughness, andvealle 55 across all MCDM methods, underscoring its overall
surface roughness. The cutting tool texture, cutting speed, apdy, stness and versatility in delivering quality surface
feed rate serd as the decision variablés shownin Table 1, ;tcomes. The repeated appearance of cutting speeds between
all three MCDM methods yielded consistent trends in favorlnngoO- 1500 rev/min and fd rates at or below 4500 mm/min
text_ured t_ools, parFicuIa_rIy osstextured an_d parallebxtured among the optimal sets suggests that moderate to low cutting
variants, in achieving higher surface quality. conditions are more favorable for achieving highality
surfaces with textured tools.

Figure 2 illustrates a radar chart comparing the best and
worst cutting conditions identified by the MCDM methods in

Table 1.Ranked and selected MCDM results

MCDM Rank Cutting Tool Cutting Speed Feed Rate

(rev/min) (mm/min) .. ..
PSS . : < 300 2000 terms of four critical machining response parameters: slot
rosstexture width error (%), linearity error (%), base surface roughness
Crosstextured 1300 4500 (Ra, um), and sidevall surface roughness (Ra, um). These
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metrics collectively reflect both dimensional accuracy anc Linearity Error (%)
surface integrity, which are essential performance indicators i 4

precision slot milling operations.

Among the besperforming conditions, the configuration
labeled Crosgextured, 1300 rev/min, 4000 mm/min (red line)
exhibits neafow valuesin all four quality indicators. This
suggests superior control over bafpometricaccuracy (low

slot width and linearity errors) and surface finish (low Ra

values). The effectiveness of this configuration can be
attributed to the tribological and thermal mechanissash as
improved lubrication retention, reduction in frictional contact
and thermal regulatiof®]. The texture simultaneously slashes
tool-chip friction by minimizing contact area and introducing
micro-pooling of lubricants (even if just airbae), resulting in

lower cutting forces and temperatures. This cooler, low frictior

0.8 U6~__0.4\\

(%) 1011 YPPIM 10]S

Side-wall Surface Roughness (um)

cutting environment means less buifi edge and adhesive 1.0/

wear, preserving a sharp cutting edge. Consequently, the tc
maintains its integrity and cutting geometry far den 1.2

avoiding catastrophic failures and producing consistent cut: £

These mechanisms synergistically lead to smoother surfa ’

finishes on both the slot base and side walls, as well as super Base Surface Roughness (um)

slot geometry accuracy. The walls are cut straight and true, ai

the slot width remains close to nominal due to reduced toc
deflection and wear. Scientific studies and machining

experiments confirm these benefits: textured tools (especial
crosshatched designs) show measurable reductions in surfa
roughness (over@®b improvement in Ra) and significant drops
in cutting forces and tool wear compared to untextured tool
[10]. In practical terms, using a crewxtured cutting tool for
aluminum slot milling means achieving higjaality, smooth
surfaces and precision démsions with greater ease and
reliability. This makes crosexturing a promising strategy for

improving machining outcomes in industries that demand both Similarly

=8 Cross-textured, 1300 rev/min, 4000 mm/min
—@— Parallel-textured, 1100 rev/min, 4000 mm/min

| ==t Cross-textured, 1100 rev/min, 4000 mm/min

Best
Conditions

-Non-textured, 1500 rev/min, 5000 mm/min
Dimple-textured, 1500 rev/min, 4500 mm/min
==& Dimple-textured, 1300 rev/min, 5000 mm/min

Worst
Conditions

Fig. 2. Radar chart comparison of machining performance indicators

the parallel texture, 1100 rpm, 4000 mm/min

surface integrity and accuracy, all while potentially extendinque line), is also competitive, particularly with mininsbt

tool life and enabling sustainability

Proceed nd@¢$4 h I nternat onal

width error. Although it lags slightly in base surface roughness
and slot width error compared to the crtsstured tool, it
remains a quality cutting condition in linearity and svdal
surface roughness, where linear chip flow paths are beneficial.
In contrast, the worgierforming configurations such as
non-textured, 1500 rev/min, 5000 mm/min (purple line) and
Dimple-textured, 130€L500 rev/min, 4506000 mm/min
(cyan and yellow lines) show significant deviations in all
response metricsDimple-textured cutting tools can fail to
deliver benefitsi or even perform worse than conventional
toolsi if certain factors are not properly accounted for. An
inappropriate dimple geometry or placement can introduce
derivative cutting of the chip, cang increasd friction,
cutting forces, heat generation, and accelerated tool [d@jr
Dimples placed too near the cutting edge may weaken the tool,
while those too far away have little effect, leading to
suboptimal result§l1]. Cutting fluid interactions play a vital
role: without lubrication, dimples often become craters of chip
adhesion, resulting in higher friction and poor surface finish
[12]. Adequate lubrication (or specialized coolant delivery) is
needed to realize the adfitiction potential of textures,ral in
cases of higipressure coolant, textures may add no advantage
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Abstract

In the machining industry, cutting tools constit wtsemagae ifgriafribd
tools, regrinding is commonly applied. The nrddogrgi nidisn gwoprrno cseusrsf
tool to be reused multiple times. In conventional pmBetiacfesall
regrinds are either determinedl desiromgbadediontmanuasletiups pdhatsieo
the process. These approaches | imit the effici ennctyi alf Itihfee srpeagm,
dependency on whhuintahn njauyd glmeeandt ,t o errors and time | osses.

The object ve of th s project O6speéo f ndalglryatWwWh tmagdet ghiwecdessisreen

wear and determ ne the opt mal gr nd ng allowdmncaeppooacelacénal
eff ¢ ent and custom zed regr nd ng, ncrea&s ot @ tctoanatl,a clt o fiBeD wnhe al
ensures prec se and repeatabl e wear deatteomtn om w otoH o una ncdhagreare nrt g
KeywoQudg: ng tool s, Regr nd ng, Tool wear, | mage ,prSucsetsas nnagh, |C
¥zet

Tal akl e mal at sekt°r¢gnde kes ¢ takémlar, toplam kreentl amémale ky
°mr ¢n¢g uzatmak amacéyla uygulanan b | eme Kl em ,ramakt@Eenk ga&m mled I
ol anak tanér. Mevcut wuygul amal arda, b |l eme séraséeéndasabébhabak
ol arak bel rlenmekte ya da proses esnaceéettaklaenrt akémeerl mrkhm
s¢rec n n ver ml I 7 n sénérl andér makt a, takém °mr¢sgaésgnnepatnanl
hat al aré& artérmaktader.

Bu proje, akénma m ktaréné °l]l-mek ve her takeém - nnoptzenal bl
|l kék Enterferometr s (WLI) y°ntem nden faydal anmlayébamaykbkamd
s¢rec sajlayarak takeém °mr¢gng uzatéer ve mal yetl er adk&npmgg é
hassas ve tekrarlanab | r kek | de, takémamzmderd vjertmeldleek meys p
Anahtar :kes fcmetakém, B | eme Kl em ;BeQPaz nltk,é k kH reSreger, fl glragkdeanb ralk:
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Abstract

I'n s$hud WWCHTI t wall ed emahdbonoe h-amanMdle g @L ANM rt ex tube ¢
met hods were employed f orundiede dmiflfleirreqnt o fc uTTiud Alg7rE\Necs gl dye
and 60 m/ mial)Fand8f ed8d10, .dhe Pet2ommamee) of t he machinir
of cutting force, cutting temper &henecompafadetoocghrnests
N-MQL met hopsdt damednmroatvwaebehsent t i ng in reductions in cutt,ing

and enhancements viadln aofsabaaé¢ rAdAEd h v&M@Lol gye dsemalt leeGo ncvheirps.e |
Vortex tube method showed the greatest effectiveness 1in

nearly 23B%ttho t he% MARCOS and Taguchi S/ Nompée t mads cwdst eamgimp
condi MARGO®S and Taguchi S/'N indicated that vortex cool ir
machining per -MQLesmudda,edwhinl esuNeri or performancd iwmiitshh r es

KeywoS dsse m | | ng; Vortex tube; Nanoflu d; MQL; T 6AIl 7Nb;
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Examination of EDMParameters ourfaceRoughness
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Abstract

Surface roughness
mach n ng method a
by selected mach n
mach ned surface (¢
outputs (Ra, Rz) .
decreases very sl g
ncreases.

KeywobBDRMS:ur f ace ;Machhnesg parameters

s a v tal mach n ng output whé&mowat maodcat
d w dely used for prec se part ymameurffacrtmrng
ng parameters such as current (84, 4D6A%)
al
t
h

(o]

B U

ty was exam ned. I tf fweacst onnv etswo gat fefde rt eh
was observed that the currentugktaeeal bug
tly as thedpuhae bDhetemesvalwuerynsmeaellkedec

1l ntroduct on By eliminating materi al thrc

mai nly used

. t
The constraints of trad|t|n9antaelr|n&a1nufmctturg| égate"beere%ocqu|erb

L

been exposed in today's inddLﬁStrh'aarlgesarbdeﬁ%aeé% BY .+ b0 9r &
ed &y

complexity of product geome\,\}hrllceh arrL‘eQ&nﬂ’rﬁe

b é’étmrei”éif

accurfacy, and t he exten5|vrﬁec%%%lsr{] orpodEeDr ??9&/”%%{0%'?19
material s. é:tomwcéswtobnabmmV|rﬂ‘9| tmated ea\}a oSruaCthe as a resul
turning, m|II|ng,. dr|II|ng,,{o nde,Q)rO'On A'Cr&g’prroedluyce_anbgﬁe%%
energy and need direct conta&éalblegé/vgegqs] Qﬁwﬁ| rh‘%‘?\'o%%etahne(
cutting tool . However, when working wi materials that
uni que features, ndhdig,h drartdeenper at ot
sensitivity, these techniques fr o short.
constraints have led to the devel <~ %™ sonventio
manufacturing techniques, a class T‘__Fl: es that 1
materi al without the need for me ¢ Work s ct by us
electrical, ther mal , chemical, or gy sourc
[2] . = w‘

lonized
Regardless of the mechanical st \ e e dness of
electrically <conductive materials Q”,‘n'd,_i"ivg‘ )e preci e
machined wusing Electrical Di schar ™™ e ( EDM) , a

wekhown-t maadi ti onal manufactyédm@ncteec(hfnitqw@.pﬁ@J@@@@, wh i

Priestl ey idniEtDiMalilny 1p/r7dp casfeeejre chter jrce aflji gledd pgh@ducti on

p

electrical di scharges had @ghne akluops,i Vé&n di MPeapCrti soOne v @mae @k i

However, it wasn't unt il 1 9c4a3p atch aty Spfvi b MsS qioe ng d rsft sc tB.
N. | . Lazarenko created the {Witprodui thbheainkeikca b alRDN sS ydsutee m, o
mar ked the practfi cBOIBM.i[mpilreemgediRed ®mMc Os .

EDM has developed into a key method wutilized in vari e
sectors, including die and mold" "fahuf@¥(PJpree Sblvié?n "fil ¢
applications, aut4dgmotive, and aerospace |
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As a measure of surface affected the stirfiace @uylthessnkBige hshaws theg=DMjroaahine t
surface roughness (Ra) s ausedmth@exraemmeﬁtactor that determ n
success of EDM. I n EDM, d schar ’—r 1 ng pe
current -on pt) ,mep ulTsoeh ¥ , tameé pPTbE e

a s gmt f mpact on surface qual = mov al
rate ( MRR) s often mproved bym\ nergy
surface qgual ty s degraded b s ze ¢
th ckness of5the recast |layer [§

Apart from studies centered ob ke Al S|
1050 steel have garnered intere advant
qualities for enganbeni sageabewi

0.50% carbon, Al SI 1050 offers > t oughi
andsirset ance t o wear ,-t reesapteecdi.al | § Fy.h. AOM HC1066 @NE EDM Machine
addition to ordinary mechanical components that are subj e
to moderate stress, it is ex tnethisssiudyeAlS) 1050stegl was gised as ihe wqrkpigcm o t

like shafts and gears. |ts M. Pegr tout!?et BOMe process, ithe prorkpigee was, 4 |

up oft efeamdi pearlite, of fer ubjgcte(é]z)o %g” fn9< opgrfmon g | p(TWr(? 't for trﬁad
. . . . ex erime tF|% Shows the f’-\ISI 1050 stee workrplece
ductility, which makes it 8 res

t hat |l ooks at b@:tomvtemadlomlad)nalec

(7 .

Al'l things considered, EDM r ema 1d essent
procedur e i n contemporary prec - ng. To
maxi mi ze productivity and sur f horough
understanding of t he interacti hining
parameters and snetasearryes pWintshe -
emphasi s on surface roughness ent EDM
configurations and compl ementi ni{ h other
engineering material s, this res %, 20 invest
these correlations in greater detail.

Fig. 3. AISI 1050 Steel Workpiece
2Exper ment al Study Copper sheet conta n ng 99. 9¢
435 and TS EN 1652 standards \

This exp_erimentwas conducted on the HCM HC1060 C_NCé| ectrode area was m lled to
EDM machine. Hattek's EDM ULTRA was used as the cuttin xper ment. Dur ng the exper n
fluid. This cutting fluid is produced to be suitable for graphite
and copper electrodes. ItlsaIowwscosﬂyelectroeros,lonflwa he m Ihl nreg amacer each exper mn
with superior oidation stability and flash point. order to el m nate electrode w

Various studies have been conducted on EDM parametefsX P €r ment . S nce a total of
that affect surface roughness and quality. It has beehhe sharpen ng process was caf
determined that it is not easy to adjust these EDM parametensa c h n e . Ma5s tmaatle crhe Mias used
in possible varieties and values for better surface quality. Whemach ne. The sharpen ng procesc

literature researchnd various articles are examined, it is seen
that the most effective parameters are current, pulse on time
(Ton), time interval (Toff) and material. Considering the
previous studies conducted in this experiment and the
automatic parameter assignmentsh& machine on which the
experiment was performed, EDM parameters current (8A,
16A), pulse on time (200us,300us,400us), time interval
(200ps,300ps,400ps) were select8cH]. A total of 2 different
current, 3 pulse on time and time interval values were selected
in the experiment and 18 experiments were conducted. As a
result of the experiments, it was examined how the parameters
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F g. 6. Surface Roughness Me

3Exper ment al Results and D s
In the exper ment, f rstly
Fig. 4. Electrode Milling Process wer e procsagsgfeacte Mt n sh qual

F . shows the EDM process ofex%ewormlgp,t%cq\,em%d%eqffOAIm%Id n
1050 steHdM oHC1lOBEDMN@acThheng. fferent current, pul swepa
cutdepgh for each exper mengewvgcst@@_leggﬁgra%a%hmrﬁ\.ng pa.
tak ng tghevewaatuwetsaml y by the
constant parameters are takei
Work ng T me (WT)=1 ms, Jump
Servo Polar ty (SP)=70, Serv
( GAP) =6 0 mm. F g. fTomshdhwsedtome
of the EDM mach ne.

‘l‘v

o000

3
5w -ioioy

F g. 5. Electr cal D scharge Mach

The surface roughness of our wo ured w t
the M tutoyd1l0'SuPdntteashl|l eSIJSurface Roughness

Measur ng Dev cewerRa @awmam Rrzedvalmetshe

measurement. For each exper ment, F e suEPM Mech ®a ghomé sasl
measuredaBdttimesaverage value was taken. Wh | e

mak ng the ®memasUr&msenasds0m were

taken for the crutt lod fddwngd hshlestatic mmgsb.e Fsegeen 6.n Table 1, w

shows t e wagl mesasured w th ftoluemdsurnf atclke rexpgpéenemsent . Acc

measur ng dev ce. observed that the Ra-l12alg@8 vV
and the Rz value -&@G.r2m26 Alsettw
value f @oughwmrefsasce ncreases, a
occur s.
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Table 1. The experimental results of the experiments. a2 Vel or Diferent Plen €n Time (for) - _::L‘:‘:"‘""“’""'"‘"'"‘"""“""“"“
Experiment Current(A) Ton(s) Toff Rag& M RzE m F“’ﬁ RS fa0
No. (k) e — ool o L]
1 16 300 300 11488  49.506 T =
2 16 200 200 11.957  52.842 %m §
3 16 300 200 11.742  52.300 e N Y
4 16 200 300 11510  51.380 R e 50@“w“aﬂ“@“@:j:;t:uf“»ﬂ“w@“.w“
5 300 300 8578 40.649 e e e T T e e e e
6 200 200 8657  41.203 guel | | '

7 300 200 8358 38919 fer | Ll ]

8 200 300 8.826 41.267 En !

9 16 400 400 12.888  60.226 buo -

10 16 400 300 11793  55.045 e = e

11 16 300 400 12297  57.607 e A b i dAasadig

o vt Ot i e s s o i T

12 16 200 400 11751  53.225 P T == 1]

13 16 400 200 12031  55.358 [rmex ] A = .

14 8 400 400 8232  38.464 i | pm =

15 8 400 300 8214  38.924 ius . £

16 8 300 400 8383  38.889 ool B =t
wa 1 o IS I —

17 8 200 400 7985 38476 VNSESsessmmmRl | Sses=====d

18 8 400 200 7.939  37.826 T T )

When Tabées &xam ned, t S Fcg ewwr kpt kad Sunfcarce aBoubness Val i
the current value def n t vely ncreases the surface rou
val ue.

Ra and Rz Values for Different Time Interval (Toff) Ra and Rz Values for Different Time interval (Taff)
650 [ [ Averagn fial BEL = Ao R
Exam n ng tdue reapud et @ms t o s = _oof o]
Zasn Tan » 200 us € 550 LLUGEL -
- £ w0
antd me nterval (Toff), t i~ g t he
Easol amm armmr e § Col awss o8 ma |
i -——-.__________- %0 — .
mpact on surface roughnessém
€ 300 w 00
iz” & 25.0]
s 3 Bao
F 8andE gsh@8twhe resulword&gmpanp:=
sur f o @ h xwael suse s n d fferent i — -
PRI PRI
t me nterval (Toff). T e vane Y v
Ra and Rz Values for Different Time interval (Teff) ; mwkvalun‘mrn_lmm_m I1m- \:‘hn_ﬂl nfm] :
85.0 | | =@ Avorma fia| 1 Mot —.—me rage R
s | L Aerge e pr—ryy ] =T Ampess = 164
- Ton =400 ps 1 E_‘a:,, Tan =200 4=
§we | ol e [ o
4 £ + '___—ﬁ———__‘_-'
I P s il
gl e i
B> ] |
|
B I
SRR b B nuz‘ (151- 11.967 11.510 11,781
Ty gy ‘;a JEyyTyegrgegegrgege
Tolf Vialues (us) Talrvalues (]
Ra and Rz Values for Differant Tima intarval (Tolf) Rea and Rz Values for Different Time interval (Toff)
—8— nmrage Ra ————
= El Ampars = 16 A - [ [‘WTI
€ map Tom = 300 s E | Ton = 400 us
800+ 57,607 w == .
7| E—— Buof
{3"5«.:- a0, %x:—
& 45| L
gl
&% a ma|
L B!
mar e gue g™ b gz s m
| B B o} e ———
Eyyegeyeyrryegegeye EEyeyEyeyeycycycyeycycy
Toll Values (ps) Tl Vialuess (us)

F .9 Workp ece Surface RDBDuménlestseVah
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T As the current ncreases,
wor.kp ece creases songn
The effect of the current on Sturnﬁeacaenofot“grhé‘esr?téfvra\§alogb\§5
when the Pulse on T me and t mepcrMetaesevsd ! o vV alguees eWghed K
constant . I n each gramphyghnesssopeenvddat the surface
ncreases when the current f clrte a sse ss efernomh &8t aanplkee tet etro
amper e. current s reduced. Wh e n
des red, t he current sho

The effect of Pul se on t me whmens uwrdfjaucse mgughrexsur was
exam ned when the Current and tPrnPeC € sSnSt erQv atl Mvea | auBetlso etk eed

constant. AnFegam8mat som osfl 1gﬁht{e odv@ckr€ghy | nto cons der at
decreasasurfaceasr aui@h npeusksa b u @ n ftrﬂegié"am the pulse on t
ner m f BIOQOMhen th | parna etrﬁers have | ess ef f
creases ©0 € e pu Sesuorfaceequal ty, the maghn
val urecreasessmt oomdn@B80a0 sl ght decgkeedsS€ nto cons derat on
pers sEsgwm&8itdéethe current val uent esr vhagd fa ncdo mpsull asret
at 8 amperesns Hpwefcaamaansta ur f ac e
roughmesssbserved walknmet heg kbekdeabdbnstant
at 16 amperes. Acknowledgements
The effect of T me ntervatTheomustubtagceouwlod glhniees st ow at st
exam ned when the Current akRd Pul&etambtulmeTyakugs)wemheat
constant. Wh en s exam ned,suppor s tplhe seger tnPe ngxad mrreeq u
separate evalwuat ons for the t me nterval val ue: one |
s tuat onrwhtenvaheecus f xed at 8 amperes and one
for the s tuat on when the current value s f xed at 16
References
It S observed that when the current value s 8 ampere
the t me nterval smabu@mDO0n d:]”é %gr%cgcte% F. (ﬂ.9§7)0l\+?.ptra§ti9nﬁ manufacturing processes. Marcel
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4. Conclusion

mportanmtadnbnonal manuf act ur surigcg roughpess intFEMdpigool steef- Jougal of Maferials Processing
Technology, 191, 14'114f1.

preferred n many ndustfg]esY,amanncS_ud& Ne% ks P oor_’negzocz%g.
appl cat ons, automot ve, ae pdaSefriod Rrfac@rduginessTidulnalof ABEBsh MaauBadurihg
due to ts wusab | twd Base nfPeeing 12y metr es a

mach n ng hard mater al s. Th s exper ment al study exam
how EDM parameters affect the surface roughness of AI S
1050 carbon steel. The results of th s study are as foll
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Datba i ven Opti mization of the Surf
Depending on CNC Turning P
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Abstract

This study -tbrriesemtfsr amavadrak f or optcmidi hgr munfg@eE@ncoudibpesgi og

factori al experiment al design with three |l evels for eedacdcatpaarvae
model ed usfiumge tdiosmtailndtypes by emuletsisploen m@mliricm@ddret b earcRé ed &f fae 5 @
regions of cowdar & op mi olgj paummcche asuncti on, while responses of Rz
constraints dModhnfi egdiSi emug mbad ddldgh-Mend Di f ferenti al Evolution, a
were used to solve optimization probl em. Robustness odt imogd eCNC

machining of cold forming punchx.peReasmelnttsalr eowe acloerde st haarte mond egloiordg
The suggested method shows great promise for adoptionprecbsbkonr
industries.

KeywoGNG :turn ng,; smordfeade tnrgopuogna;n ensascch ne | earn ng.
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Abstract

Yéeéksek mukavemet | havaceéel ék al akémlarénén talakl é i ma
Bu akénma, y¢zey kalitesinde d¢kKge¢k, boyut sal sapmal ar ,
yol acabilmek e d i r . Gel eneksel takém durumu izleme (TCM) si st
ger-ek zamanl & analiz kapasitesinden yoksundur. Bu dur
ortaya koymaktadékl Buhaabeema#édaj mataltl s¢gre-l erinin ger
tezg©hl aréna entegre edilebilecek yapay zek© tabanl e
uygul ama kolayl @] é nedeni yél ealdgoglraundaa nt e°kln-i cknhleerri nyee roidnaek |
mili ve tabla ¢zerine yerlextirilen titrekim sens®rl er.]
-eKi tl sens®rlerle -0k kanalda@j rveedan tg°pz laenmiéexnt eeme yEd rd €
ger-ek zamanl é tahmini i-in yapay sinir ajé (YSA) mode
ver.i seti kull aneéel arak ¢ - farkl é& veri abti tkipane&s + ( lod W
Mar quardt , Bayesian Regul arization ve Scaled Conjugate
toplamda 27 farkleée senaryo analiz edilmiktir. Sogu-1ar,
Mar quardt algoritmasénén en y¢ksek tahmin bakar éséneée ¢
yéksek korelasyon katsayésé ile takém akénmaséneée y¢ksel
bakéem sitnreat®enjeinileir kat kél ar sunmakt a; planséz duruxkl ar é
ni hai srén kalitesini artérmaktadeér. Bu -al ékma, akell e
i mal at ortaml asttekllai ytaprad giektOemleer i nin entegrasyonu a-
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EBM Ve SLM Yontemiil e | r &i6AI4V kalzemesinin Delik Delme
¥zelli kl erinin Deneysel A
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Kkma, katmanl é& ¢ret m teknoloj s yle (SLM ve EBM) kgretelllnm
ekted r. Ekl emel mal at y°ntemler yle ¢(ygzey ekalpatresal a
|l er neden yle genell kl e geleneksel f n Kk I Kjl enmd eda nre -
y°ntemler ve farklZ2emesgtnmnpaklaeeebel erl J lme ¢ ve
etk |l er ne da r -al é&kmalar sénérl éedér. Bu - &l)ékmdda,n él
T 6Al 4V parklaé¢mreryrzegemdekl ekt tt | chekmer. Kk m | heze
jé, ve yuvarlakléek ¢zer ndek etk ler eteimepmr amet r e
erekse de farklée del k del me parametrel er nmuwukt(wkre.s me
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Anaht ar :KeTl [6meldew; SL M; EBM; del k del me; ekl emel mal at

Abstract

Th s study nvest gates the mach nab | ty characterpsodesedfud
add t ve manufactur ng technolog es (SLM and EBM)agdédl bhobgbhpge
complex ty, they often requ re convent onal f n shemg @aper at udn
terature on the mach nab | ty ofoBuTh6pla4Vsproceseadchs fogud f
ess parameters, as well as the r effects on mashweregpeuf oo
|l 4V samples producedeby E€8Mumetdr Sd Menmneasr qiyy dlerdfd er es (VEDs)
dl e speed and feed rate on cutt ng forces, surfacde ffeugemn
factur ng methogsn@EBMododt SbM) pavameters (d fferent VEDS),
rate) on the mach nab | ty of T 6Al 4V was reveal ed.

Key woTridesAl 4V; SLM; EBM; drilling; additive manufacturing

16 r K sebeb yet vermekted r [2,3].
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ilerleme vs Kuvvet
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Ilerleme vs Tork

Tabl o 2. Kesme Kkokul _seoof
é 5,001 T o
Kesme Hézeé Kl erl eme ( % 400} - Eom- somi
40, 50, 60 0.10, 0.15, 0.20 2,00
2,00
3Deneysel ¢al ek ma 100}
3.Mesme kuvveti ve tork "o lerteme Gamidewt 020
kek | 26de 50 m/dk ve 60 m/dl!<(ek||e zyapz(bél)?rkegﬁ]é ||<<uvdvee|tme
s¢res nce kes me kuvvet vV e t or k sonu-1Ilaré her k iret
y°ntem | e sret Im « T 6AI 4V mal zeme -n ver I m kt r
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Girig Parlizltlugd Gikis PUrlzlGiGga ) 0'20 1'46 1’64 1,20 1,55

3.Bel ik -aplare

Yizey ParizIalaga (Ra, umh

Numuneler n g r K ve -ékeéexk ¢k
farkle del k - n opt k m kr
o Heteme e e Hereme (e o dejerler Tabl o 506te payl akeéel

€Y sapmasé g tt k-e artarken kes
260 Girig Puruzlulagu ) lC\k\S Puruzlulugu . aza I rmé K t é

114444
Thebie

Tablo 5. 10 farklé del J n

EBM SLM
Numune Giri ¢éke Giri ¢éeke
# (mm) (mm) (mm) (mm)
(b) 1 6,796 6,804 6,824 6,825
kek | 3. (a) EBM ve (b) SLM naamunegd80er 682k 686r &79%e - &

del kler n n y¢zey pereBl o1 68¥0er 6,813 6,809 6,809

Tabl o 3. EBM numunel er n n del k g r kK ve -ékéxklaréndak
vyézey péréezl ¢l ¢k dejerler
EBM 4Sonu-1ar
Numune Kl erl e Desz)ik De6lome EBM ve SLM | e farkl é ener |
# (mm/dev) GircekGirtek numunel er n del k del me Kl e
010 099 114 106 086 l er |l eme | e kesme kuvvet
1 0,15 1,31 1,09 1,43 1,09 g°zlemlenm Kt r. B r kar kél
0,20 150 143 1,15 1,17 par amet r e6l 0eBrONS bfsh e5-9N m) e ¢r
, 812 1421;1 igg igg 128 numunel er ~4 5-6n0 INE Biviv e(2-3 Nm)
' ' ' ' ' numunel er ne g°re daha y ¢ K s
gig igi 12673 12‘11 13? numunel er n n y¢iksek ener j
3 0,15 157 162 155 180 &~ &klanab I r.
0,20 1,18 1,47 146 154
Tabl o 4. SLM numuneler n n del k g r kK ve -ékeéexklareéendak

yézey peéerézl gl ¢k dejerler

SLM

Numune Kl erl e Del ik Del me

# (rinm/dev) . 50 _ . 60 _
Gircek Gir ¢éek
0,10 1,75 159 121 1,86
1 0,15 2,17 135 2,05 1,67
0,20 2,18 254 195 2,24
0,10 1,29 1,39 1,26 1,37
2 0,15 1,59 1,75 1,38 1,73
0,20 1,77 2,07 165 1,95
3 0,10 1,70 1,83 1,68 1,36
0,15 1,48 1,42 1,64 1,45
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'MAPN oup, TUGA, Tehran, | ran

Corr espondsianngi kAwanh@irust . ac. ir

Abstract

GTD450 alloyis extensively used in aerospace and turbine manufacturing due to its superior mechanical
properties and corrosion resistance. Howevepdts machinabilitremains a major concern, compounded by

the limited research on optimal cutting aobrication conditions in the open literature, which necessitates further
investigations into the machinability of this material. With growing environmental awareness, sustainable
machining techniques such m@imum quantity lubrication (MQLhave emergedhowever, no prior studies

have investigated the effectiveness of MQL for the GTD450. This study addresses this gap by
conductingprecision machining experimenisder MQL conditions, evaluating machinability and optimizing
multiple responses. Ab25 Tagudi orthogonal arrayas employed to test parameters suchilasoncentration

(C), cutting speed (Vc), feed rate (f), depth of cut (Ap), and fluid pressure. Key performance indlicadtesial
removal rate (MRR), flank wear, and average surface roughrika® (vere analyzed and optimized
usingTaguchibased gray relational analysis (GRA). The optimal combinatibs® concentration, 900 mm/min

feed rate, 180 m/min cutting speed, 1.5 mm depth of cut, and 10 bar pdeg®ided a38.8% improvement in

gray relatonal grade (GRG), significantly enhancing surface finish and tool life. Additiorrabponse surface
regression modelsere developed to predict machining performance. This researchfisthie explore MQL:
assisted machining of GTD450, providing wale insights for industry applications. The findings are already
being implemented in manufacturing, demonstrating their practical relevance.

KeywoiGd®450m n mum quant tgurlfudbaoe crndugpmme sdBRL ) BRIl ank ow
anal ysi s

1l ntroduct on t he mechan cal and ther mal

superall oy, mach n ng th s
GTD450 mastans t chapden IU'cg’htaaltleor{]ges. Desp te the exte
sta nless steel [ 1] w thmg(g(l,ﬁ:erptné)n&f[g scmpaérraacIEISOrysasbdcg
nclud ng good corros 0N | Fa8sS, SPQBB?te gohnsttrheengrﬁffctff‘t
temperatures bel ow 5010 A%’upaenrdalhlogyhs.to'T‘HhEessnd cates
It s w dely used novar eosuesarc'ﬂdu%t rG'IIeD|S45talue?na:&Jﬂrm%r§g
excellent mechan cal an\%hetnherewwiropnrmoepnetratl €S ssuyes
part cularly n the prOdLiCmtpoorr{a%fcel,etpre§cge§sesoﬁ?gmgﬁi
turb nfe2plard salloy S Sup%\??‘gulfglrlwagﬁanificant N €
cond t ons due to ts h gihnctreenépseirnagtlwre Caorlndsicdoerrreods qn
res stance. The un que ccohnasruan(fptteirons,t ecnsha?ntze topesrato
mater al ncl ude h gh h?%tavéﬁgn%éﬁpce()necoorfrOtsheosne m
res stance, and[mBecHErspcale propert es
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met hod, which is pri mar i fallout of the discharged aerosol, and the mistl n
MQL machining, tiny amo unproducedcontainslargerdropletsthan droplets fiome d
during the machining pr o external MQL[21]. The researchers concluded thatd i nt c
the cutting area at v er ythe dualchannel internal MQL system is the mokte | p s
reduce the temperatur e ieffective method among the aforementioaed d
priodes | ubr i c[a&,i o%h ipg otpea methodd22].
has been specifically d )
industrial oil consumpt.i ing
effi clileOncylGClilven t hat a |
cutting oil s i s wasted 'I\E/lrgtla_rnal es,
l eading to environment al / mi zed
met hods such as MQL is ¢MQL | e
and effec|l24] Sohaei bingh (System on 1 n Canventi
the cutting zone generates a s NExternal nal nozzlg unt of
hgaF, it ac.celerate.s .the wear r |[MQL Ejector tool Iif
limits cutting conditions, and necessi tlhozzle he use o
highohal ity culbJMQ@L icnasnerrtesiuce or
even eliminate heat and temperature in t he cutti ng
zohe6]Reported research studi 1CI hfw t Lsvster 1 s
met hod can increase tool Flu%e assuﬁluno ngsemypesnd
1 I v DAnannrvr
L mpr PV © .t h e_ surface qua Sarma et aI [23] optlmlzed the machining of ed .
studies indicate that <co S wi th
‘he MO L ftechni o 0Dt Ti6AI4V when using MQL. Parametric analySis
erfor rga hee uuclli(tqnlij mat redp _showed that feed has the most significant effect on
P Avironm t1’7l 18 9 ¢ g/‘Ra, followed by cutting speed and depth of cut.
€ ° e ntiarl, Hacts Jouini[13]optimized the machining of turning using
MQL. Multi-objective optimization using gray
Overview of MQL systems relational analysis (GRA) identified the optimal
machining parameters for AlSI 4340 alloy steel hard
A commercial MQL system typically consists of  turning asV =300 m/min, f =0.05 mm/rev, and doc
five main components: an air compressor, a cutting = 0.1 mm. Subsequdy, the Cryo+MQL technique
fluid reservoir, pipes, a flow control system, and a ~ was applied to these parameters. It yielded
spray nozzI|9]. The types and classification of  sjgnificant improvements, with a 48% reduction in
MQL systems are shown in surface roughness and a 184.5% increase in tool life,
which was attributed to improved lubrication and
cooling efficiency. However, a&light increase of
4.6% in cutting force was observed, probably due to
the surface hardening caused by the-temperature
Figure Zeilmann and  Weingaertner[20] LN2 cooling. Furthermore, .reducw.]g tool sticking
. . . and breakage at the main cutting edge under
investigated the machining performance of external " o 4
. . ) . Cryo+MQL conditions justifies the super surface
and internal MQL drilling on FBAI-4V titanium . . . .
i . quality and increased tool life. This research
alloy by measuring the drilling temperature. They . . . .
. - . highlights the industrial importance of hybrid
reported that internal MQL drilling resulted in a 50% S . .
: . lubrication in addressing the challenges associated
lower maximum temperature rise compared to . ) .
L with hardturning processes. Liu et §P4]. The
externalMQL. This is due to the lack of aerosol . .
. . . . results suggest that, using MQL, the contributions of
penetration into the hole during the machining i ) .
cutting speed and air pressure to the dust particle
process. On the other hand, the short aerosol travel .
. . : . diameter were 54.62% and 25.34%, respectively.
distance of a duathannel internal MQL gives it an _ ) :
. . . Increasing air pressure increased the overall
advantage because the oil and pressurized air are . . : . .
: . . . proportion of dust particles with diameters in the
mixed close tdhe cutting tool, causing the mixture ,
; . 25510 em range, from 88 to 96
to be affected by the spindle rotation for only a short i d heloed ¢ dust ticl ith
time. As a result, this reduces the dispersion and cutling speed helped convert dust particies wi
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diameters of 251 0
of 2.5 &em,

em to particl e cutting fluids, MQLassisted machining methods,
accountiR7eef f o randother sustainable machining methods will be the

the 2.5 10em particles

Modern technological advances have led to
innovations in incorporating nanoparticles into base
fluids, enhancing the properties and performance of
cutting fluids. This technology is called nanofluids.
Nanoparticlebased fluids are defined as new fluids
reaulting from the dispersion of nanoparticles with a
size of less than 100 nm in the base fluid of the
cutting fluid. The nanoparticles used typically vary
depending on the application requirements and
exhibit good stability, as well as high thermal
conductvity. In the scientific community,
nanofluids are recognized for improving cutting
efficiency when they serve as the lubricant, unlike
other lubrication techniques. These nanoparticles
include metal oxides (ADs;, TiO;, CuO, SiO,
FeOs, Zn0), various metal nitrides (SiN, AIN,

options for future machining technology.

There are still many gaps in our understanding of
many aspects of MQL machining that require further
study[29]. A review of the research conducted, as
mentioned, highlights the importance of the MQL
method, which warrants further study and the
overcoming of existing challenges. One of the
challenges is selecting the optimal parameters. Most
of the research has fased on the three parameters
of cutting speed, feed, and depth of cut, as well as
the effects of oil and nanoparticles. In contrast, the
study and investigation of MQL parameters have
been relatively less, so this research has
simultaneously investigatedia cutting parameters
and the concentration and pressure parameters of the
MQL nozzle. In addition to the reasons mentioned,
there is very little literature on GTD450 machining,

hBN), various metal carbides (SiC), carbon and, given its numerous and specialized
(graphite, CNT, MWCNT[R5]. Gajraniet al. [42] applications, further research is wanted.
used calcium disulfide and molybdenum disulfide

1. Exper mental works

for machining hardened steel with tungsten tools.
The result showed a 11.01% reduction in friction
between the workpiece and the tool. Zaman et
al[26]. optimized the parameters in machining Ti
6AI-4V  using AbOs-MWCNT nanoparticles.
Kumar et al[27]. found that using MQL can be a
suitable alternative to flood lubrication, facilitating
environmentally friendly machining. To achieve
better results, optimization of MQL parameters is
needed in future research. MQL requires further
optimization to creatddeal conditions, such as
nozzle location in relation to the cutting tool, coolant
flow rate, nozzle distance from the tool, and pressure
range[28]. Nontrtoxic and environmentally friendly

Experimental design

The workpiece was a nickblsed superalloy, GTD

450, with dimensionsof 65 x 85 x 320 mm.
Additional information about the material and its
constituent elements in GTD450 is presented in

Table 1.The cutting speed, feed, depth of cut,
lubricant concentration, pressure, and MQL spray

flow rate were evaluated at5levetsg t a! Bakvur u
aynaj é bu)l The daguehd €25 method

was used in the experimental desigdaia! B
akvuru kaynajé bulunamadEé.

Tablel: Mechanical properties of GTD450

Tensile strength  Yield Hardness Elongation  Density Melting temperature
Strength
10101250 Mpa 910 Mpa 3 0-2 6BHN 16% 7 . Qem 1400 590
Tabll:e Chemi cal composition of GTD450
%weight
C Mg Ni Cr Mo P S S Cu Nb V Sn Al Pb Ag N Fe
0.035 1 65 15 0.75 0.025 0.005 1 15 055 0.1 0.005 0.05 0.1 0.005 0.03 Balance
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Table2: The experimental milling conditions

Run order C Ve Fm Ap P
( %) (m/s) (mm/min) (mm) (bar)
1 5 180 900 0.5 6
2 5 190 950 0.75 7
3 5 200 1000 1 8
4 5 210 1050 1.25 9
5 5 220 1100 15 10
6 10 180 950 1 9
7 10 190 1000 1.25 10
8 10 200 1050 15 6
9 10 210 1100 0.5 7
10 10 220 900 0.75 8
11 15 180 1000 15 7
12 15 190 1050 0.5 8
13 15 200 1100 0.75 9
14 15 210 900 1 10
15 15 220 950 1.25 6
16 20 180 1050 0.75 10
17 20 190 1100 1 6
18 20 200 900 1.25 7
19 20 210 950 15 8
20 20 220 1000 0.5 9
21 25 180 1100 1.25 8
22 25 190 900 15 9
23 25 200 950 0.5 10
24 25 210 1000 0.75 6
25 25 220 1050 1 7
1 Exper mental t ool s/ apcalculating the average surface roughness value.

The milling experiment was performeoh a 5axis
CNC machine. The tool used is a 63 mm diameter
insert tool with a coated insert, featuring a rake angle
of 16° and a clearance angle of 11°. The setup
procedure is illustrated in Fig. 2. Thiarrent study
thoroughly analyzed surface roughness, a pivotal
parameter in evaluating surface quality. After
conducting each test, we measured the average
surface roughness (Ra) values. We utilized the
MarSurf PS 10 profilometer on the workpiece
immediatly following each test to facilitate these
measurements. Throughout all evaluations, we
assessed surface roughness at various locations on
the workpiece to reduce variability, ultimately

Proceed ngs of 13th I nte

significant challenge encountered during machining
is the rapid wear of tools, especially when working
with materials that are difficult to cut. Tool wear has
a significant impact on machining efficienand
enhances the workpiece's surface quality.
Consequently, we recorded tool wear values based
on the experimental conditions outlined in Table
4. We considered the average flank wear width
(VBavg) as a critical metric to gauge tool longevity
during machming. This study also employed this
measurement to compare and analyze the tool wear
rate. After each machining operation, we detached
the inserts from their holders, captured images using
an SEM microscope, and computed the average
wear. The metal removarate also emerged as a
crucial parameter affecting production rate and
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machining efficiency. It indicates the volume of timeframe. In milling operations, this rate is
metal extracted from the workpiece within a specific ~ determined as shown in Equation 1.

MRR= —— (1)
Fm= Feed rate (mm/m n) w Ap h=odegtuh dfmmut (mm) ; Ae=
Table4: Milling machine parameter

Item
Cutting insert Coated carbide, RPHT1204M&FM08-MS2500
Tool Holder Working tool geometry HSK, R220.29006306.6A
Working tool geometry clearance angle: 11°

rake angle:16°
Process parameters:
Cutting speed (Vc) 180,190,200,210,220 m/s
Feed rate (Fm) 900,950,1000,1050,1100 mm/min
Depth of cut(ap) 0.5,0.75,1,1.25,1.5 mm
Concentration 5,10,15,20,25 %
Pressure 6,7,8,9,10 bar

Figure 2: Experimental setup

2. Results and d scuss oexperimental models are presented in each section.
In this section, the results obtained from machining A multivariate regression model fitted between the
tests conducted under various lubrication conditions  responses and factors obtained by the experimental
are analyzed, and statistical analyses tioése method is considered a perfect square to estimate the
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effects of the main parameters, the squares of each parameters) and cutting speed, feed, and depth of cut

factor, and the binary interactions. The confidence
level in the experimental design of this research is
set at 95%.

T Stat st cal

SEM HV: 20.00 kV
SEM MAG: 50 x

WD: 20.51 mm
Det: SE
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(cutting parameters) are considered input
parameters. After conducting tests to investigate the
wear and wear mechanisms that occurred during
machining, the GTD450 inserts were examined
using an electno microscope following testing.

SEM HV: 10.00 kV
SEM MAG: 120 x

WD: 16.52 mm
Det: SE

Figure 3: SEMmage of cutting tool itest1.

Hat a! Bakvuru
D surface chart illustrating the effects of various
parameters on tool life. Cutting speed has a direct
relationship with tool wear: as cutting speed
increases, wear also increases, leading to a reduction
in tool life. According to research anstudies,
cutting speed has the most significant impact on
wear and tool lifespan[30, 31] Increasing the
cutting speed raises the temperature in the cutting
zone, which reduces the shear edge strength and
accelerates tool wear. Tool wear in machining
processes is unavoidable; however, by adjusting
input parameters appropriately and utilizing
effective cooling and lubrication methods, its
progression can be slowed down. Increasing the
concentration at a fixed cutting speed decreases
wear (up to 20%), but at 25%, wear increases
againHat a! Bakvuru ka@®nmj e
ince the oil and water mixture serves as a lubricant
and a coolant, increasing the abncentration
initially improves lubrication and reduces friction.
However, the water content decreases beyond a
specific concentration (15%), reducing the cooling
effectiveness, which in turn increases wétata! B
akvuru
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kaynaj é) showd vhata ma extended fam.

nternat

k a dlisplayls @3 b u lincreasing concentration reduces tool wear at lower

feed rates; however, it causes surface roughness to
increase at higher feed rates. This is because the
fluid spray has less of an opportunity to penetrate the
cutting zone at higher feed rate&ccording to
Hat a! Bakvuru
epths of cut, increasing concentration reduces wear.
However, at greater depths of cut, since the
engagement between the tool edge and the
workpiece is higher, increased concentration leads
to higher viscosity, which reduces the chances of
fluid penetration and, consequently, wear increases
The chart in Hatal Bakvuru
ul un a @)shb@s that increasing pressure (with
the flow rate remaining stable) causes flank wear to
increase at a constant concentration. However, at a
fixed pressure, increasing concentration initially
leads to a slight improvement in wear, but then wear
increasesgain In sections 4(e), 4(f), and 4(h), the
datademonstrate that, overall, cutting speed, feed
rate, and depth of cut have a direct relationship with
tool wear. Keeping each parameter constant while

increasing another results in increased wear,
precisely consi stent wi
In Hat a'! Bakvuru

onal

k agyatshdliavdb ul unan

kaynaj e

t h T
kayl
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bul unagnga é. constant cutting speed,

increasing pressure results in greater tool wear. This
can be explained by the fact that, with increasing
pressure (and a constant fluid flow rate), higher

s

pressure results in less lubricant reaching the cutting
zone at any given moment, thereby increasing wear.
The same reasoning appliesstel(i) and 4(j)where
the depth of cut and feed rate are held constant.

00 |
VB(um) ‘ 100
il
e VB(um)
T S oms 75
S0 <o
o 50
|' = o “ 108 Ve(m/min)
6 ’ —— y
. 18 R £ ]
C(%) 24
(a)
f T
120
125
VB(um)
100
VB(um) 100 |
o 80
o 55 .
4.0 R s
12 o
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Figure 4: D diagram of input parameters and flank wear

f Stat st cal analiyfsacel oweF. g. 4(d) shows that n c
roughness (Ra) mproves surfabettreorughobsesc:
penetrat on n the cutt ng z

Surface roughness s a n cSurface roughness has a direct relationship withlfeedt y

attr bute that s gn f c arateand an inverse relationship with cutting speedma n c e

of the manufactured par t wihthe key difference that feed rate has a greatas nt a |

reqgu rements for part al influence on roughnessFig(e)) At a constant , by

understand ng the f aet or cutting speed, increasing the depth of the cutihas, w

can help reduce manuf act litle tono significant effect on surface roughnesse

the qgual ty of the parts.Thispointisevidentifrig(f). In Fig(g), increasingmet er s
nfluence surface r oughn the cutting speed at a fixed pressure decregses o n
nvest gat ng and anal y zsurface roughness. Furthermore, at higher cutting s e

parameters on the fFings h speeds, increasing pressure results in reduced

74) shows that increasi ngroughness because, with a constant flow rate,degsc e s

surface roughnesss abteclaawlubricant is injected into the cutting zone per unit

l ubr cat on S mor e e f f time. Accading to (Fig (h)), at a constant depth oft o
ncreased temperature n cut, increasing feed rate causes higher roughnessdeef f e c t

of concentrat on on r o tto the tool covering a longer distance per revolution,

s n f cant at h Fg Iger) , ccreating taller peaks that increase the roughness
cates that feed r at e number. Conversely, changing the depthof cutathave a

ect relat onsh p. I n c constant feed rate de not significantly affect these a t al |l

d rates resul ts n I peaks; hence, it has no impact on roughniéggi) e s s

ause the tool c ov er s illustrates that surface roughness is directly relgiee r

olut on, thereby n ¢ rto the feed rate at@nstant pressure. In contrastin e a

wteteen t o0 o | an.d (gt p we r ka fixed feed rate scenario, changes in pressure have

nteract on effect o anegligibleeffectonroughnegsnally,thechartie pt h o f

on surface roughness.Fig(j) shows that each depth of cut has an optimal n g t

pth of cut at | ower c o pressureatwhichtheroughnessindexis maximizéd. g h e r

ughness. Th s s b e c a u sInitially, increasing pressure increases roughndss n gt h
the tool edgeomwb timed hubutitdecreases again after reaching its maximum

wer concentrat on, r e point. This pattern holds across different fixedv e

br cat on. Conver sely, depthsofut. cut and

gher concentrat ons, t he surface roughness S
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Figure 4: 3D diagram of input parameters and surface roughness

The Pareto di agram shows t he effect of each
parameter on the output. By viewing this diagram,
t he parameters can be examined in order of
i mportance, and the effect of each parameter can be
compaF égh) shows the beam diagram related
to surface roughness. According to this diagram, the
feed has t he mo st significant effect on surface
roughness, foll owed by cutting speed and
concentration in that order. The cutting speed has
shown t he moestl iifnep aocft tohne tchut ti ng t ool
F ()) .

Pareto Chart of the Standardized Effects
(response is Ra, a — 0.05)

Term

Pareto Chart of the Standardized Effects
(response is VB, @ = 0.05)

moaws
H

LEELTS.]
mrpEng
=T B
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Figure 5: Tool wear and surface roughness pareto diagram after removing ineffective parameters

12 14 16 18

3.Conclus on alongside the-obDaglechriatsdiog nvad
empl oyed fobrf ecmublei opti mi z
Due to the i mited avallAdgl:t'?%?lglfyr\ég[aa%abﬁsI(tso‘l.\l?\f/'ol‘)b
machining of the widely pp suPera?FoyyzGel'D
) grafy r e a%hona gra (t%}R
this research focused on def’i ni ng. e opti cu n
: . modTeIs, |ncorpTcPr t ng i nt
parameters for machining GTD45. Usli ng. agu h
. . t o ctharacnt.qr.lze t.he sponse
experiment al design, the mac r'inad |et|yowa_ttr|bu ,
such ami anatr emoval rate f EPEQ? %?anll)( wear ,
and surface roughness, wer e &aTd4bdt &G hYymdars M aow qths hi
MQL conditions. The gray relatéon| anal¥éi 6ol GRAdss. |
Proceed ngs of 13th Internat onal Congr eashd®@mB8Mach n



/@ 13th UTIS International Congress on Machining

s/ October 30 to November 2, 2025, Antalya, TURKIYE
opti mal machining parameggaei $§i caahly enhances to
significantly alleviat e trhoiusg hinsessuse. .
T Several variabl es, incIuding oi l
concentration, feed rat cutting speed,
Refe ences
depth of cut , and machi®ni ng pressur e,
notably influenced 1.h e Kh&msdhes!, ét Bfevelo@ng a Graphite
out comes. Thus, opti mi zi fike Caabord Nigbiam hifh filrh brnyGTD
selecting parameters f or 49 ptainleasy steglT sasgapApplied
critical. Surface Science, 202811 p. 145613.
. . J.T. apd_ D.K. Gupta
T In the m|II_|ng process Pro’\gjuve coa%hgs mche ﬁs %lne
rate, cutting speed, enbﬁb%urfé’c@én&@oﬂﬂhg@ eechno(?oby,
MQL oil concentration oaeg h. der ab

affected sur face r oug hnePogsaeidin &., etuaItElxpergnental
speed. Among these, the ineestidation aneesiop pegformasoe and
the most substantial i nfweasfacoes efcugam 45 steglascthe first

wear awerahle bife of the 'BUYAe mﬁﬁg'a'f’fé"l?a?"a'compfessor
ternationa urnal Surface Science

T The depth of cut had a nc?lf’n&meeﬁn'ggz@l*llz
influence on surface 4W93|"(han%éhdsre‘i’ﬁlg\ﬁe{?lcﬁe‘éispulsed
compared to the ot her sulbstaate dissedlt&ge Seposited (aC: Nb)
mentioned. Therefore, t othin{film xcoatimng e GTE4hOe stainless
MRR, operating at the hBpeeheEnhancing a @gchanical and

depth of cut oproporti on &970Siqn, pretecion ccharacteristics.

. " ngmlcal Englneermg Journal, 20204
machineds power is adV|sap126e490
f Scanning Electron Migr 0y&O/D ¥%talResthrdhdevelopments and

i mages revealed wear pat teghhdlogicalo N ddvarfcemerdisi P in

surface and tool -ufpl ank, iocwentionaf i e ansoobventional
edge (BUEpP, | bpi l(tBUL) , anaghining of superalloyst  review.
abrasion wear. Journal of Adhesion Science and
. . e logy 202387(22 0533124.
T Analysis of Vari ance (AN a%'{‘]? K|SI r%dgMK Gupta,

that the input para met e 1 Svachiflifg' oF &uPefallofsd A R on
performance are cutting rdcHining pararhetets,icatting tbols and
rat e, and cutting s p e e d coolinG o metheds.u Matetials y ;Today:
cutting fluid is the mosRrocasdings 20248 p.f1&3%1848.r i n
mini mi zing responses ’ duBigngag. A, yF.n Mpng and F
operatiromQLunccoaditi ons. Abdulhamid, Heatassisted machining of
. , . ) superalloys: a rewewThE International

T Mixing oil with water durgp@ b AavIhded " Mdhdtdeibring

of GTD450 has proven efethddiohy 202118110 p. 35313557,

i mproving output met r8. cs .Madhuka&, SQ ettaliA oritidal rewiéw on

concentration is deter miminum tqoanttye lubrication, (MQL)

where wear diminishes as SNt SYSiER oremachinigg: opesagons.

increases from 5% to 150/IntJ L% ES%IHtJCH” Fhg. Technol,
. 016 .17451751.

_p ol nt, vpel aart era_aut _easn d 2 y rr%] S.A., et al.Ultrafine and fine

I ncrease. Additionally, pért'ﬂ:l@ emiési®rl wf“ttﬁrrhn@ frahilinh Metal

bet ween oi l concentr ati Oonatrix €omgbsiteIMME).2019.

roughness i s inver se;l0.as AlafhSe. a a.Machkenng witl minincum

rises, surface roughness qdastiyrubrgaiensand nanfuid MQL:

9 At a consistent cutting s'g‘geé/'%"‘ﬂﬁ'bglﬁ’mg)ﬁon*'”@3(@419(3&9e,

'hereasing MQL Flhui d&lpr AP %lﬁret al. Recenlfgeve(]jopments in
surface roughness an fIvoD %achmlﬁgaofaeronau&él Mmaterials:
indicates that applying Pdofpardtie réviewChinesM§dlimnal of

Aeronautics, 202538(1): p. 102918.

Proceed ngs of 13th Internat onal Congr eeaghd@mB 8Mach n



/@ 13th UTIS International Congress on Machining

October 30 to November 2, 2025, Antalya, T URKIYE

\ uns J

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Proceed

Iruj, M., et al., Stateof-the-art hybrid
lubrication (CryeMQL) supply systems,
performance evaluation, and optimization
studies in various machining processes.
Results in Engineering, 2024: p. 102090.
Jouini, N., et al.,Optimized Machining
Parameters for HigéSpeed Turning
Process: A Comparative Study of Dry and
Cryo+ MQL TechniquesProcesses, 2025.
13(3): p. 739.

Li, D., et al.,A comprehensive review of
minimum quantity lubrication (MQL)
machining technology and cutting
performanceThe International Journal of
Advanced Manufacturing Technology,
2024.133(5): p. 26812707.

Ebrahimi, A. and M. MoshksaEvaluation

of machinability in turning of microalloyed
and quenchedempered steels: Tool wear,
statistical analysis, chip morphology.
Journal of materials processing technology,
2009.2092): p. 910921.

Tasdelen, B., H. Thordenberg, and D.
Olofsson An experimental investigation on
contact length during minimum quantity
lubrication (MQL) machiningJournal of
materials processing technology, 2008.
203(1-3): p. 221231.

Kumar, S., et alA comprehensive study on
minimum quantity lubrication Materials
Today: Proceedings, 20236. p. 3078
3085.

Salur, E., et al.The effects of MQL and dry
environments on tool wear, cutting
temperature, and power consumption
during end milling of AISI 1040 steel.
Metals, 202111(11): p. 1674.

Sharif, M.N., S. Pervaiz, and |. Deiab,
Potential of alternative lubrication
strategies for metal cutting processes: a
review. The International Journal of
Advanced Manufacturing Technology,
2017.89: p. 24472479.

Zeilmann, R.P. and W.L. Weingaertner,
Analysis of temperature during drilling of
Ti6Al4V with  minimal quantity of
lubricant. Journal of Materials Processing
Technology, 2006179(1-3): p. 124127.
Boubekri, N., V. Shaikh, and P.R. Fost&r,
technology enabler for green machining:
minimum quantity lubrication (MQL).
Journal of Manufacturing Technology
Management, 201@1(5): p. 556566.
Hamran, N.N., et al.A review on recent
development of minimum  quantity
lubrication for sustainable machining.

ngs of 13th

23.

24,

25.

26.

27.

28.

29.

30.

31.

Il nternat

Journal of Cleaner Production, 202%8

p. 1221665.

Sarma, D., et al., Material-specific
machining optimization of Ti6Al4V alloy
under MQL: A sustainabilifgentric
approach. Next Materials, 2025.8: p.
100586.

Liu, N., et al. Optimization of MQL turning
process considering the distribution and
control of cutting fluid mist particlesThe
International Journal of Advanced
Manufacturing Technology, 202116. p.
12331246.

Zadafiya, K., et al.Recent advancements
in  nanclubrication  strategies  for
machining processes considering their
health and environmental impactkurnal
of Manufacturing Processes, 2088: p.
481-511.

Zaman, P.B., M.I.H. Tusar, and N.R. Dhar,
Selection of appropriate process inputs for
turning TEB6AI-4V alloy under hybrid
Al203MWCNT nanefluid based MQL.
Advances in Materials and Processing
Technologies, 2023(1): p. 386400.
Kumar, A., A. Sharma, and J. Katiyar,
Stateof-the-art in sustainable machining
of different materials using nano minimum
quality lubrication(NMQL), Lubricants,
2023; 11 (64)

Kazeem, R.A., et al.Advances in the
application of vegetableil-based cutting

fluids to sustainable machining
operation® a review. Lubricants, 2022.
10(4): p. 69.

Chandel, R.S., R. Kumar, and J. Kapoor,
Sustainability aspects of machining
operations: A summary of concepts.
Materials Today: Proceedings, 2032: p.
716727.

Saberi, M., S.A. Niknam, and R. Hashemi,
On the impacts of cutting parameters on
surface roughness, tool wear mode and size
in slot miling of A356 metal matrix
composites reinforced with silicon carbide
elementsProceedings of the Institution of
Mechanical Engineers, Part B: Journal of
Engineering Manufacture, 20223510):

p. 16551667.

Saberi, M., S.A. Niknam, and R. Hashemi,
Characterizing the tool wear morphologies
and life in milling A52610% SiC under
various lubrication and cutting conditions.
Scientific Reports, 2024.4(1): p. 26870.

onal

Congr eagkhdd@mB 8Ma c h



€ g\l 13th UTIS International Congress on Machining

s/ October 30 to November 2, 2025, Antalya, TURKIYE

On The oEflf elcanhidc &htoivw Mateo Lubric
Turnof ngl umi ni uM6Al |l oy 6061

Hadi i &eiyed Al Ni knam

1. Sustainable Manufacturing Systems Research Laboratory, School of Mechanical Engineering, Iran University of
Science and Technology, Tehran, Iran.
saniknam@iust.ac.jrseyedali.niknam@polymtl.ca

Abstract

A literature review indicates that under MQL conditi on
and-libaicants and various flow rate | evels on gmachini.
and chip thitTheessf é¢bts of cutting condint iMQ@L taunrdnivnagr i
aluminum -dabl aye6@P6érsented to address the existing kno
employed to achieve tHiax:t omuli tnit elriacdti iomes r@ddl)s, axhd

experi menttiad n so,pstegtvime Rst ati stically significant respon
bet ween both responses and the experimental parameters
viscosity were denabieldi ag hawWvimgnogaebeRl1 ew cape al so i m
(up to 50%) . I't was observed that both 1l ow rate and c
KeywoTfusning, aluminum all oy, average surface roughnes
1. I ntroduct on inability t o compl et e heat
evacuations, whi ch ar e t he

MQL is the abbreviation weorkp,MEREME B AsdiNein .t Y

l ubrication, also known as micro |lubrication, which is
used idrynemachining to radufgi fzZ@ddOUsr, among the s
environment al and hea|tt‘hec%'§}‘é"a'%”%ua)r‘ﬂék'e%%rmsugdhenesd;

machining operations. Howg¥eh, S8C&Reld &r NOr EpracCste rAtNidn g
standarediizmed i on of MQL. Urséd"egtiat”i veegadeatifons of a s
not more than 50 ml/ hr Ofn'oH‘ntPrniaq@]%tulritfsaickeh%g‘?%feid”it'hia?”a
mi ni mum quantl.t yrRelguabrrdii cnagt irtg"[?gﬂ"ﬁeg§1s can be achieved wi
machining expenses associ glgd wigphg CHbFIEBY fasui@ges| pnds
their detrimental effects, 9o diheyoperator’'s health an
environment al pollution, alternative methods have

al ways been a source of §|5|119QééOf‘ougTrPnersesmeidsy gtem%rall
difficuItieMleewasiopnreadposgcg,uaqqq)ni 7 as foll ows:

has become an exciting and popul ar met hod in the
machining industry. As a result of MQL machining,

the ther mal shock of the, cygdting tool i s re? ced;
therefore, the tool's |ifé an@®@CfPerformance are mpr ove
[2]. This implies that the operated nozzles must be
2.-% mm from the tool . Thw@eéfeoré,' b $et o fBed rate an
mounting and |l ocati on szat'Lbse selected wi t h
preC|S|or+preTsrseurIe|thbr|cant j e into t ]
chitpol interface may dech’ psreserﬁteedcmpp h lnaccu
temperaturto amdo |loenagds]d t ot?l© Illgfeomet.ry, machlne tool
However, t he mai n drawba'@?geso’f chﬁlraqepathaemeters, ar
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corporat[gd ConsEqderli)ng ®©hé i1iesaedreclchoice of |l ubric

¥z el6 ont AdIS.I H13, t hteh ed ieff ff eerca st o f various f1l ow
rameters, such as cuttimaceddgopeée nge oreestproyn,s evea r KIpi etchea t
rdness, cutting speed, |ac# bDéedknomdretdigonfetdh ovee tpheer
rface finish. They demodesgsir@an eaf tehxaptera memwe ihals@dge o
dius and a smal/l wor kpivacse Whaedndos deatnerimicnree asle e
rface roviumhard[gFitddwe ierda pAeameter s, |l ubri caamnd amd f |
rface roughnews kudgiomd whertblUdni ng al-Tuéni wnrudreral rhiogr
eir experiment al researlicihbrcocnaftierdmeMQdandat Scmtt 65 higce
me and feed rate are thenmbsesdi sggANDVAanwvapaalmetes
surface finish. The experiment al anal ysis on

rdened Al SI 414e0t [Bharanc @ Ewtp elry mPesnltaan procedure

e optimization performed on the experimental dat a
owed an increase 1in cutltni ntgh'sspeaerat'gﬁg’fé.gg kg[g',n‘
creases, and increasesloi_nrg rS%_gfg&gmirrﬁouur(blh%BeDsngS(Brﬁrﬁ
spectively. The other m%éhPﬂaSHIF e {tt?gﬁlg Pfs ?k
ar, which appearcd etdo blye Vsﬂiggenrifm'cndnqulmy qaufafnélty lubr i
r mal force between the \%g'p}l(gitgpet haend—alpﬁgv\nﬂtangln_ta.Fhem
e of cutting fluid produlguéé(?@(géloinngsg§¥Srcntsaraquitnhge
tting operation, reduci F?‘nrgOf'['oloI nng,\;tereaer. fa'nrdsftc oprhraossel o%f
d facilitating chip evaéﬁgtdiy()ntforodn?ttehrem'cnuetttihneg %%fn
achieve awmr fappe ocpualaittef,peteh,de carnidtilcuablrlcants o.n th
tting parameters, such mausltdljltetvierlg fsupleledfgﬁao?'egld
t e, must be selected an(d6|058'ﬁzls)r F?gdatad%qfu'a)f_eeqyf.lor‘g
hi eve an acceptable MQ T%belr%olr)m'an-rchee, egé)\/eérlamlental
her factors such as | ub®® a%rf,ea%vderfq%?m e Itueesmuosft MpE
l ected dammd egqpuearn &tl g . I n fgoelnleorwafln,g v@intaﬂlyns' S
e most reported research works on MQL, vegetable
TablExpleri ment al process parameters and
Machine tools : Lathe machine (Darbert Machinery Co. Ltd. Canada)

: Micro lubrication system (Microlub)
: Mitutoyo machine (surface roughness measurement tod

Work part specification

Material : Aluminum alloy 6061T6
Size 1 @150 X 450 mm
Insert Ref. : KC5410

Cutting parameters
9 Cutting Speed (m/min) 1 79,116,163,206,442,660

1 Feed Rate (mm/Rev) : 0.0508,0.1016, 0.1524,0.2032,0.254
1 Depth of cut (mm) 2mm
Lubricant - Mecagreen 550 & Microkut 400
Lubrication mode : Minimum quantity lubrication (MQL)
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set

b) The MQL Nozzles arrangement ¢) Mitutoyo Surface profilometer

Figure 1: Ewxperimental set

The operated micro |lubricansbonl bgdtam (develbppoed byhis
Tecnbhaob), as depjctendsi stcthghfeesaddj usted by setting th
a volumetric micro pump tpatlt siedj dgt @ & nlearwnav d lcu me qaufe nc
l ubricant through a capilfaom 1 utbe I &0 [t rdohked sa tpj ears znm ene

(Fig 1(b)) . Simuptasseouef yt he ami droow | ubri cati on syst
pulverization air was i njTehcet eslp e mitfoi ctahtei ocnwst tafngt wo n é L
usg na second capillary tulBgst®ehme ITekmiodamt | scur @ae ei sho
Tabl e 2: Speci fications of the Microlub
Micropump 34.3 mni (Click 1)
Pulse generator 20, 50, and 90 strokes/min
Air spray pressure 1.4 bar
Micropump air control pressure 6 bar
3 Results and D scuss oboth Ra and hec, various st af
empl oyed, such as Pareto anal

Met hod of analysis and analysis of wvariance (AN(

. bel i d h h resu ts wer e presented i )

bt 1s etreve that the 3dg ‘é"‘} ?y%?h‘éﬁm&}a? |8£e&éﬂé '6‘&
Tlu'd and the.appropr.late.mfullcfvlvp ?ceatl%/aed mtode,q sgﬁgArsbifnoCt
i mprovement i n Iubrlcatltchrb cpre|t Smang rf;i‘@g quality
machln!ng expenses. As W??tf'e?'e%q AT li'negr'p |I§)meters,
determine the effects of ?BB}'nggeomaertarr(}etecrLPt't 'r{] g hge
feed rat e, cutting speed, flow Trat and lubr |c nt, on
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straitRPgy A complete overvi@®w008 -wdldu ® cahic®F)né¢ aly t he v
parameters us@f i s presenbéd pirnocess parameters. The
h ¢ ¢ f lubri bet wRRaemRfagi n | i near and quadr
The e ect o ubricant both responssessgdenhotastai ndli

] ) ) interaction effects bet we ¢
Qccord!zng to statistical aanraaln’}'est'esr’s.thl'ene?%l?ro?le?t't(hré <
etermi mmtR?A@mfRalanqc(mable %)sed, in the following anal
fjenote' t hat despite the sdteast'igsnt i,@oacl)edlyeléjlsglqi’_fibco_atnht m
investigated responses ar e statistically significan

Table 3: ANOVA table of average surface roug

Response Design Model R? R?ad;. F-Ratio P-Value Remark

Linear 0.82 0.81 0.78 0 Significant

R 2—Fact_or 0.84 0.82 0.74 0 Significant
Interactions

Quadratic 0.93 0.92 0.57 0 Significant

Linear 0.93 0.93 0.3 0.0016 Significant

he 2-Factor 0.96 0.95 027 | 00032 | Stgnificant
Interactions

Quadratic 0.97 0.97 0.04 0.13 Significant

Fi g®krleag and 2(b) show t havta rfiecaecbiR,ump adtysn OBBYg Bn(zwas tahned 4 ( |
most signifi®®antwheftecutodegbosepeedat feed rate (B) a
(A) and lubricant (C) havteh e mmoesgtl isgiigbnliet. i edfafnetrc eeafsfawdc tichu
R Accordiggd bB) 9 an i ncr easpade df eleeda drsgtteondecsehbhygedi hcr

results in a more deteri ogradteedl esaudr,sf at e ¢ ihdlcikteyw. dhii
could be attributed to thdeter st atnhdbihcuaetRecse ¢ h atf e eudn d
on taedhdirectional cuttiegpéoirmenst alwhd e@wrmdictaiucsres as p
severe deviations in the csawnmr fbaec ec otn@ &totd A 8 dewhuepn gweif N § «
[L 011 When the cutting pardexiter smddeaslt ed Inh Tabl de ob
1 are wused, the model, ahsa sf iatnt e chsi gl hiiccoannttr od f f telc e
-+
B:Feed Rate =-
C:Lubricant

A:cuting Speed

0 3 6 9 12 15 18
Standardizedeffect

(@)
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The regressionRpaontide hs| beeweery t he Q)
exponential, and multipliclaTive models are shown in
TablAstdati stically significanhq relationship exists
bet wRiaeami at the 95. 0% confidenclecoéaevel 2)
(Fig.Aadgl iAgi bl e differencefCZdasn'r%—cb—e—robserved
bet ween the correlation coefficli'&ﬁlmas of both I|inear a
multiplicative Mmallleé s4, Adespidirg to 3)
the regression mearidkar @r edenilgdg,) the
strongly corr elAPactceodr dwintgh teoa cHig.ot her .
(1), an increase in chip t,;;i:egdﬁbaess and feed r(ldte | ea
to a higher chip thickness ratio, which may increase
the shear angle ande,deaseaseF, the friction anyl
shown iB84FqgsregRectThel yricitipon
force is primarily i[AiRluenced'by the friction angle
Therefore, &9 ,s hHdven firn cBEq.on force wild/
be decreased when t he feed rate increases.
Consequentl vy, a good surface finish can result.
Table 4: Regression model s
Regression analysis models R? r P-Value
Linear 0.7970 0.893 0
Exponential 0.799 0.894 0.0001
Multiplicative 0.798 0.893 0
0 ]
8 ]
g i
£ 3
(@] -
> -
[e] J
X i
8 .
8 i
5 -
0 .
0 0.2 0.4 0.6 0.8
Chip Thickness
FigulLé némagression model of average surface rou
1)The effect of Flow Ratoef al umi nusbal IToys h&@a@6End, ¢
full factorial design of the
The main aim of this sectemml oysed,o pmeésbMatagheerf 65860
of fl ow R,anlddwmi nchet he MQL utbur ciamg of choice (see Tab
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Tabl e 5: Experimental process parameter
Experimental Parameters 1 2 3 4 5 6
Cutting speed (m/min) 79 116 163 206 442 660
Feed Rate (mm/Rev) 00508 0.1016 0.1524 0.203 0.254
Flow Rate (ml/min) 0.686 1.715 3.087

According to ANOVA resul @adoutt he0 % orMoalleaotviewrf, ®thien Pl in
deter milaaisprRaaRnii n | i-nearf a2tor inter adfaintdgh nmho ¢ @alt € sof
factor interactions and qaamdea@ltiigi broad ed sn tdreinbouttei otnh aotf
both responses are statispreathyedigestitantThhesefi deett
mo d e | used (Table 6Ran@heedpé&fiemental bstweegn the | inea
R%4in linear and Raali ati d umadelrs aofal ysi s.

Table 6: ANOVA table for surface roughness a

Response Design Model R? R2adj F-Ratio P-Value
Linear 0.77 0.76. 0.38 0
Ra 2-Factor Interactions| 0.79 0.77 0.43 0
Quadratic 0.89 0.87 0.046 0.031
Linear 0.94 0.94 0.36 0
he 2-Factor Interactions| 0.96 0.96 0.39 0
Quadratic 0.98 0.97 0.2 0.0032

Figbrfeag and 5(b) show t haR.FiegelBf(agatand Bof( daendd srhabtowenvt (hB)t
rate (C) have the mRst Asigntfiongnspettile¢(A} bavehehe mo
higher feed rateRtewtdsl| ¢ oh®netlrteacsan thhe stated that a
decreases at a high flow deteeafdmd tibrenetbeelay,t rd bluitgehde
the intense effects of ftow i mztee a @ dnit lthar Igyenet Aeedcor
temperature in the cuttindetzeommiaantdiiccnatR si a¢mat bdthke orfo
which tend to decrease atekhpbhensfbdwbretcof | eliel sariThb
correlation ®¥ i nddd tceart neisn att h atn t he

mo d e | as fitted explains 77.37% of the variability of
3+
B:Fe ed Rate =-
C:How Rate

ACutting Speed

0 3 6 9 12 15 18
Standardized effect
()
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Figure 5: (a)ai PaFenheachdesi §or mRdel , (b) Direc

The regressi orRamdudien sl ibneetawetkenr di fferent regression

exponential, and multiplitatitvhee mohlsedrsv atrieons hmawde i n n
Table 7 and Figure 7. It el adteimomshir @treed ulthtsi t rhige tdweas|gui e
the regression model usedanthatnedlei Pi5h10e% diofnffe demace I
observed between the correlation coefficients. The
resulting val uoeesf fofcd.e@x sell&ti on ¢
+
B:Feed Rate =-
A:Cutting Speed
C:How Rate

0 10 20 30 40
Standardized effect

(@)
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Figure 6: (a)i Patrkee ol ichheaan desi dohn model , (b)
Tabl e 8: Regression model s
Regression analysis models R? r P-Value
Linear 0.725 0.8515 0
Exponential 0.741 0.8610 0.0002
Multiplicative 0.725 0.8518 0

Surface Roughness

o

o
o
N

Figore
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4 Conclus on [4] M. N. Islam and B. Boswell, "An
investigation of surface finish in dry

Foll owing experiment al st udthrﬁ,rﬁg-- n?ﬁré*ceed?ndsaotf khe tWorfg @ |

analysis presented, the f ol | @oNdreddon Engifebriepls,ip® ®. can be

drawn: [5] V. Upadhyay, P. Jain, and N. Mehta- "In

1 Feed rate signpdrfhi c awmhtillye af fpreaess predigtion of surface roughness in
cutting speed has oqaly a sitynng ofi TE6AHM alleyfusirgccutting n  h
The effects of feed rate c ®HaMBYs zapd (Vvibigtipn esgnalso t he

intense impacts on fricti oneagupgenieqiz. , thlckness, (
which may | ead to |ncre[aﬁssedq:q%enMgStrzaturqu)inaqzzh ;
cyttin geometr warkpiece

cutting zone and fluctuatlnhg hich

. r ness feederaté nc?cuthng Speed on
contribute to diminished s usrurfa& rgugh%e%s inb tfo?’c@s in finish

T Despite the design model HisiRgdof hardeRel AISH 18 steRTihe
lubricants with higher vi sc@einational a8ufhal h bfd hagvancdd! o w
rates resulted Fur tdaer endu e ¢ ®adufcturing Technologyyol. 25, pp.
decrease in friction force 26826920050 the effects of
feed rate and cutting ¢$7peedP.Davimant L. Figuairh I'Madhinabiltys
|l eads to a good surface f i névauption in hard turning of cold work

T Significant correl aions wdqolestegl Dywih geramic,taals psing
anfdin linear, mul tiplicatdi Vséaﬂsﬂca&W(ﬁmlqg%MaéeHaésﬁquy%n

vol, 28, 11841 00
model s under different lSeveIO }9&{ l?{ily%lv\? |7at I Vdzs Odzz b
"Design  optimization of cutting
5 Acknowl edgment parameters when turning hardened AISI
4140 steel (63 HRC) with Al< sub> 2</sub>
The authors would |ike to ex@s sub>s3<fsubeti TICNarpxpdr ceramicat i o n

for the "SystemeTecnol ubi nc otodloMatetals e& desigp\wk 28nppnt a |
tools and | ultBmpieca mtl st thgeram\kisd a 8181622, 2007.
“"Aluminum Research Centrdd ( ﬁ@@l&%)bo%“ﬁtﬂ Micrelgbrication

de | a Recherche du Quebec Kg‘;zr%? gcke mC'LCBz?gg eRteCht?'es
Technol ogi e" ( FQRNT) for prBelglum ecn&ubéd ed82818. al’
support. [10] S. A. Niknam, J. Kouam, and V. Songmene,

"Experimental investigation on part
quality and metallic particle emission
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ANNEX |

Tabl e 9:

specifications

of Mecagreen

Lubricant Specification MECAGREEN 550

MICROKUT 400

Aspect Limpid

Color White

Odor Low

Viscosity 21 mnt/s
Solubility Water 10- 15 %

Biodegradability Not Information

Machining very hard chipping

Clear (Light)
Blond
Odorless

37 mnt/s

After 21 days
Sawing, Machining

Application Aluminum, aluminum alloy, Stainless Metal forming
steel (blanking, drawing & stamping )
Maximum storage 1 year 2 years

Presentat éon:

MECAGREEN 550 is a water based coolant made
from renewable resources.

MECAGREEN 550 is a coolant concentrate
designed for difficult machining.

Appl écat éons:

Both difficult metal removal and forming
applications.

Multi metal friendly- Aerospace aluminium alloys,
standard aluminium, stainless steel, titanium and
titanium alloys.

Advantages:

Economical: MECAGREEN 550 235% percent
tooling improvement in most difficult applications
due to exceptional lubrication.

Performance: MECAGREEN 550 is recommended
for aluminium and stainless steel. Does not stain

Proceed ngs of 13th

Il nternat

aluminium, especially aeronautic alloys
Environment: MECAGREEN 550 is formulated
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550

with a unique blend of vegetable esters, these esters

provide a polar reaction at the point of cut that has
been optimized for various machining applications.
Foaming: High resistant to foaming eversoft
water. No mechanical foaming due to high
pressure.

Cleaning: Easily washed with alkaline cleaner or
solvent.

Approvals:

MECAGREEN 550

EADS, specification ASN 42302

SNECMA, specification n° 45201-0-00 Rev B
excepted Nickel alloyed

ME
http://www.bzlub.com/en/sh_product.asp?id=29SSI
ER-DOWTY, Specification IFC 3@850-:02MD i

Rev3

onal
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M cMechan cal Study of the Too
M T g0 %52 0C Under Var ous LU
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a School of Mechanical Engineering, Iran Unfversity of
bDepart ment of Mechantical Engineering, Polytechniqgue Mon
sani knam@s e@gateldiacniikrnam@pol ymtl . ca

Abstract

Mult pl e t eecmmlodyegd esn atrtree manufactur ng and mach n

and numerous st utdh ess dama fno ctulksreadu gohn ac adeans pcecand hartd

rece ves |l ess attent on s understand ng thenadomb ne

re nforc ng edbhnmealt sl otny téhfeo sngas hl MEHEteé @ at son has been
A520 alloys re nfdheeedefwrteh $hCspaotr kcl eavent mgatecaqgt

Ab52100%wS C wunder var ouscdmudrt tcoanva.esn ohsdr wvaud tt hgt cu

s gn f cantly affect t he toholn Ingf @¥E3Rr0GC. wlehaee meo rmp hwd a
observed were abras on and audph eesd goen ,( Bnuag)n Il agnydp rBeus Bl Ut e ¢
was al so observed atcthatevieat tuemrdetrodlhel Wed wamdedcy mmade
The out cagmeaeaapreadt cal w nsdeowe cftoron hoef ocputt tmunng par ame

re nf ovMMeEsgd, Aln, Abr21080 &S p Ce
Key woAMWMMC, Tool wear, M I ng

1l ntroduct on Numer ous nhvaevset lyeadn oaenduct

~address or rsﬁir@lo]ﬁve these Ss
A notable type of -aMMCoyi s the al uminu

matrix composite (AIMMC)Re VY]qlocrhC lnﬂcodeprotracleess n
ceramic rei ngf wech ¢ msmins caarbl

b 'a%® tvyep acnadl | y have h gh ha

(Si[€)2]. The exceptional chaarac eJ§e5t§8\§ere damage and
MMC s , including —teweeivgahtte greﬂgég
rati os, rigidity, hardneSf Se‘c\/'esrtqncsetud Lo o8d O, f
wear, and mini mal thermaLuIelprSilngl Ol ¢ hnad/et[b lg]e n ma
t hean wi del y used materia[l) ff%rgl’?{'to)'fﬁe zﬂ

especially in t he auto%c‘z:ltclth1 Mé&ﬁgﬁé’ﬁ&r nves
i ndustAliuensi -b a sne d met al trﬂ%tr'ﬁ(teract on effects o f
|fnf enrgenMMCasdda |ven§ h 2V €, o

composites reinforced wi mrhcq,]
become preferred due to tol?e'crutr['qwhg €2 g r,[es;lstancde,th
low thermal expandi ompr b Kﬁ?‘wﬁ'gg[f}i)on'ﬂeuseé of cutt
mechanical Trhrea ed rotries s . NYPPf bz detfuareanojn wte lta & of
research stud es focusedto%ﬁ] pcoeas hRy sItHrglngép ng
wh | e ma nta n ng or redurecn Wy gﬂ]atrtancdlyleﬁlfégtvté]rgt
flex B9l At yhough the ?—'%?Ct nosntaﬁ'ée, Kar m not ced
compos tes has successft ltyur enolhan[cheed cutthte ng tool
mechan cal propert etsq r}o%rl.r]s & atnraieréthjﬁL@g[He
L€efg Y¥GSure on t

rema ns assochamdaeirwnghplst@eb)geteda]rﬂ;e. dept h and shape

|

i

we ght rat o of mach n NG b8 cAf &
s
g performance, and

mach n n
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Figurel: Schematic of the furnace

Tabl®@udnt ome-MMg ahd-AB%30C

Materials Al Si Fe Cu Mn Mg Zn Cr Ti
AI520 | 89.32 | 0.0830 | 0.0527 | 0.0225 | 0.0218 | 10.4 | 0.0025 | 0.0024 | 0.0025

Al520-10%Sic | 84.11 4.44 0.133 | 0.0063 | 0.0239 | 9.70 | 0.0042 | 0.0115 | 0.0044

Mach n ng Tests Table 2 presents the cutt ng

wer e sel ected n accordar
The end m || mer foppremead wo AthfPgMmendat ons prov ded by
ax s CNC mach ne tool (PaWefactswrkew, . IFp@eLehg:cutt ng t
28000 rpm; torque: 50 NmyeeunPdeesrsesg., t e@glht ohgcun @

l ubr cat on cond t ons: &my (FMdALe -1bahog Gant (Me gGragen
To perform the cutt ng te&sed thdhesMRL endt wegy t686t
HP E9DAREL. ¥C CUTTER andl1l3&c@k/hr and 5 L/hr for MQ

nsert HM90 APKT 1003 PDRgSpPecbogelw¥re used.
Table 2: Machining parameters used

Cutting parameters | Level 1 Level 2 Level 3
Cutting speed (Vc) (m/min 120 180 240
Lubrication mode dry MQL Wet
Feed rate (fz) (mm/tooth 0.1 - -
Depth of cut (ap) (mm] 1
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Figure2: The experimental setp
110 10

80

F g8Tke d mens ons of the tested work parts

3Results and d scuss on growth of the buikup layer (BUL). Elemental
] ] ) ] mapping and EDS analysis at 240 m/min
Figure 4 confirms that abrasive wear iS  (Figure 5) substantiate these mechanisms,
prevalent across all cutting speeds, primarily showing pronounced accumulation of Al and
resulting from direct mechanical interaction Mgd key constituents of the workpieteon
between the hard silicon carbide (SIC) e cutting edge, accompanied by a marked

reinforcing particles and the tool coating,  reducion in Ti signal, indicating coating
leading to accelerated coating loss. degradation.

Simdtaneously, the formation of a builip

edge (BUE) is consistently observeuhich is Furthermore, flank wear analysis (Figure 6)
attributable to the@dhesion and transfer of the reveals that abrasion and BUL are present under
albumi num matrix onto 1t g conditions, with BUL thickness increasing | N1 S
adhesion is facilitated by thermal softening of substantially at the highest speed. This

the aluminum ~at elevated machining  5iogressionhighlights the interplay between
temperatures, which enhances its propensity 10 thermally assisted adhesion and abrasive
adhere to the tool surface under high contact mechanisms: higher speeds increase friction
stesses. Notably, while BUE formation and temperature, further softening the
remains stable between 120 and 180 m/min, &  gjyminum and promoting more significant
significant increase is observed at 240 m/min  \5ierial  transfer.  while simultaneously

[23]. This suggests that this cutting speed  enabling reinforced particles to abrade the

approaches a critical thermalechanical coating more aggressively. Consequently,
threshold, exacerbating aluminum adhesion and
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machining at 240 m/min under dry conditions  adhesive and abrasive tool damage, reducing
is not recommended, as it accelerates both tool life and impairing surface integrity.

Abrasion

’ SEM HV: 20.00 kV/ WD: 24.16 mm Lioaot o] VEGAW TESCAN
- e View field: 1.08 mm Det: SE 200 pm 4
SEMHV: 2000 kV  WD: 24.50 mm VEGAW TESCAN SEM MAG: 200 X Date(m/any): 1011818

View flold: 866.8 ym  Det: SE 200 pm ¥an Uni. Set: Tech.
SEM MAG: 250 x Date(m/dAy): 10/18/18

Iran Unl. Scl. Tech.
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Figure 4: SEM image of the chip surface of the cutting tool in the dry mode
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Abrasion

Abrasion
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Figure 7: SEM image of rake face wear in MQL mode

Abrasion
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F gure 8: SEM mage of the flank surface of
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Figure 9: SEM image of the rake surface of the cutting tool in wet mode
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Figure10: SEM image of the flank wear modes under wet mode

4Conclus ons

This study investigated the wear mechanisms and
progression of flank wear during the milling of an
AI520 MMC reinforced with 10% SiC particles,
evaluating the influence of cutting speed and
lubrication strategy. The key findings and their
implications aradiscussed below.

The primary and most persistent wear mechanism
observed across all lubrication conditions was
abrasive wear, directly attributable to the
mechanical interaction between the tool's coating

and the hard, heterogeneous SiC reinforcements.

This abrasion was mably resistant to mitigation by
both  MQL and flood coolant, underscoring a
fundamental limitation of fluiebased strategies in
preventing direct partickool contact. In some
instances, the introduction of coolant may have even
exacerbated abrasion bycilitating the formation of

a particleladen abrasive slurry or inducing thermal
shock in the ceramic particles.

Conversely, lubrication modes have a profound
influence on adhesive wear mechanisms. The
formation of a BUE and BUL, driven by the transfer
of the thermally softened aluminum matrix, was
significantly controlled by effective cooling. Wet

Proceed ngs of

13th I nternat

machining demonstrated the greatest efficacy in
reducing BUE/BUL, followed by MQL, with dry
conditions exhibiting the most severe adhesion. This
hierarchy directly correlates with the cooling
capacity of each method; the superior heat
dissipation of flood coolant most effectively
suppresses the thermal softening required for
material transfer. The observation that BUE severity
increased with cutting speed across all modes further
confirms the critical role of thermal management, as
higher speeds generate madrictional heat.

The nonlinear performance of lubrication strategies
highlights the complexity of tool wear in MMC
machining. The finding that dry machining
occasionally outperformed MQL in specific
contexts reveals an intricate tradé between
reducing adhesion and atially accelerating
abrasion. This necessitates a holistic approach to
process optimization, where parameters are selected
not only to manage heat but also to minimize the
mechanical engagement with abrasive particles.

Future Research D rect o]

To advance this field, future work should prioritize
the development ah-situmonitoring techniques,

onal
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such as quantitative imaging analysis, for +téak
assessment of tool wear. Furthermore, investigations
into the health and safety implications of machining

MMCs,

particularly the aerosolization of

reinforcement particles during dry and MQL
operations, pesent a critical and underexplored
research avenue. Finally, a comprehensive analysis
of cutting forces across time, frequency, and wavelet
domains, as will be presented in a subsequent
publication, is essential for correlating dynamic
process signals witthe dominant wear mechanisms
identified herein.

Ref erences

Proceed

Mortensen, A. and J. LlorcdJetal matrix
composites.Annual review of materials
research, 201Q10: p. 243270.

Chawla, K.K.,Metal matrix compositesn
Composite materials2012, Springer. p.
197-248.

Arokiadass, R., K. Palaniradja, and N.
Alagumoorthi, Surface roughness
prediction model in end milling of Al/SIiC p
MMC by carbide tools. International
Journal of Engineering, Science and
Technology, 20113(6): p. 7887.

Duong, X., M. Balazinski, and R. Mayer.
Chaotic Tool Wear during Machining Of
Titanium  Metal Matrix Composite
(TIMMCs). in 2014 ASME International
Mechanical Engineering Congress and
Exposition 2014. Montreal, Canada:
ASME.

Aramesh, M., Machinability of titanium
metal matrix composites fMMCs). 2015,
Ecole Polytechnique de Montréal.

Duong, X., J. Mayer, and M. Balazinski,
Initial tool wear behavior during
machining of titanium metal matrix
composite (TIMMCs)nternational Journal
of Refractory Metals and Hard Materials,
2016.60: p. 169176.

Kilickap, E., Effect of cutting environment
and heat treatment on the surface
roughness of drilled AIl/SIC MMC.
Materials Testing, 201&8(4): p. 357361.
Niknam, S.A., et al.,Turning titanium
metal matrix composites (MMCs) with
carbide and CBN insert3he International
Journal of Advanced Manufacturing
Technology, 201897(1-4): p. 253 265.
Niknam, S.A., et al.Dry and SemDry
Turning of Titanium Metal Matrix
Composites (FMMCs). Procedia CIRP,
2018.77: p. 6265.

ngs of 13th

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Il nternat

Nicholls, C.J., et al.Review of machining
metal matrix composite$he International
Journal of Advanced Manufacturing
Technology, 2016: p.-13.
Joshi, S., Machining metal
composites using diamond toplsin
Machining Technology for Composite
Materials. 2012, Elsevier. p. 42859.
El-Gallab, M. and M. Skladylachining of
Al/SiC particulate metamatrix
composites: Part I: Tool performance.
Journal of  Materials Processing
Technology, 199883(1-3): p. 151158.
Niknam, S.A., et al.Ultrafine and fine
particle emission in turning titanium metal
matrix composite (FMMC). Journal of
Central South University, 20126(6): p.
15631572.

Kannan, S., H. Kishawy, and M.
Balazinski,Flank wear progression during
machining metal matrix composit&Q06.
Beristain, J., O. Gonzalo, and A. Sanda,
Machinability of AISIC metal matrix
composites using WC, PCD and MCD
inserts.Revista De Metalurgia, 20180: p.
1-6.

Aramesh, M., et al..Observation of a
unique wear morphology of cBN inserts
during machining of titanium metal matrix
composites (FMMCs); leading to new
insights into their machinability. The
International  Journal of Advanced
Manufacturing Technology, 20192(1-4):

p. 519530.

Beste, U. and S. Jacobsahnew view of
the deterioration and wear of WC/Co
cemented carbide rock drill buttond/ear,
2008.264(11-12): p. 11291141.

Sankhla, A.M., et al., Experimental
Investigation of Tool Wear in Machining of
SiC Based AMMC. Advances in Materials
and Processing Technologies, 2021: p. 1
20.

Chaudhari, M. and M.S. Kumar,
Reinforcement and  Cutting  Tools
Interaction during MMC MachiningA
Review.Nano Hybrids and Composites,
2018.22: p. 4754.

Devaraj, S., R. Malkapuram, and B.
SingaravelPerformance analysis of micro
textured cutting insert design parameters
on machining of AMMC in turning
process. International  Journal  of
Lightweight Materials and Manufacture,
2021.4(2): p. 210217.

Nandakumar, A. and T. Rajmohan.
Grinding of MMC using MQL based
vegetable odReview in IOP Conference

matrix

onal

CongrPeasgd208n8 Mac h

n



(@ 13th UTIS International Congress on Machining

s/

22.

23.

24.
25.

26.

27.

28.

29.

30.

Proceed

October 30 to November 2, 2025, Antalya, TURKIYE

Series: Materials Science and Engineering
2018. IOP Publishing.

Khan, T., M. Broderick, and C.M. Taylor,
Investigating the industrial impact of
hydraulic oil contamination on tool wear
during machining and the development of a
novel quantification methodologyThe
International Journal of Advanced
Manufacturing Technology, 202112(1):

p. 589600.

Saberi, M., S.A. Niknam, and R. Hashemi,
On the impacts of cutting parameters on
surface roughness, tool wear mode and size
in slot milling of A356 metal matrix
composites reinforced with silicon carbide
elementsProceedings of the Institution of
Mechanical Engineers, Part B: Journal of
Engineering Manufacture, 2020: p.
0954405420937502.

MR  karim, J.T., Environmental,
economical and technological analysis of
MQL-assisted machining of Alg-Zr
alloy using PCD toolsustainability, 2021.
Gururaja, S., M. Ramulu, and W. Pedersen,
Machining of MMCs: a reviewMachining
Science and Technology, 201B7(1): p.
41-73.

Debnath, S., M.M. Reddy, and Q.S. Vi,
Environmental friendly cutting fluids and
cooling techniques in machining: a review.
Journal of cleaner production, 2088: p.
33-47.

Gurpreet Singh, V.A., Sehijpal Singh,
Critical Review on Ecological, Economical
and Technological aspects of Minimum
Quantity Lubrication towards Sustainable
Machining.Journal of Cleaner Production,
2020.271 p. 122185.

Vasu, V. and G. Pradeep Kumar Reddy,
Effect of minimum quantity lubrication
with AI203 nanoparticles on surface
roughness, tool wear and temperature
dissipation in machining Inconel 600 alloy.
Proceedings of the Institution of
Mechanical Engineers, Part N: Journal of
Nanoengineering and Nanosystems, 2011.
2251): p. 316.

De Lacalle, L.L., et al.Experimental and
numerical investigation of the effect of
spray cutting fluids in high speed milling.
Journal of  Materials  Processing
Technology, 20061721): p. 1115.
Khandey, U., et al.Optimizing turning
parameters for improved surface quality
and productivity of AMMC under dry,
wet, and MQL conditionsEngineering
Research Express, 202%4): p. 045005.

ngs of 13th Internat onal CongrPasgd28n8 Mac h

n



(s 13th UTIS International Congress on Machining

\___“_”'_5_,/ I October 30 to November 2, 2025, Antalya, T URKIVE

Ul tr dAsse nbBbrtieldl i ngCompboE€FRE S
Ramazan HakkéMWNsatmd fua PBuZ .a k MBraag s | 6.1 a k

Engi n® Kél é-

At él ém WDripwaet snetny, of Mechanical Engineering, Incek, Ank

"Eski Kedhmi cal Ddmd rvtemesritt ygf Mechani cal Engineering, Tepebakeéeé
‘The University of Manchester, Department of MechanicalngaddmAer ospe

* Corresponding aut Bmai |l Taldamaez8®.3n2/BIBLEA@«Ft6i3l;i m. edu. tr

Abstract

The Carbon Fiber Reinforced Polymer (CFRP) composites ar
material properties such as |lightweight with high sRrenc
copnrosi tes is |l ow since the | ayered structure of thel-mate
out s. In order to overcome these challenges, Ultrasonic
i mpl emehi gh frequency and |l ow amplitude ultrasonic vibre

study. The results showed that UAD reduced the cutténg f
hol esassuccyhl i ndricity and roundness of the holes compared

KeywolUldtsrrasoni c assisted drilling; CFRP Composites; Hol e
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Abstract

Car bom efiinfeorr ced thermoplastic composites are expanding
recyclability, and rapid processing capabilities. Howev
signctant challenges during machining, especially wunodner d
fiber reinforced polyetheretherketone (CF/ PEEK) Il ami nat
12pA spindle speeds (1000, 1500, 2000 rpm), and feed r a
regarding thrust force, cutting temperature, and surf ac:
al | perifrodincaantcoer s, while using a 120A drill point angl e

and i mproved hole quality. A Grey Wl f Optimization (GWO
l evel s. eTiermastctepwas obtained at a feed rate of 100 mm
angl e, resulting in a thrust force of 302 N, a cutting t

KeywoCQ@HRI/sPEEK; Cutting temperature; Dry drilling; Surface
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Abstract

The manufacturing of minidpteufiozendncemporsnthapgt endpl Else fva b

to enhance fatigue resistance and tool | ife. Micmfolmiéndea
surface and subsurface properties. The cutting toolemicr
integrity. This study i nvedtlilg atoeod rmitcered miulsliinngg toofo | hsa rwd
mircogeometri es. Results reveal a significant correlatio
resi dual stresses. However, excessive modificati oms glnead

KeywoSuwrsf:ace;M rctreog makchha nnk nfgace c¢hamfer

Klicken oder tippen Sie hier, um Text einzugeben.
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Tal akl & i malat y°ntemi ile ¢retilecek ¢réegnlerin iURumprypsélebar g
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oranénén azalteéelabil mesi i-in y¢zey kalitesi ve eneiSiliods celkk et i
mal zemesi daire testere tezg©hénda almany aMQdi)y km«lul 4 ajr et md tveendm
olukturularak ¢(- farklé seviye sojutma debisi, k e s memeldrig yligey v e
kalitesi aritmetik o8t aleamaakysg zreuym pyezeeyll @l ickiace akR ef iz € Redi | mi |
panosuna bajlanan enerj.i analiz°or¢ ile °1-¢l megktegr. Y panaetki p¢r
grafikleri ile, bu sonugclar Gzerindeki et & i | i parametreler ise varyans (ANOVA) anal:
kokulunda da hem enerji t¢gketimi hem de y¢gzey kal i tteisri.n dkel eernl eel
art eekneerijlie t ¢keti minde azal ma meydana gelirken y¢zey kalitesin
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Abstract

The relationship between surface integrity, particularly residual stresses, and fatigue lifeeistai@ithed. A model known as

the "3D hybrid multipass model” has been previously developed to predict the 3D residual stress fields generated bgdbngitud
turning over multiple revolutions until a steady state is reached. This model simulates the generation of residualystresses |
accounting for equivalent 3D therameechanical loads, which are calibrated using cutting force measurements, as theyenove ov
the machined surface. The aim of this paper is to adapt this methodology for surface milling, where multiple cuttingedges ge

the surface at a much higher frequency. A case study on the surface milling@HIbartensitic stainless steel is preed

KeywoMdlsl: ng, res dual stresses, numer cal model ng
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Abstract

The AATVO 7&l um num all oy, w dely wused n aerospace appl

tendency @ feargrasby BIUE) and causteextapr dnd omnd twhkearr a Wh fl &
expred to address these S s u ensv,e sftl agnakt efda.c €T ht esx tsutru dnyg rnetm
t hat apphdesefi ®@me mr es, grooves, d mpl es, and hybr dtspat
The goal s to enhance tool performance by mpr ov nugr e h
based framework s presented alongs deasa prtemgposedneamé rcc
surface textur ng approach s expected to mprove sur fia
groundwor k for future val dat on stud es and cpetif ckmbe
alum num mach n ng.

Key woM dcsr:@x t urseur fDaucaed Te x tTwor, M@0l AAVE@GTS5 Fl ank Face Des gn

1. I ntroduct on if the texture geometry or positioning is not properly optimized,
. _ . N _ the opposite effect may occur: chips can become trapped within

Aluminum and its alloys are widely utilized in the aerospacene textures, resulting in derivative cutting as well as increased
and automotive industries due to their high strerigtiveight cutting forces ad temperatures [4].
ratio .and corrosion resistance. Among them, T6 -tregted Research has investigated the performance of micro
aluminum alloys, such as AA707E5, exhibit exceptional textured tools across a variety of materials and machining
hardness and singth. However, during machining, these alloysconditions. For instance, lastaxtured tools used in the turning
have a strong tendency to adhere to the cutting tool, leadingd@ titanjum alloys (Ti6Al-4V) exhibited improved
built-up edge (BUE) formation. This phenomenon increasegerformance due to reducedcfion and slower tool wear [5].
cutting forces, accelerates tool wear, and deteriorates surfaggnilarly, tools textured with ulteshort pulse lasers
quality. Traditionally, cutting fluids have been employed to gytperformed conventional tools in stainless steel turning under
mitigate these challenges; however, environmental and heal§ath dry and lubricated conditions [6]. In the dry machining of
concerns have encouraged the search for more sustainablesal-4v alloys, properly optimized ioro-textures further
aIternatllves, such as dry machlnlng or minimum  quantit¢ontriputed to reduced cutting temperatures and enhanced tool
lubrication (MQL). Under dry cutting condiths, innovative performance [7].
Stl’ategies are required to minimize '[OO| wear and friCtion. One The geometry and placement Of miﬂﬂxtures p|ay acritica|
promising approach is the application of miceatures on the role in determining tool performance. For example, cross
cutting tool surface. These mietexture$ typically fabricated  pattern textures have demonstrated superior results in titanium
using techniques such as laser surface textroan reduce alioy machining compared to circular patterns, primarily due to
the effective contact area between the tool and the chip, therqhyproved tip flow and reduced friction [8]. Similarly,
lowering the coefficient of friction and promoting improved comparative studies on texture morphology in Inconel 718
chip evacuation and heat dissipation [1]. ~ revealed that micrdimples mitigated tool wear more

S Several studies have confirmed that approprlateIy)ffecti\,(:ﬂy than micregrooves [9].
designed micrdextures can significantly enhance cutting  Ajuminum alloys, particularly AA7075°6, have also been
performance. Micrdextures applied to the rake face have beeme focus of micreexturing research. Micrgrooved and

shown to lower cutting temperatures, reduceitcub friction,  dimpled tools have demonstrated improvements in reducing
and improve both suate finish and tool life [2, 3]. However,
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cutting forces, enhancing chip segmentation, and improving To identify the research gaps and build the conceptual basis
surface quality during the orthogonal turning of AA70I%  of this study, Table 1 presents examples from selected literature
[10]. Building on this, [11] extended the concept to rotary toolstudies, summarizing the texture type, textured surface,
and found that micrtextures lowered cutting temperatures andvorkpiece material, machining operation, and primary
improved surface integrity during the turning of aluminum outcomes of each sa. This comparative synthesis aims to
alloys. More recently, Agari et al. (2024) provided evidenceserve as a reference framework for the proposed design
that micretexturing can enhance machining performance eveimnovation developed in this study.

under minimal lubrication conditions, while [12] reported that

tailored lasesstructued tungsten carbide tools improved

tribological behavior and wear resistance in aluminum alloyable 1. Summary of tool textures, materials, and results from selected studies.

turning operations. Author( Texture Tool Material ~ Machini Key
The synergistic integration of mictextures with S) Type  Surface ng Type Outcomes
L . . . Mazzone Circular & Rake Cemente Turning  Reduced
Iubncauo_n techniques _has alsq begn mves_nga_ted. For ex_amplg0 etal. Linear Face d Carbide tool wear
CNT-enriched nanofluids applied in combination with micro (2024) and cutting
grooved tools achieved significant reductions in cutting forceclvI o Var = Vo o fgrces .
and surface roughse during the machining of AA707B5 5000 Wanows - Zere i
[13]. Likewise, the incorporation of solid lubricants into micro  (2021) of texture
holes or grooves was found to extend tool life and improve benefits
machining accuracy [4]. Kishawy Micro- Rake Various Turning  Friction and
. . . . . etal dimples Face temperature
Most studies in the literature have primarily focused on (2921) reduction
texturing the rake face of cutting tools. In contrast, the presentouathiy Cross Rake TiBAI4V  Turning  Best chip
study adopts an innovative, desigriented approach by ?2?2?') shaped  Face :"OW at”d
. . . . owest wear
exploring the implementation of mlc{exture_s not o_nl_y on_the Bharath  Honeyco  Rake Inconel  MOL improved
rake face butalso on the flank face. This multidirectional g mb & Face 713C Turning  tribological
surface modification strategy is expected to significantly Venkates Rectangul performance

influence chip flow behavior, tool wear mechanisms, friction &" 25) ar

management, and thermal dissipation during cutting. Instead O§arcia ~ Muliple ~ Rake TiGAI4&V  Review  Summary of

performing an experimentalinvestigation, this research Fernande Face enhanced
emphasizes the design potential of fldake texturing and Zetal cutting
evaluates its feasibility based on prior findings. The overa"(2024) performance
altaies ity pri gs. "Santana Ultra- Rake Stainless Dry/Lub  Lower
objective is to contribute to the design framework for next etal. short laser Face Steel ricated  temperature
generation cutting tools by critically disesing the benefits and _(2023) . _ Turning _and wear
challenges associated with megtirface texturing strategies. ~ Wu etal. - Micro- Rake — Ti6AMV  Miling  Temperature
(2021) channels  Face reduction
Musavi Grooves Rake AA7075  Turning  Reduced
etal. & Face T6 forces and
2Exper ment al Des gn (2022) Dimples improved
surface
2.1. LBneedt Coemparative Summary _ finish
Khani Grooved + Rake AA7075  Turning  -32% force,
In recent years, numerous studies have demonstrated thaf®2>) ~ CNTfluid  Face 16 ﬁfgﬁ;ﬁon
applying micretextures to the surface of cutting tools can knaniet Solid Rake Steel Threadin  Improved
significantly enhance tool performar@carticularly by al. lubricant  Face Alloy g accuracy
r ing friction and h neration at thei interface. ~ —(2021a)
eFiUCfg ction and ea’F gel € a’:.o att etobip te ar::e .. Khaniet Micro- Rake Steel Threadin Extended
Micro-features sut as dimples, inear grooves, and hybrid 4 holes Face Alloy 9 tool life
textures are most commonly applied to the rake face, wherg2021b)
they have been shown to lower cutting forces, delay tool wear,YOéIJS(ifVI Linear $Ot?ry AAT075 $0tary ?etter t
. . . and et al. 00 urning emperature
and improve surface f!n|sh [2, 3, 10]. However, the te_xtu_rlng (2025) (Rake) and surface
of the flank face remains relatly underexplored, despite its integrity
potential role in mitigating flank wear and contact friction Agariet Micro- Rake Steel Turning  General
during machining. As illustrated in Figure 3, microscopic a2|.024) textures  Face  Alloy i‘?}i’::;rs"e"“”ce
examinations of cutting tools during turning operations reveatg, man  Tailored  Rake AlB061-  Tuming _ Enhanced
that wear occurs not only on the rakepjtsurface but also on  netal. laser Face T6 tribological
the flank surfaces. Prior experimental findings further suggest(2023)  structurin behavior

g

that builtup edge (BUE) forms not only on the rake face but
also along the flank face. Therefore, incorporating fitade
texturing into the design framework is expattto provide a
more innovative and comprehensive perspective.
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)

2.Qonceptual Experi ment al F rlracorgrast grdoweype textures facilitate directional coolant
_ _ flow and assist in chip evacuation. A combined texture
Workpiece Material arrangement, alternating pits and grooves, can provide

The selected workpiece for this study is the widely usedynergistic advantages by integrating both functionalities.
aerospacgrade AA7075T6 aluminum alloy, known for its These mechanisms Hiight the critical role of texture
high strengtito-weight ratio and mechanical reliability. geometry and its application to both the rake and flank faces in
However, due to its ductile nature, it tends to form buplt  jmproving chip control, minimizing tool wear, and extending

edges (BUE) on the toalurface, which can adversely affect {gq| |ife under coolangssisted cutting conditions [16].

cutting performance, tool life, and surface integfit§,11] i ) ) ) )
In Figure 1,the working system of micrexturing with

cooling liquid was depictedo express micrdexturing more

Cutting Tool and Texture Design clearly. ) .
The proposed cutting tool geometry is based on CEPE Fogure 2. Cutt ng nserts w th d

. . . . | near roove, and comb ne
uncoated carbide inserts, which are commonly used in g
aluminum turning. Unlike previous studies that focused solely Figure 3Flank and rake wear on a
on the rake face, this study proposes applying rtexaires to WNMG 080408insert after a turning operation

both the rake andldnk faces using laser surface texturing
technology. In facing and surface turning operations, wea
occurs not only on the rake (top) surface but also on the flan
surface. BUE formation is not limited to the rake surface; it alsc
develops along the flankace during flank wear. This is

illustrated in Figure 3, which presents a microscopic
examination of the rake and flank surfaces of a worn turning

Cutting fluid

Workpiece

tool. It is expected that incorporating flaskirface wear
behavior in addition to raksurface observations will yield
more accurate insights. This dtsalrface approach is intended
to influence both chip flow and flank wear dynamics.

The geometrical design and strategic positioning of micro
textures play a pivotal role in defining the tribological
performance of cutting tools. Rifpe textures can act as miero
reservoirs for cutting fluids, thereby reducing friction and
material adhaen by decreasing the real contact area between Selected texture configurations:
the tool and the workpiece. f Non-textured tool (reference)

1 Linear groove micrdexture
i1 Pitting groove micretexture

1 Combined gitting + linear)
Figure 2illustrates the conceptual design of the textured and
nontextured cutting tools.
In support of the duadurface texturingpproach proposed
No (e ured Pitting microtexture in this study. Pactical observations from previous turning
operations have indicated significant wear not only on the rake
face but also on the flankace of the cutting insert. As
illustrated in Figure 3which shows flank and rake wear on a
WNMG 080408 MR2 (Boehlerit) insert after a turning
, operation, both surfaces asabjected to intense contact and
Linear groove microtexture Combined microtexture thermal stress.
Based on this field experience, incorporating minxtures on
Figure 1. Micretexture structure with cutting fluid [16] the flank face in addition to the rake face has been considered
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a strategic design decision to potentially reduce flank weaftubricant and reduce the effective contact area, thereby

improve thermal management, and extend tool life. minimizing friction and material adhesion. Similarly, literature
and experimental studies have shown that migomves
Cutting Parameters and Cooling Conditions facilitate chip flow and fluid guidance, enhancing cooling and

Cutting speed, feed rate, and depth of watekept constant evacuation. Moeover, when combined, alternating pit and
across all trialsAs the oding method, &andard emulsion  groove structures create a synergistic effect that improves chip
based coolantwas used to reflect conventional industrial control and reduces thermal load. Applying such textures to the
conditions.This setupvouldallow for the isolated examination flank face is particularly relevant for mitigating friction and

of the impact of texture design on tool behavior. wear at the todworkpiece interface during flank engagement.
This duatsurface texture design introduces a novel approach to
Experimental Setup tool optimization, aiming to reduce cutting forces, extend tool
life, and improve surface finish [16].
1 Machine tool: CNC lathel{a k € s a wl@8 NE X Theoretically, micrepits and grooves on the rake face are
9 Tool holder: Standard ISO tool holder compatible withexpected to limit BUE formation and minimize heat buildup by
CCGT09T304 BAL ( Boehleritjnserts reducing the contact area at the fablip interface. On the
1 Workpiece geometry: Round bar of AA70TS  flank face, textures can delay wear caused by friction and
aluminum alloy cutting forces ating on the relief surface. This effect becomes
particularly significant when machining higtrength
Measurement and Evaluation Plan aluminum alloys such as AA707B5, which are widely

employed in the defense, aerospace, and aviation industries due
Each texture configuration undegntrepeated trials, during to their high strengtto-weight rato and excellent mechanical

which the following parametekgere monitored: performance. These alloys are commonly used in aircraft
1 Surface roughness (Ra): Measured every three passkselages, structural components, and UAV frames. However,
using a profilometer their high ductility and strong adhesion tendency pose

1 Tool wear (VB): Inspected using optical microscopy machining challenges, including accelerated tool weart-buil
1 Chip morphology: Analyzed visually and, if necessary,up edge formation, and poor surface quality. Consequently, the

via imaging systems application of micretextures to both tool surfaces offers
Repeated measuremengmsure statistical validity and promising benefits by mitigating these issues and making the
offered a reliable comparison of tool performance under eaclprocess more efficient and suitable for industries requiring high
condition. precsion and surface integrity.
Despite its conceptual advantages, implementing this dual
2. 2cope and Contribution of sufice teSiras degign in reabrld experimental setups
presents several challenges. For example, accurately aligning
Although this is not an experimental study in practice, theyng controlling the laser texturing process on both surfaces of
objective is to propose a conceptually innovative antsmal inserts sch as CCGT requires advanced positioning
implementable design ohicro-textured cutting tools,nlike  systems and specialized tooling. In addition, ensuring
most literature studies that focus exclusively on the rake faceiepeatability and uniformity of texture features across a batch
f This study introduces a dufiice texture concept of inserts can limit largecale production. Moreover, tool

applied to both rake and flank faces, performance is highly sensitive the geometry, orientation,

1 Compares three distinct micpatterns (circular, angd density of the textures, making optimization a complex and
linear, and combined), time-intensive task. Finally, isolating the individual effects of

f Bases the design on widely used materials and toqhke versus flank textures in empirical studies would
geometries (AA707856 and CCGT), necessitate carefully controlled experimenithvgufficiently

1 And, ultimately, establishes a feasible predictive|arge sample sizes.
framework for future experimental validation. Nevertheless, the conceptual study presented here

This conceptual study aims to bring an innovativeemphasizes a significant design innovation: the application of
perspective to cutting tool design and proposes a predicti@atsurface micretextures specifically tailored for the
plan for machining operations conducted under coelantmachining of difficultto-cut alloys. In contrast to previous
assisted conditions, rather thdry or semidry environments.  \yorks that primarily feused on singlsurface texturing, this
approach introduces a more comprehensive strategy that could
potentially be extended to other tool geometries and workpiece
materials. The key innovations and takeaways from this study
include:

Introduction of a novel design strategy involving rake

and flank face textures

1 Evaluation of three micrtexture patterns (pitting,
groove, and combined)

3D scuss on and Conclus ons

The theoretical rationale for applying mietextures to both
the rake and flank faces of cutting tools lies in their potential to 1
improve tribological behavior and cutting efficiency. Miero
pits on the rake face act as migaservoirs that trap coolant o
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T Application focused on AA70Z%6 aluminum a||oy martensitic stainless steel under dry and lubricated conditions. Proceedings

using standard CCGT inserts of the Institution of Mechanical Engineers, Part B: Journal of Engineering
1 Experimental framework built around coolaadsisted Manufacture, 2023,

p_ . " [7] Wu, Z.; Xing, Y.; Chen, J. Improving the performance of miwtured
turning rather than dry or serdry conditions cutting tools in dry milling of T6AI-4V alloys. Micromachines, 2021,
12(8), 945.

This study establishes a theoretical foundation that can b8l Fouathiya, A.; Meziani, S.; Sahli, M.; Barriere, T. Experimental
further validated through future experimental investigations. In investigation of microtextured cutting tool performance in titanium alloy

. . via turning. Journal of Manufacturing Processes, 2021, 691633
partlcular, the proposed duslirface texture deSIQn could be [9] Bharath, H.; Venkatesan, K. Effect of honeycomb and rectangular textured
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mills, and threading taps, thereby enabling broader applications conditions. Materials and Manufacturing Processes, 2025.
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Abstract

This study introduces a sustainable, structured approach for recoimgjtfeeavyduty turning inserts such as YNUX and LN@d¥mmonly used

in pipeline fabrication, wind turbine manufacturing, and pressure vessel industries. By extending tool life througtep fiyele (collection,
inspection, CNC regrinding, PVD/CVD recoating, and quality validation), the process sighjfieahtces material consumption, procurement
costs, and wast&tudies and feasibility studies have shown that the cost of regrinding and coating used cutting tools is approxirtfzitely one

of the cost of a cutting tool with zero regrinding. Furthermaesgrcontrolled inserts can be reconditioned a second, and sometimes even a third
time. Evidence in the literature suggests that reconditioning can reduce tool costs by at%efs¢B80and reduce CO emi ¢
recycling of critical raw materia such as tungsten and cobhlterature evidence indicates that reconditioning can reduce tooling cost$ by 30
50% and slash CO emi ssions through r ecy c | -fonmgt spnfmetdcrinsettd canaylpicallya w r
undergo up to two regrinding cycles without compromising performance, providegrposss quality control is ensured. Moreover, the
methodology is designed for scalabidtyocal recaditioning hubsalign with circular manufacturing and prodisetrvice system strategies, and
support future experimental validation and industrial implementation.

KeywoHedasstyt y Mach n ng, Tool Recond t on ng, C rcular Man

1. I ntroduct on extend tool life and reduce environmental impait8]1 These
methods not only contribute to circular economy strategies but
Sustainable manufacturing has emerged as a vital paradig{lyo align with Industry 5.0 goals by enabling resowffieient
in modern metal cutting industries, particularly as the demanghd intelligent manufacturing practices [4].
for energy efficiency, material conservation, and environmental
responsibility has grown exponentially. In higblume and Several studies have demonstrated the feasibility and
heavyduty machining operations, the replacement of wout  penefits of reconditioning processes. For example, Pacella et al.
cutting tool$ especially carbide insefisrepresents a major [2] proposed a lasesased repair technique to restore cutting
cost factor and a significant source of industrial waste. Thisgge geometry, while Soldatov et al. [3] evaluated the
issue is particularly critical in pipe and tubular componenperformance of remated diamond tools in composite
machining, which is essitial to industries such as natural gasmachining, reporting comparable results to new tools under
pipeline construction, wind turbine tower manufacturing,speciﬁc conditions. In a study by Konya and Kovacs [5],
pressuré vessel production, and petrochemical equipmeiconditioned inserts used in milling of nickesed alloys
processing. exhibited competitive surface roughness and amwe
characteristics relative to brand new tools, indicating the
In these sectors, largermat turning inserts are heavily used re|iability of such approaches under heanty conditions.
to perform roughing and finishing operations on thigklled,
difficult-to-machine workpieces. Such inserts often experience |y addition to direct tool performance, the sustainability of
localized edge wear, fracture, or surface degradati®t a yeconditioning also encompasses material recovery. The
significant portion of their carbide mass remains intact angecovery of tungsten and cobalt from scrap carbide tools has
potentially reusable. gained traction through both chemical and physical recycling
methods [6, 7]. fomaa et al. [9] compared various recycling
Recent research efforts have increasingly focused on thgutes in terms of energy consumption and environmental

concept of tool reconditioning, which includes the regrindingfootprint, suggesting that optimized chemical recovery offers
edge preparation, and recoating of cutting inserts as a way pPomising sustainability benefits.
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Tool reconditioning also plays a pivotal role in reducing the
carbon footprint associated with new tool production. Arrazol:
et al. [1] emphasized that extending tool life directly reduce
the frequency of energytensive manufacturing cycles and @
mining activities required for new carbide production.
Similarly, toolproductservice systems (PSS) evaluated by
Lanzilotti et al. [12] highlighted how integrated reconditioning
programs can reduce annual tool costs while minimizin
landfill contribution.

7

LNUX YNUX

However, despite the technological viability, reconditioning
remains underutilized in certain sectors particularly ir
operations involving heavgluty turning inserts due to
uncertainties regarding geometry restoration limits, coating hi s paper proposes a concep
adhesion, and posteatment performance predictability. Therer e condi t i oni ng of ssutcaehg et ocoy csli,
is, therefore, a pressing need for wathuctured frameworks ¢ an bdearsdtiazned and regionally
that identify which insert geometries aregrendable, under
what conditions coatings can be successfulhapplied, and
how the refurbished tools bela in realworld machining
environments [1011].

In addition to environmental gains, the reusability of cutting
tools presents strategic cost optimization potential. Rather than
focusing solely on procurement reduction, the value lies in
minimizing tool change frequency, stabilizing production
quality, and reducing unplanned downtime factors that have a
cumulative financial impact in higtiolume manufacturing. By Figure 1. Heawduty turning inserts used in pipe and pressure vessel
aligning insert design, regrinding feasibility, and coating machining (YNUX and LNUX types).
compatibility, manufacturers can achieve substantial
operational efficiency. As sugh an industrytailored
reconditioning model does not merely complemen

sustainability efforts but actively enhances overall procesggeq inserts are collected from production areas and undergo

economics. visual and dimensional evaluation. Common wear and failure

types include flank wear, notching, minor chipping, and rake
2Conceptual Framework and Rg&aftiont ins8rd thdt Exhitsit lofafizEdSd@mage but retain
structuralintegrity are classified as regrindable, whereas those

The reconditioning of heavgluty turning inserts presents a th fract i | K or def i
technically viable and environmentally beneficial alternative tg/'th Macrotraciures, thermal cracks, ormajor detormation are

full tool replacement, particularly in sectors with high toolexCIUOIed from further processing [5, 6].
consumption such as natural gas pipeline fabrication, wing 5

turbine taver manufacturing, pressure vessel production, an
petrochemical equipment machining. In these industries,-large

format carbide inserts are exposgd to extreme meChan'cﬁalstoring ISGcompliant geometry including the nose radius,
loads, thermal gradients, and abrasive wear yet they often retgip,5rance angles, and if applicable, chipbreaker forms. In
a substantial volumef reusable carbide material after initial heavyduty applications, uniform edge quality and symmetry
edge failure or localized wear. are essential fozonsistent performance. Based on the original
wear pattern and insert dimensions, 1 to 2 regrinding cycles are

Prominent insert types used in such applications includ§enera)ly feasible before the insert becomes undersized [2, 5.
YNUX, LNUX, and other square or rectangufarmat,

doublesided turning inserts. These geomeiie@mmonly Key grinding targets include:

produced by manufacturers like Boehlerit are designed for Symmetrical edge formation

high-load roughing operations ahick-walled pipes, forged 1 Adequate chipbreaker clearance

rings, and heavy hollow shafts. Their robust construction 1 Controlled edge rounding for coating compatibility
makes them suitable for multiple reconditioning cycles,

provided the geometry is preserved within ISO tolerances.

g. 1. Collection and Prelimina

Regrinding and Geometry

Regrindable inserts are processed via CNC profile grinding,
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2.3. Surface Preparation and Coating Reapplication Accepted inserts are cataloged and stored for reuse. Their
performance may then be validated through controlled cutting
After grinding, inserts are subjected to surface cleaning antlials in operations such as pipe end facing, weld preparation,
pretreatment to ensure proper coating adhesion. Commour beveling of thickwalled components [3, 7, 12].
techniques include: Figure 2. Weld-prepped pipe
1 Micro-abrasive blasting
1 Chemical degreasing or etching

1 Plasma or ion bombardment

This visual highlights a direct industrial usease for
reconditioned insertseld prep machining, a critical operation
where precise edge quality and consistent insert geometry are
Reconditioned inserts are then coated using appropriatssential for downstream weld integrity. Reground and
techniques such as PVD (e.g., AITiN, AICrN) or CVD (e.g.,recoated inserts can meet such demands with proper process
Ti CN/ Al o ) dependi ng on t hcentroma csimplified miggramm cuminarizingotines propoted
PVD coatings are typically preferred for finishing operationsrenewal cycle is illustrated in Figure 3.
and medium loads, wial CVD provides higher thermal and
abrasion resistance for roughing and interrupted cuts.

4

Figure 3. Heavy duty insertenewal cycle

This reconditioning framework is fully aligned with circular
economy models and is suitable for regional implementation in
industrial hubs such as Bursa. By establishing localized
grinding and coating centers, companies can reduce logistics
costs, decreasdurnaround time, and standardize reuse
protocols across multiple plants. This approach can yield up to
50% savings in tooling costs while significantly lowering
material waste and CO emi ssi

Contributions to Sustainability and Industrial Impact

The reconditioning of heawgtuty turning inserts aligns directly
with the goals of sustainable manufacturing and the transition
to a circular economy. As global industries increasingly
tmphaBize tcarbo® heatrhlitye Wwalst@ reduction, and material

) o ) efficiency, the reuse of carbide inserts emerges as a practical
Following recoating, inserts undergo a set of quality CheCk§trategy with measurable impact.

to verify performance readiness:
1 Measurement of cutting edge radius

2. 4. Control and Re

Quality

Table 1 Skewmamper bdbr mance outcomes fr

1 Surface finish inspection support our conceptual model .
1 Coating thickness validation : -
q  Visual examination under magnification Study Performance/Benefit Contribution to Our
(Author, Paper
Year)
1 Arrazola Demonstrated ~30% Supports economic and
etal., extension in tool life with sustainability impact
2024 1] sustainable machining claims
improvements
2 Igbal et Linked tool life to work Reinforces importance
2 = al., 2022  surface quality, enabling of quality checks in our
[2] process optimization reconditioning cycle
SSEEREEIeE 3  Pacella & Laserbased reshaping Justifies technical
Hazzan, restored insert geometry feasibility of edge
n 2022 [3] with performance restoration in our model
el 4 Soldatov  Recoated diamond tools Validates recoating steg
etal, showed similar cutting  for difficult materials in
2022 [4] performance to new ones our process
5 Konya & Reconditioned inserts Supports reliability of
Kovacs, maintained surface regrinding for heawy
2023 [5] roughness within duty applications
acceptable limits
Return to Production 6 Pacini et Efficient recycling of Connects to
al., 2023  WCi Co chips, reducing  sustainability/material
[6] raw material waste by  recovery aspects of our
~35% framework
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7 Kumaret  Showed benefits of tool Aligns with circular | n a typ od aulme h hg_::ha Vy mac h n
al.,2023 recycling i economy aspects and
[7] contexts local center concept manufactur drO,, DOMs LM pxg neart :
8 Korkmaz  Green cooling increased Complements our a total costu»FO0,al@dpdsouxm mmagt eal y
etal., tool performance and life surface and coating ,
2023 [8] in metal cutting preparation strategies usfoor new nserts.
9 Laghari et Review of green Supports
al., 2023 lubrication techniques  environmentally driven I mpl ement ng a structaweer er e
[9] with 20 40% reduction in  cutting conditions in our each nsertowaoulrde urseedlu ctcev tclee
wear and energy approach
consumption 3,400 newnﬂ,n&(b(rtse,cond. t Womh
10  Aromaa Optimized recycling Strengthens material average regr nd ngldaasdd 1c2o.abt
etal., routes red recovery & '
2022 [10] footprint by 46 60% reduction claims in our respect vely, each Urlefcdhd tewv
argument cost structur e becomes:

2.1. Environmental Benefits

Cemented carbide insert)s arycp| C IS)E 8¢)np§|Wn Fﬁ‘ﬂ@@? RE’(O%NO
. S o] re.cond ta™1loln? , 2g0:0 .6

cobalbbot(lCogf which are cl assi fgi as cr|t|?a r?w ma i gr,i
) ) t a annua cCOoSs u282,

by the European Commi ssion due to their strategic import
and | imited availability. Mining and processing these ma

are highingt eerdrveey and have sThhnd fiesawkt @nvinr eanmapidplioxsdma i
footphdintRecohditioning hel @d oduRwWanreartende tde hand fepl ace
virgin raw materials and divert,s used inserts from I an

X In add t n to cost sav ngs,
extdem theiri2l ufee d¢d¢ypyops
g yoip kﬁw]frequency, m n m zes nvent o
In compacgtlieeabseesments, lrewanrsi skhéed desewasst ecanAs su

|l ower the carbon i60%t pompaf & Mmagortko deénwersnment &inbgus
manufacturing a new insert atlsg@amgsbt et opefar. ofwirs amaailé
savings in mining,ntgpowdadar, rwwt@auléI@LﬁrthyhgrsS-
proceasl_sle_sof _Whlch are bypas %ﬁj gn ent Iwn%ltzhedcfdr%rullr};\g Ma n
reconditioning [6].
ImIOproposed reconditioning f
ern —sperrO\dlua:et systems (PSS)
From an industri al standp0||n® gehesodlihamgsi dilspavamlges asn
with reconditioning are subasdramss attheigutltiifneg ayocolles [alcZ]o.
approxiim@®eloy 5 otal pro-dutySlompleidesrsser vahchRepvg9viders col

2. 2. Economic and Industrial

machining, yet they have a dlspr portionate effect on me
. . . | nser.t Lecpyvery
downet,i mprocess stability, anﬂdR faurrtb'gH?neln yc[ ,eslz]
Reconditioning can | eai® 0 %,0 ﬁﬁredrlecdlicvte' Q/vnesar%gragcoking
depending on insert geometry,ﬂ §L?§t&Pr’i‘glﬁlté-BJ‘i’is‘ﬁeSQaFoé‘f'é‘
[ 8, 107].
Mor eover, the establishm@gntsyxfh lke¢alul apcaendhtegnesgandl
especiallryalnregdass |ike BuhsdacKsgtrA§Ubcoddmkey and
of fers opportunities to: 5.0 directives [4].
1 Shorten tool delivery tign®snclus ons and Recommendat
T Locali aedeal services
1 Strengthen regional suppllhy Schpadipnesr presents a scalab
1T Reduce dependency on i ntrercmatdiidrnr aloitygod eséuvpgpd i ensert
wind turbine, and pressure Ve
. Ea orrodd eexd i on |nspec i
These benefits are partlcullg E/y I"evant T n tHe ? \//
i C\ arte ng, andtqh amfotdyel ae\
and petrochemical sector s, ?re l,arge '"vol umes
. I i fe,. redl]J(]:es COF
inserts are consumed for p|p mach|n|q_%, ange aC| rg';y
. emi ssi ons. e conceéept s
bevel preparation.
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and addresses Industry 5.0 goalddl ins&ts,ste durthem geheralize tha tproposed d a
industrial examples, symmetrr i creusahilgydramewoxgBs.metri es ( YNUX,
LNUX) can undergo mul tiple reuse cycl es without
compromising performance. THetonslysion the ingaratign of,giryctined, recopdisionigg ¢ s
|l ocalized recomabtltiogi ogeh aFizEa%eB'?F'd”ltO h%@@% rnaﬁhémng workflows provides a

d advancin environmental aablre, c%seff%ctlvg, iarﬁj ¥ evlrc.)rr}]merétzﬂlyi _r%sponsmlg Par%h h i
3 2 Lume indus ? fies Fo%vard. A8 Rahdtatlri g ontifliés to align with? circulBr

economy princi@s, reusability models such as the one
proposed here will be vital for achieving both sustainability and
Key conclusions from this study include: profitability.

f  Reconditioning reduces tooling cost up to 50% References
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Abstract

In this study, the surface characteristics, chip morphology, and tool wear behavieBAif4V material produced by Electron Beam Melting
(EBM) were analyzed and interpreted after milling operations. The {ti¥cated specimens were subjected to millingler various cutting
parameters, and surface roughness, chip morphology, and tool wear were evaluated. It was observed that surface reagedesglirttgher
spindle speed and axial depth of cut. At lower cutting speeds, chips exhibited a latngtaire, whereas at higher speeds, they were oxidized
and deformed. Additionally, the formation of segmented chips was found to emphasize the layered structure of the matmeakdge and
chip adhesion were observed. Types of wear such as catlggyrounding, buitip edge (BUE), and microcracks were identified on the tool. It
was suggested that these adverse effects could be mitigated by employing appropriate tool geometries, coatings, abdcatadingtrategies.

Key woHIdescct ron BeamTMeadt Mg,SBUEBHEYre KdougphiMos Pdoll oWeyar Mech

1. Introduction cutting path intersects the layers. Cutting perpendicular to layer
planes tends to be beneficial, yielding smoother surfaces and

Titanium alloys produced by additive manufacturing!oWer tool wear, whereas cutting parallel to layers can
technologies differ from those manufactured by convention&xacerbate surface defects and wear. This insight is valuable for
methods due to their microstructural variations and anisotropRi@nfing the orientation of parts boih printing (to favor a
mechanical properties. Among the prominent methods in thibachinable orientation for critical surfaces) and in fixturing for

context, Electron BearMelting (EBM) enables the laydsy- ~ machining [45]. , .
layer melting and shaping of metal powders in a vacuum A review of the literature reveals that subtractive machining

environment using a higénergy electron beam. It offers studies on titanium alloys are relatively limited. In this study,.
advantages such as high density, low porosity, and controlid3€ Surface roughness, chip morphology, and tool wear-of Ti
microstructure, especially for alloys like-BAl-4V. However, 0Al-4V alloy produced by the Electron Beam Melting (EBM)
metal parts produced by additive manufacturing often exhibpethod werénvestigated after m_llllng operatllor!s. Deformatloq
higher surface roughness and geometric deviations comparedi@'ks, surface defects, and chip characteristics formed during
those produced by conventional techniques. Therefore; poffachining were analyzed and classified. Additionally, the
processing steps are necessary to achieve the desifiting tool used in the milling process was examined in detail,
dimensional tolerances and improve surface quality [1]2d the types obbl wear were identified.

Subtractive manufacturing processes such as milling not on
enhance surface finish but also contribute positively to th
mechanical performance of the workpiece [2]. Machining _ )

parameters such as cuttisgeed, feed rate, and depth of cut 116AI4V specimens produced by the Electron Beam
have a significant influence on surface roughness. Particularfj€tind (EBM) method were prepared in rectangular prism
for Ti-6Al-4V, which is categorized as a difficuti-machine form with approximate dimensions of 20 mm x 20 mm x 50
material, the proper selection of machining parameters cdAM (Figure 1a). The layer thickness was 70 microns, beam
substantially improve surface qugli [3]. Experimental PoOwer was 3 kW, preheating temperaturaswd00°C, and
research to date has shown that6Ai-4V components POWwder particle size ranged betweei 436 microns. No post
produced via electron beam melting can be successfu‘lg[ocess'”g was applied afFe_r fabncauc_)n; the specimens were
machined to highlquality outcomes, though certain nuance irectly subject_ed to mag:hmmg operauo_n_s. The egpenmental
distinguish their machinability from conventional material. AStudy was carried out using a vertical milling machine (Fégu
consisent theme is the influence of the EBM build 1P)- A carbide end mill (Boehlerit BTCK30M @8 mmfldte,
microstructure and geometry on machining performance. TH2lid carbide) was employed for the cutting operations (Figure
layered anisotropy of EBM parts means that machining resul{d)- The cutting parameters included two spindie speeds (1000
(surface roughness, chip flow, tool wear) depend on how tH@M and 3000 rpm) and two axial depths of cut (0.5 mm and 1

|
g Experimental method
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mm). The feed rate was kept constant at 0.8 mm/tooth, thermal shocks generated thermal stresses in the tool,
resulting in four different cutting conditions. Radial depth ofleading to softening, cracking, and material loss at the cutting
cut is 10 mm. All milling operations were performed under dryedge. The presence of microporosity and hard particles in the
cutting conditions. The surface quality of the machinedEBM-produced material accelerated the formation of
surfaces was measureusing a Mitutoyo S400 surface microcracks on the tool Additionally, typical wear
roughness tester. For each surface, measurements were takemathanisms such as builp edge (BUE) formation and crater
three different points, and the average value was recorded. Thear were observed, adversely affecting both cutting
chips generated after each cutting condition were carefullperformance and surface quality.
collected and examined under a Nik&clipse L150 optical e . |
microscope at 50x magnification. The used carbide end mills .
were also inspected under the same optical microscope
following the cutting operations.

F .dBool wear at 1 mm ax al depth of

Figure4 presents the chip morphology formed at 1000 rpm
under different axial depths of cut. At a cutting depth of 0.5
mm, the chips are shiny, torn, and lamellar in structure,
showing continuous but irregular fracture. This morphology is
a) Prepared T6AI-4V specimen b) Vertical milling machine anc  attributed to the layece structure resulting from the EBM

ﬁgteeiflse(;'ltidBcT;Eﬁg'\fogs mm. 4 process. Ata 1 mm axial depth of cut, the formation of serrated
(segmented) chips becomes more pronounced, and the EBM
induced layers are more clearly visible. The segmented
F g. 1. The spec men, mach ndlOMRNRIgAys3sgocipted withdhe formatipmdfabatic shear
bands, due to the inablility to dissipate heat from the cutting
zone caused by the low thermal conductivity of titanium.
o - K, . b v

3. Results and discussions

The results related to surface roughness, chip morpholog
and tool wear resulting from the milling of-BAl-4V material
produced by the Electron Beam Melting (EBM) method unde
different cutting parameters are presented. It was observed t
high spindlespeeds increase the risk of tool wear and therma
damage on the machined surface (Figure 2). The increase in a) 0.5 mm ax al depth of cut (x50
surface roughness with higher axial depth of cut is primarily
attributed to the rise in cutting forces required to remove more
material, which irturn intensifies vibrations in the workpiece.
Moreover, at higher axial depths of cut, the chip formation
process deviates from continuous flow and transforms into
undesirable modes such as tearing and smearing, thereby
negatively affecting surface quality

b) 1 mm ax al depth of cut (x50)

~ 4

83 F .4 Ch p format on at 1000 rpm

3]

=1 —o—1mm

m . . .

o ——0.5mm In Figure5, the chips formed at a spindle speed of 3000 rpm
1000 3000 appear blue in color, indicating high temperatures and

oxidation in the cutting zone. Linear marks on the chip

surfaces, indicative of plastic deformation, are clearly visible.

With increasing depth of cuthe chips exhibit increased

F .. Graph of the relat onsh p betregghmness amodgenounoadiayered stracture, apd adistiact s |
serrated form. Additionally, dropldike adhesions were
observed along the lower edges of the chips, attributed to the

In Figure3, corner fractures, microcracks, and wear markﬁ?ayered manufacturing process atiee presence of molten

observed on the cutting tool are attributed to the low thermalianium oxide.

conductivity of the Ti6Al-4V alloy, dry machining conditions,

and unsuitable cutting parameters. Elevated temperatures and

Number of rev. (rpm)
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structure, and produced serrated chips. Observed wear
modes included edge rounding, buift edge, microcracks, and
corner fractures. To combat these issues, use coated tools with
positive rake angles, apply MQL or cryogenic cooling, favor
low cutting speds with high feed rates, and consider post
process heat treatments (e.g., annealing) to enhance tool life
and surface finish.
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high performance reqaiimrdemaf tapptrn

Extended Abstract parts, turbine components, auto

armor systems i s i ncrteiatsd migu nd agl
Titanium is frdgbéeiatdcwdtpried &,r redpeniiad | yimhted due to its hi gt
heavy conditions requitwedgqhlitghmasdhiemighihltidtugo mmeuddyiGall 4\ ght i t ani
high strenfit6Apbd4vYpérades5 i s a ({diitaareitiem bods esd0 amrh opwads aa pl pel nigetdh
wi Ukphase and is widely prefernadnimgaprospaseundémomeudstcailnab
and defense industry applicati maghiduwa&bitloi tiylT A e & i cohber miadcracten.g¢ dmp d
density, superior corrosion resdé¢isdminc®l g@mad p ebritoiceosmpoifs i tlshtdu idTyiy ¢

propertieserbDoe poopensattserops;alTsin6fil y&/n in Table 1 and Table 2, re

Table 1.Chemical contents of Ti6AI4V. Table2. Mechanical properties of Ti6AI4V
Elements Content (%)

0.01 Properties Value
N 0.01 Tensile strength 1000 MPa
O 0.14 Yield strength 830 MPa
H 0.002 Elongation 10 (%)
\% 4.00 Hardness 340 HV
Fe 0.08
Al 5.90
Ti 89.86

TaegudNeMG 120404 EA TIS2W10PVIDSO SO05

Al Ti N/ Ti N coated cutting tools were used as cutting tools in tu
experiments. A new <cutting tool corner was used in each
experiment al parameter. The wor kpi ece was rigidly mount ed

bet ween the chhickTheadcuthtei n@aitdtcdlos were rigidly
mounted to the body with-TBhe TBur st PCLNR 2020 M12

tool holder. Turning experiments were carried out on the Accuwa
JT 150 turning center. Before the experimental study, the devic
mai ntained and chebkedxpprdhmeatnal fetudy.
experimental setup is shown in Figure 1
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positioned 20 mm fr dmctehe MQWt Siyt
was set as 8 bar, 70 il/lbscfhl ovworr
tube cooling system was wused fo
supply to the MQL system was pr
' ine pressur e Awiagi tsaelt miscr® sbap
AM73915MZT4 was used to deter mi:|
si de surface wear . A Fiphlas e po
measur ement capacity and conne
transformer was used t o ndpetiernmi |
As ustainabl e cooling/lubricati
F gure 1. sexper mentalconditions were prefermiedi muln)
guantityMQuUbr@badiroadmegz@yonal b

I'n this study where the perfor maintcrei deev A& d fi( IGwWi @hfB Neandoiretseinuma n(b7a
friendly cooling/ |l ubiicateonududarhgtMgothandwaé 8) MgO+Vortex. Su
speed, feed and cutting depth ppaerrafnoertnearnsc ever edde e omi nerh xwinuhm
data obtained from the prelimiananmgunmextpiean meavasradatsungaceeceroc
fereaddl@d cutting depth were talkwear aweWtee nussteldet r éd Dul tesacohbt ai nec
experiment as 100 m/ min, O0.22 mm/urdeyv,wearned eOx. abmicmng d ;r ®@1p)e Etinp @ el iy
An Optris Pl 450 infrared (Il R2wWadveombdhi madneumdewasdrwsedontdot i

determine the maxi mum temper at uwraes voabtueisnedd wthmheéercutMgiOryoant er.
or chert to be affected by negat i e gehreds td ipsoandefrd ndgaumny sw ndeiteiadsu u a tdi avi
(burr and part splash, etc.), Wathwas podgdieri dngd camd280 omm fWwho
I R camera area. After the expeméemsuntsd wi plord4abdbl WatMahhowWMarsnd
PS10 surface roughness measuringcdeding was tuhseeds t o Bhieq s wa édthm
average roughness val ues of t hie g lpe otc ewsaslede s(w2r. f0a6cs5e sOm) S wrafsa me
roughness measurements were carhrei eldowestt basee O0h. @Ghe GafO wa:
219202021 shtBaN\ndamd. MgO nanopahtybel es covrediet i on.( F(i4dg)ufrdel 5ok e dve ta

provided in the preparation ofamantrf ¢ wd da smitxhteufrbeasieélre vead eulet 4 ;
experiment swerNMamofelpwmirdkesd by mi xmimmg wWer tmneabuaed under fdrayelcrondi
vegebadbéed oil with 0.7% by vol wmd.ueThe .mi0Oxdt urnmg omarss imetass uafed u
three different stages. First esxtpaegcet:e dDaiAant hdD22@0 ofmet haniexa
mi xer , second stage: Bandel i nhywmiopudosol HDYIZ0 @b il ¢ ataiseomi condi
homogeni zer and third stage: magmeadaini e€d t her malh emi xceorn diRrieopnasr.e d
pl e@mtsed mahnofalndi ds were appliedomimathencuotftivingteaneooling an
with SKF Vario MQL device. A 2sumpedi ameper foomaheewasdeaesed!| |
in the cutting zone and i n al l experiments, t he nozzIl e was
450 600 22 0.4
~ 400 _aI\_ 0 _i_ =20 _u:['\_ 0 i
[%:{ = a —i— %1.8 § Eo.z é
£ 350 3 “ %0.2
§ %’Lﬁ i()l
E‘}l){) E]4 i
w . g 2ol
£ 250 'El.z
8 @ 0.1
200 e 1.0+ 0.0
F & FE F &S S E S F & E S
@Q\fx @Y\x é\&x ‘S,Qx é\ (yx KS’ex @ Q\'/x ‘Sﬁx
Green condition Green condition Green condition Green condition
Figure 2. Cutting temperatur Figure 3. Power consumptio Figure 4.Surface roughness Figure 5. Flank wear results
results results results
Keywoild $§AIl 4V; Sustai mammlieng;m
nanofluid; vortex
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Abstract
This study examines the surface and residual stresses
unconventional manufacturing techniques. The aerospace, ¢
of iigk &tr ametalt abheathardness, and resistance to corrosio
residual stress profiles, which in turn affect sstersuscetrdg ruasl
XRDgont act stylamsgd metchodhar dness tests. The findings gui
sophisticated applications by shedding Ilight on thatefial
behavior
Key woRedssi:dual stress; Surface stress; C350 stainless stee
l1lntroduct on throughout long service lifetime#\s such, the machining of
C350 stainless steel is not only a matter of achieving geometric
accuracy, but also of ensuring optimal surface quality and
Nomenclature controlling the distribution of residual stresses within the
microstructure.
0 r ®asidual stress [MPa]
i s Burfdce stress [MPa] The service life of crucial components is significantly
U Strain influenced by residual pressures. Compressive residual stresses
E Young Modules have been demonstrated to increase fatigue strength and
HV  Vickers hardness [kgf/mm?] prevent the spread of surface cracks, but tensile residual
Sa Arithmetic Mean Heighfpm] stresses are frequéntharmful, encouraging crack initiation
S Root Mean Square Heigfim] and hastening fatigue failure. Diffractidrased techniques
S Maximum Peak HeigHtm] offer accurate residual stress quantification, as Noyan and
XRD  X-ray Diffraction Cohen (1987) showed. [1] The intricate relationship between
EDM Electrical Discharge Machining manufacturing procedures and medhbah performance is
further complicated by the fact that surface stresses resulting

Specifications due to its great strength, Heedtable from atomiescale energy and geometric imperfections also
hardness, and corrosion resistance, C350 stainless steel @&ct micredeformation behavior. Such pressures directly
emerged as a material of choice in sectors including aerospaggfect an aerospace spring's capacity to withstanaréailnder

defense, automotive, and energy that require a high level eiktreme service conditions and retain ldgagn dimensional
dependability Because C350 is used to produce high stability.

performance springs, which are essential to landing gear

systems, actuation mechanisms, and vital engine components, The challenge lies in the fact that machininduced strains

the aerospace industry gives it special attention among theffhay manifest either at the macroscale, in the form of
The surface integrity of the materiaged to make springs has measurable distortions, or at the microscale, through localized
a significant impact on their fatigue performance, resistance tétructural transformations. Conventional machining methods
fracture initiation, and corrosion behavior since springs used isuch as milling, grinding, and turning, as well as non

aerospace applications are subjected to repeated cyclic loaglsnventional processes like electrical discharge machining
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(EDM), laser discharge machining, special processes eaclructues to add new dimensions to material behavior.
impart unique thermal and mechanical loads on the surface ansequently, unconventional manufacturing techniques can
subsurface layers of C350. These, in turn, lead to distingeduce the generation of hazardous residual stress. The
residual stress profiles and variations in surface roughnessonsistency of the results will be examined with experimental
Process paramats such as cutting speed, feed rate, depth adata.
cut, and tool geometdy as well as the use of cutting fluids and  Comprehensive comparative studies on C350 processed
advanced lubrication strategies like Minimum Quantityusing conventional and unconventional techniques are rare,
Lubrication (MQLY further affect the surface integrity and despite the abundant literature on residual stress formation in
stress state of the material@ |- , E. , k ek er , stainless steslsaring conentional.and additive manufacturing
& Yél maz, [2V. (2022) processes (Primand Hill, 2004; Zhang et al., 2020¥]]
Therefore, C350 samples were subjected to both manufacturing

Sincethis study focused on a mechanical torsional springrocesses in this study under carefully monitored experimental
with a complex geometry, the results were obtained bygonditions. Xray diffraction (XRD) and strain gage techniques
measuring the shaped surfaces. The goal was to obtain amre used to quantitativebharacterize residual stresses in the
indication of how the defect structures left by differentbulk and surface, while optical measurements were performed
manufacturing methods affect theatarial against torsional using the contact stylus method to compare surface properties
stress. Shaped surfaces of the spring, cut by machining it intcaad surface roughness and to monitor the manufacturing
helical structure, were specifically chosen. Although researchuality. This comprehensive method prassdan irdepth
on torsional springs has been conducted in the literature, tlamalysis of how contact mechanics, heat input, and processing
most similar study on this topis Sudano et al. (2013), which parameters affect the final stress distributidriee mechanical
examined the scalability of magnetic springs and the effects giroperties for heatreated and unheated C350 stainless steel
different geometric parameters on torque density. parts sent to the XRD device are as shown in thie fadlow

Davis, J. R. (2000]5]
Consequently, a deeper understanding of the causal

relationship between machining parameters, surface integrity, Table 3 Mechanic PrEoperti_es Oft C350 stainless steel on the
xperiments

and residual stress evolution is essential for process

optimization when dealing with higberformance alloys such :

as C350. Although prior sties have explored thermo Property Solution Aged to 350

mechanical modeling approaches for predicting residual stress Annealed ksi

distributions (e.g., in CNC grinding) and have investigated Yield Strength| ~ 90011,100 MPa |  2,3502,450

strategies for strain minimization, the literature still lacks (0.2% YS) MPa

comprehensive comparative analysis of moderachining Ultimate 1,1001,250 2,550°2,600

techniques and their lortgrm effects on surface integrity (Li, | Tensile  Strength MPa MPa

Liu, & Liu, 2016). Given the safetgritical nature of aerospace | (UTS)

springs and similar components, bridging this knowledge gap Elongation 12118 % 418 %

is vital to ensure both reliability and extended senite in (AS5)

demanding operational environments. [3] Hardness 30 HRC 55 HRC
(HRC)

2Mater al Met hod Elastic 190 GPa 190 GPa
Modulus (E)

High mechanical interaction, heat gradients, and plastic pogisson's Ratid  0.30 0.30

deformation are some of the ways that conventiongl( 3 )

manufacturing processes such as milling, grinding, and castifig pensity 8.0 g/cm? 8.0 glcm?

can cause significant residual stress buildup. Consequently, the

internal structurefdhe workpiece experiences a heterogeneous . .
o : ) In order toevaluate the manufacturing results and determine
stress distribution, which can ultimately promote structural

. : . : more optimum conditions, it was decided that it would be
failure. Alternatively, if the compressive stress generated b . !
%gproprlate to perform optical surface topology measurement,

thesg man_ufacturmg operations remains at acceptablg_ Iev‘?’;mother nordestructive inspection method, in addition to XRD
and is uniformly distributedit can contribute to positive

. . . results and analysisln this w he indentations an
surface residual strength, extending fatigue I@e. the other esults and analysisin this way, the indentations and

. ; lg)rotrusions on the surface, how the grain structure is oriented
hand stress generation mechanisms are expected to De
e ) : . anhd whether the surface has a homogeneous structure as a resul
modified by unconventional manufacturing techniques such a;
laser machining, electrical discharge machining (EDM), ané)

i manufacturing were observed on the shaped surface.
ultrasonieassisted machining, which utilize neontact or

minimal contact, localizedenergy input, and microscale
controlled machining capabilities. These techniques utilize
microhardness, intercrystallite deformation, and subsurface

3Exper ment Setup
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The process was developed by following the steps belovattice spacings in various directions. These strain vadnes
during the experiment supporting the study. To determine theonverted to the sample's coordinate system to calculate the
strain tensor, and the stresses are obtained using Hooke's law.

-1 In singlecrystalline samples, local and global curvatures are
determined by monitoring the crystal orientation with a
goniometer equipped with a translation stalyben producing
torsional springs using the traditional m#acturingmethod,

the cutting parameters are as shown in the table bdlbe.
same parameters were processed in both cases with an end mill
tool of 0.6 mm diameter.

— Table 4 Cutting parameters implemented to specimens

25 mm
Figure 2 Helical Pring view

Exp Feed RCut tDenpgt Sp ndl e

Nu. (mmpm)( mm) (m/ m n
most accurate method for optimizing and producing a helical
spring, samples were taken from the helical pBine spring 1 100 0.03 45000
structure from which the samples were extracted is shown in
trimetric and front view angles in Figure Rifferent samples 2 100 0.03 45000

were taken from samples produced using traditional and non
traditional methods.
In theExp. Nu. column, the first set represents the part that was
The samples to be examined were divided into three groupsnly machined, the second represents the part that was heat
The first of these was the part obtained using thetraafitional ~ treated with aging after machiningn non-conventional
method, while the other parts were essentially machined to tlieanufacturing, a precise speed parameter cannot be expressed
desired shape. These two parts obtained using traditionele to the varying angles of cut. Optimum operating conditions
methods were further divided into two groups: heegated and for the machine were determined through experimentation.
nonheat treated. From these three main groups,
10mmx10mmx10mm cubic pieces were cut and numberedt Resul t s and D scuss on
Surface tension and residual stress formations on these parts
were taken to laboratories where measweis were Assessments of surface topol
performed using XRD and optical surface topology monitoring® @ f r i ed out in order to deter|
devices.To assess the effects of the parameters used inthegee t hods affected the integrit:
methods and the two different methods, and to demonstratep r i ng s . Gi ven t hat resedmal
consistency throughout the production process, both sides @fur abi | ¢ ¥ ¢l iumdlesadi ng and surf
the formed surfaces were examined. Thus, the experimentglf f ect s stress concentration
group consisted of two giaces from three different samples. , o ' amet ers offer cruci al insi
Tl_we treatments a_lpplled to each sample were recorded, annge rformance (Noyan & Cohen, 1
with their numerical values, and the results were tabulate&; .
XRD measurement wilbe applied to the material sample as he € X per ', meomt a XRDdawad fprof
follows. To determine elastic strain in polycrystaline and! NV e&€stigations are presented
singlecrystalline samples, a diffractometer is used to measur@a nuf acturing technigque shape
stress states.

The C350 stainless steel tor
residual stress analysis showe
production processes. The fin

: Table 3, show that the compone

10 mm

i 3 | i ntegraintdy possi ble fatigue per
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i mpacted by the machi ni ng opentation. The dlevated RVWHMr valtes (B7°) fuithert o r
(Zhang et al., 2020). [ 6] suggest microstructural heterogeneity, possibly linked totrecas
layers, thermal gradients, or oxide formation during the
Table 5 Residual stress summary of C350 specimens  process. Such tensile or anisotropic stress states may
compromise fatigue resistance, making the-oonventional

Specimen | Surface Residual Stress Level process less favorable for critical spring applications unless
Stress State postprocessing stes relief treatments are appli€dhang et
X-MT-1 A&B Compressive| Low (T al., 2020)[6]
160 MP The correlation between surface topology and residual stress
X-M-1 A&B | Compressive] Hi gh (1 indicates that smoother, uniformly compressive surfaces (as in
1410 M X-M specimens) are more advantageous for torsional spring
X-W-1 A Mixed, slight Low performance, while surfaces exhibiting high roughness and
tensile/compr heterogeneous tsite stresses (as inrW specimens) are more
essive susceptible to fatigue damage. These findings highlight the
X-W-1 B Anisotropic Moderate necessity of tailoring manufacturing and ptsatment
(tensilez strategies to control residual stress, ensuring reliabletknng
compressive) performance of C350 stainkesteel components in aerospace
and defense applicatiofidoyan & Cohen, 1987; Prime & Hill,
o, 2004). [4]
" | Surface topology images of different sample groups are

shown in figures below.

The X-MT specimens that were machined and then
Figure 4 Surface Topology of SpecimenM-1 B

thermally treated showed minimal directional anisotropy and
comparatively low compressive residual stressd6 {o -60
MPa). Given how comparable the surfaces of Aand B are,itis  F g g8er f ace Topol oWy Af Spe
likely that the heat treatment successfully reduced the majority
of the stesses caused by the machining, creating a stable and
even stress field. Although this condition is better for
dimensional stability, it might not provide as much fatigue
strengthening as greater compressitress states (Noyan &
Cohen, 1987). [1].

Although profileoriented results such as,RRy are
obtained in the x and y planes with optical surface
measurements, it would be more accurate to have a formed
surface and to take, S5, valuesas a basisSurface roughness
analysis of the studied samples revealed marked differences

. . . among the applied machining methoddon-conventional
In contrast, theX-M specimensdisplayed very high o
. . methodpraduced the smoothes} surfaces, gs indicated by the
compressive residual sBeqass s, €S [ 0 el a) .
: A, | owe's tg, nd SS val ues’” 'on bot
compressive forces at the surface inhibit crack start and

ostpone propagation under cyclic torsional loading, sucf ¥ €' 29 € S of surfaces was ap
Postp propag o 9 -t o the process b6 svaltmedaanisng Wwhicmat
stress magnitudes are especially advantageous for torsional

i i 7 7 L elts and removes material in small particles rather than
springs. The compressive stress field is consistently d'smbmen'iechanicall tearing it. Additionally. Nor-conventional
improving fatigue performance and resistance to Stresfc'nethod a cyh . vge d. t he yl’ owe s t ma X i
corrosion cracking, as seen by the lack of substantial anisotropi¥ S - . ;

. : indicating minimal sharp protrusions and ensuring enhanced
throughout the observed orientations.

wear resistance, fatigue performance, and uniform contact
mechanics. In contrast, milling surfaces exhibited significant

processing, revealed the most complex behavior. On the }Sarlablhty, with the Milling-Back surface moderately smooth

. : S a 5. 54 Om)From sudacet chnsiderstly! | |
surface, residual stresses were relatively low and fluctuate e =

i . ) T ougher (S Thisdisctepan® tay@nmeg from tool
between slight tensile and compressive states, suggestin Lo P . , )

. entry effects, vibrations, or inefficient chip evacuation, which
localized thermal effects and uneven stresatian. On the : I
. . T exacerbate surface irregularities. Heat treatment demonstrated

B surface, however, a highly anisotropic distribution was . - L

. i ) " : a dual effect on milled surfaces: it degraded the initially smooth
observed, with tensito-compressive transitions depending on

Milling-B a ¢ k s uincfeaseddronf 554 um to 14.76 um),

The X-W specimens produced by nowgonventional
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likely due to oxide layer formation, while improving the rough

Miling-Fr ont sur face (S decr eas e dloéccumtely dsskess alldf tH2 oollected déta ahidiprodde )
through residual stress relief that flattened sharp peaks. Peatinsistent conclusions, an ANOVA analysis was conducted.
height analysis further underscored practical implicationsThe statistical technique known as ANOVA (Analysis of
revealng that Milling+ FBac k (S & 46 .86 Vabanje) imusall toMscerfain whgther the means of three or

Front (S & 44.04 Om) sur f amore s graaps e differr sigridantly ofrom none i aadtherw e a |
local stress concentration, whereédan-conventional method (Montgomery, 2017). [8] To determine if the group factor has
surfaces exhibited the | owaeassignificant impaat| itucersrasts fhe \@anmabilityi withgn eacim i f
load distribution and xended wear lifeWithers, P. J., & group with the variability between groups. The ANOVA
Bhadeshia, H. K. D. H. (2001))7] analysis's findings show that surface topological atiaristics

are statistically significantly impacted by various milling
Overall, non-conventional methodprovides superior techniques.
surface integrity in terms of smoothness, consistency, and
durability, whereas milling requires careful process control to  Specifically, Sa, Sg, and Sp values show significant
mitigate variability, and heat treatment effects must balifferences between milling, milling combined with heat
considered in relation to the initial surface state toicv treatment, and neoonventional processes (p < 0.0%hese

unintendeddegradatiof Kél e - ef2] al . , 2 0 Zd&ugs. are given Table 5 below.
Table 7 ANOVA Analysis Results

Table 6 Surface Roughness Values of C350 Specimens

0AOCAT A301 TAARE & 574
Machi n|Si de Sa(Om(Sqém) S(Om 3NO€‘O'& OAl (OAI O
i " AOxA
MillinlBack|5.70|7.5122. 5]
3a PT W8T (G T8wWYM8T(¢
MillinlBack|4.92|7.1124. 1]
3K CTX8¢(qc vt dma8Tmp
MillinfBack|[5.78|7.6343. 6]
: ' 3 PTTWE8UC oc8wdma8Tt
MillinfFron{l14.2[18. 454. 3]
MillinFrong12.5/16.442.8| This implies that the material's surface properties are
MillinlFronti15.  8l19. d32_ 9 significantly influenced by the type of machining. While the
notable changes in Sq point to changes in the general height
Mi |l |l HhlBack |14. 1|l17. d32. 24 distribution and surface variance, the variation in Sa represents
variations n average surface roughness. Additionally,
Mi |l |l Hh|{Back |14. 3|17.951. 1) variations in Sp show that the machining process affects the
maximum peak heights on the surfaces, which could have an
Mi Il |l Hhf{Back |15. 7]/19. 356. 9] impact on wear, friction behavior, and contact performance
(Prime & Hill, 2004; Zhang et al.2020). [5] All things
Mi | | HhfFront6. 27{8. 0426. 8{ considered, our results show that the choice of machining
: method is essential for establishing topological characteristics
Mi T I HhfFront6.4218.2026. 8| 439 surface integrity, highlighting its significance in
Vi TRl Eronie 7018 7860 2 engineering applications where surface quality is atuci
NoGonv|Back |4.10]|5.1721.9| 2Conclus on
No€onvlBack|4. 15|l5. 30025 . 1] The stresdased reactions of C350 stainless steel to various
manufacturing processes are investigated in a +acétie
No-€onv|(Back |4.89|6. 2128. 8] analytical framework in this study, which compares the
thermomechanical impacts of conventional and -non
No-€onv(fFront§3.74]4.8028. 6| conventional methods with regatd stress formation. The
primary objective is to make clear how different processing
No-€onviFront3.93/4.9317. 2] parameters, cutting and deformation techniques, and heat
‘ inputs affect residual and surface stresses. The study intends to
No@onviFront4.08/5. 1421. 7| provide a scientific foundation for developimganufacturing

processes that maximize material strength and integrity for
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advanced engineering applications. Wan, Y., and Guo, N.2] Kel é-, E., keker, U., Osman,
(2019). [9] This study also examines the limitations of comparative analysis of chip shape, residual stresses, and surface

o : . roughness in minimurquantity-lubrication turning with various
traditional methodologies and the promise of contemporary fl(())vgrates The Intern:t]ional };umal ofoAdvancegd ©

manufacturing technologies from a stress engineering Manufacturing Technology, 123977 3987.
perspective, using an interdisliiiary approach to the [3]Li, C., Liu, Z., & Liu, Y. (2016). Thermomechanical modeling

manufacturingprocesamaterial interaction. and residual stress prediction in machining Inconel 718.
International Journal of Mechanical Sciences,-118, 176182.

In summary of the experimental data reveals that com aréé] Prime, M. B., & Hill, M. R. (2004). Residual stress, stress relief,
u y Xper v ’ P and fatigue in metaldMaterials Science and Technology,(20

to I.iterature studigs, the_ stresses a}nd orientations generatedsgg 375, https:/doi.org/10.1179/026708304225010479
during manufacturing using conventional methods can have [g] Davis, J. R. (2000). Stainless steels. ASM International.
positive impact on fatigue life. Furthermore, it is anticipated6] Zhang, Y., Yao, Y., Li, B., Sun, J., & Wang, L. (2020). Residual
that a new maufacturing process using naoenventional stress control and fatigue improvement in metallic components
processes can Yyield higher quality surface topology and l{;';'gllggﬂjhmk peening: A review. Optics & Laser Technology,
consistent roughness values. The approach to this studyj withers, P. J., & Bhadeshia, H. K. D. H. (2001). Residual stress.
focusing on a specific surface shape, can hinder subsequentPart 1 i Measurement techniques. Materials Science and
surface finishing. Therefore, when madacturing C350 steel Technology, 17(4), 35365.
and achieving a formed surface, careful attention should de81 Montgomery, D. C. (2017). De
paid to the criteria and priorities. (9th ed.). W ley.
[9] Guo, N., & Wan, Y. (2019). Recent progress of residual stress

f measurement methods: A review. The International Journal of

References Advanced Manufacturing Technology, 102{2), 38893903.

[1] Noyan, I. C., & Cohen, J. B. (198 Residual stress measurement
by diffraction and interpretationNew York: SpringeiVerlag.
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Nozul GeometrisininpLve Hava Sojut ma Siste
Sojutma Performanséna Et

kul e 2¥Aznkéa n G° k K A&lnTam®rKkzii'a K
3 k énkversitesik i Ke t a3dB98, Tirkiye

* Corresponding authoAli Taner KuzuE-mail addressalitaner.kuzu@isikun.edu.tr

Ozet
Bu -aléekmada, talakl eiyajallaama au ysgeurldasmaill aerbé na ry °snogflu tkmao | ar
performansé ncelenm kKt r. Karbon -el k plaka 90 ACbye &
Sécakl ék ver |l er , plaka ¢zer nde ¢- noktaya yerlexks r |
performans kr ter ol arak kull anél mékteér Bul gul ar ,enMQLG6 d
-ékék -aplé nozullarén daha y¢ksek sojutma etk nl MHQL safj |
se sénérl é& sojutma kapas tes yle en uzun sg¢reler verm
performanséné bel rleyen kr t k faktorler olduju ortaya Kk
Anahtar K®dr dnerd glreb | r fyadjalkdma, mAlmtmunsof uktmear da yajl am
Karbond oks t (CO ), Basén-1lé& hava, Nozul tasar eme
1. Girik sajl amaktader [ 8]. Bu y°ntem,
kuvvetini, yézey péereéezl el &7
Geé¢negmgz i mal at sekt®°r¢nde aadbkadbkilimdlketmedisre r[ed-]11.erKirniiyno j
surdurulebilir hale getiriimesi giderek daha kritik bir gi bi akékkanl arl a kes me b °
gereklilik haline gel mi ktiwmzakllTakbelt makit mal pydecgeelyli ek
mal iyetlerinin °nemli bir bedgmegmes md YkdemabnbB@@ENH Y@ANEL] ¢
yé¢ksek ener j i mitvgdewesdl atkileriylead € Kk MQL e sii st eml erinde sénérl & so
di kkat -ekmektedir [ 1] . Bu sygel bemntardatiya elekaki persan
takém akénmaseéneén kontrol abdeenwaant @&@jnmals&r ak i%n ek u-lé& kanmaekl 1
so] Uy ajal ama sisteml eri tari heep mloelrar @%r .v eMQLm G QeigjdertkQL + L
anahtar e ol muktur . Ancak g edha fazakig gbimekt&die [83h e séveéelaréneén
i -erdifji ki myasall ar én -evre Svputimas apersfagd g s énzéenr i ndlet
olumsuz  etkileri, sdrddrulebilir  Gretim  hedefleri te¢rene dejil, ayné zamanda b
dOJruItusundalyayjelnamasoMaJMImaaKnean?olealrelnleent|Id|J|ne de bajl é
geliktirilmesini zorunlu kélmakutladtéas 4r2¢ 8¢ . itik bir rol
Gel eneksel kesme sévélarénéapép,etuplkrillmlyajalmalab? ge skd er ime
toksik at ek ol ukumu vV e su ¢&fikinlijinigibe ebpmsmal vk] bhna

nedeni yl e -kkuwruu iwd eyreer & ° nt e mled rkii | gimk&krnteldidahaBu bajl amda,
fazla araxkteérél maktader [ 4] al tKaurrua tiiigflaég tsedp ha b myCenvireem| @ o § t

yontemlerden biri olmakla bikte, 6zellikle titanyum ve incelenmesi, talaxkl e i maK at s
s¢peral akeéemlar gibi zor ikl ehem ndael zwaneil miridlei iy ¢ heelefd @&cal
ve akénma problemleri nedenitwlkema&hadEée. uygul ama al anén.
sahiptir [5]. Bu bajlamda, mineral yajlar yerine biyobozu
yajlar, yé¢ksek baseén- aréve h av2aGereckeYiontemj e ni k akéexkkanl

mi ni mum mi ktarda yajlama (MQL) sistemleri gibi alternatif
y°ntemler geliktirilmick ve Deméynlkeéredei myliaztey sgaojeut mai pd
uygulanmaya bakl anmeéexktér [6,dmacéyla 100 mm I 100 mm bc

Bu alternatifler arasénda MQLenkayjbradi rksbbdbn (CO )k tVeen
séveée azot (LN ) gi bi kr|y0]q(rhqlqa)herptm%rplt%rr_Orp(pakgkm%lfttacyé

MQL , kesme Db°Il gesi theavd kkeakr € '8@8% ak %&nt e o hgdéme |haJt8$l
peskert el erek hem yajl ama (Je ?ég da peraka I

cp.\Z'

Proceed ngs of 13th I nternat onal Congress ohRhadgd@/®88n ng



/s 13th UTIS International Congress on Machining

\ms_/

kadar kontrol ed I m kt r. He 150 mm 1é] éni
se- | eimk@okan komb nasyonu d
sojut ma Kl em bakl at él mekter. e 3
.2
NE _
Deney d¢zene]j kek | 16de go lF o1 2n an:
b Il ekenler test plakasé ve ¢: Zter mo
pl aka iSzer ne akecx sajlayan e,
kompres®°r, PID kontrol ¢ hazé, <ayde
s stemden ollaukanaké aalelrej & PI1 D
taraféndan sab t tutul muck, t _ 1e gé
kaynfilj“t:eﬂ_g,zer nden sa]lfilnméKtér. kBgEIeInIZé IDhIaeYkaa’ komTperes°
aracel ejéyla 6 bar basén-la s steme et | m K, yal ezca
kullanélan deneylerde do kydé&mal ¢dgomada gkul kanel aner deo z ul
MQL uygul amaseénda se MQL CSLh'hLHéng,KzteUrr-n_dE@ gBogdkyk tasa
sentet k kesme yaje | e kalkgélmgréjloljn@ 5& M€ Nl)?h |5‘?S'rb'
yézey ne 150 mm mesafedeR2" 42 kl' mlf da €
konumlandeéer &l mexkt eéer . Ter moku&iﬁfanrf“dl{e\eni "1] as%nﬁtmr#tg%éhlt I‘&o&?ﬁﬁél
ver |l er ver k aystaeyda rca akkrt eac g8l &gy W&y R ?a ve 1.2 mm - él
kHzrnekl eme frekanseéenda kayd)?idnéngtmfn-uzunluja ve 1.2 n
birlikte farkleée bir i- kanal
Nozul 3, 28 mm uzurmpléewnkat & awhd p
hel i sel kanal yapéseée sayes
Ter kazandér maktader . Nozul 4 i s
G Kaynag -ékék -apéna sahip olup dah
\m geometrisine sahiptir.
Nozul
N Tabl o 1. Deneysel -al ekxkmada
— geometrik dzellikleri
. Nozul Nozul Kes Nozul Nozul
No. Uzunl ¢ eké
(mm) ¢apé
MQL Cihazi i (mm)
kekil 1: Deney D¢zenelil 28 1.2
Termokupl |l ar én pl aka iczer nldek kek| | 20de
gester |I mekted r. Ter mokupl 1 pé¢ls \ lelr kez ne kar kel
gelen plakanén ortaséna, Termo&upp’—qezd&’n yyakPakek
mm uzak| éktak ara b°lgeye Ve Te————~/ 3] k°kKeyle yakeéen,
kenardan yiakl améner deék Nnolkt ay e
sab tlenm Kkt r. Bu d¢zen sayes$ 1Werke2§dek 2 yojun
sojutma etk s hem de -evresgsel :,4/ 2 yaylel ma |let k
zl enm kKt r.
4 15 2.3
Sojuiympal ama sicsBaeki adakéxkk
test edil miktirbaBenltae kas:/
vehava ve yaj karéekéméder . \Y
hava i-erisine yaklakék 50 N
yajé enjekte edil mik ve ol uck
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pl aka yézeyine pée¢skertel megkTgbl.o Rer Farkkl édmmozmda gaeamet r

peskertme i klemi dik dojrultedakver dbPumessaki ekmeaplfaden

ger-eklexktirilmiktir.

Deney prosed¢r ¢nde, SOJutma pel\foulo rimdanale pPBulkgaulazey

secaklejenén 90 AcCodde 50 ACodye Né kK nledsp € i - Garlntgidl- en s ¢r ey

gore dejerlendlrllmlktlr Her bir |k&MMilgsrasvon i-in, -

plaka y¢zeyindeki .- farikl @ noktad g "“’w“f”_‘,sécaklé

zaman verileri analiz edilmi; 90 AcCcoéden 50 AcCodye i

s¢releri karkélaktérmaleé ol arak dej e Ayr é

bir nozul un ol ukturduju soj ut mal ,,*ydekl

yayéléem karakteristifji, boya i-ere fnt emi i

gersel olarak belirl enmmBuk ve il gili !

kapsamda, hem zamana bajl é soj uma

etkisine dayal e karkeéel akteéermal ar

geometrisinin vV e akéekkan t¢réeneén

iczerindeki bireysel ve birlexkik etki

konmuktur. 2

3. Bulgular

Bu b°l ¢mde, farkl e nozul geomet i

ayré akekkan ortaménén (yalnézca h

soj ut ma perf or manseé iczerindeki et

bul gul ar sunul maktadeéer.

3.1 Nozullarén Sojutma EtKki Al aneée |

Tabl o 26ndoez uflartkdsear éml aréeénén yg¢ze

olukturduju péskertme yayéel eme vV e

eéslakl ek -aplaré sunul maktader. Bu

k¢-¢k -ape (55 mm) iretmik ve da

sojutma sajl améxkteéer.i Bupaykheéemen, I

(90 mm) g°ster mik, késa ve geni k -

akéke y¢gzey ¢zerinde daha genixkx bilr | EEENY B

mer kezdeki yojunluju azaltmékter. Nozul 1 (70 mm) vV e

Nozul 3 (80 mm) orta seviyedd: - gemarkkladl ahkiéakk ad| Hytgwr mune |

oup, °zellikle helisel kanalP9apes@maaskaheép Nozul 36¢n ak

d°nel hareket kazandérmasé sayesinde daha homojen bir

dajéelem elde edilmiktir. Bu MRhukpgu! !l anenda geeornrea ki &K tni

yalnézca sojutma s¢resini dépiutmayper zamaamal ayr 6z epyl daekka;

yayélem kardaftreudani¢ti hil epeheb®pkupbdgani olidzmmane derilérigen S

fakt°r oldujunu ortaya koyma%ela®relendirilmiktir. k3bldielki3o
sojuma s¢releri incelendijind
Ter mokupl 2 b°lgelerinde en
gesterdiji, Ter mokupl 3 konu
etkin sonu-1lar verdijJi g°r¢ln
-apéna sabipapmmal Apdoli -2 &maipr
sayesinde akéké daha odakl é

daha geni K péskert me al ane

Dol ayéeséyla, MQL sisteminde d
bl gel erde daha avantajl &, |
cevresel bolgelrde daha etkilidir.
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a) héaznndér déj éna i kKar et et mek
karkél akt ér mada, hava il e |
kéyasla daha késa s¢rede ger

Sicaklik (°C)

a) 90

e NozUL 1

wmm NoZUL 2

875 — NOZUL 3
ém s Nozul 4
o 65
560
b) 55
50
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Sire (s)
b) %0
85
80
§75
c) z 7
S 65
mGO
55
50
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Sure (s)
C) 90
Siire (s) 85
80
975
70
kekil 3: MQL il e Yapeéelan Test g ar
a)TC1, b)TC2 ve c)TC3 “ @
Tablo3.MQL il e yapélan testlerd ZZ
sojuma s¢relerdi 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Sire (s)
Nozul TC1 TC2 TC3
(saniye) | (saniye) | (saniye) kKekiHavéa: i le Yapétak| Tksthp
1 132 109 107 a)TC1, b)TC2 ve c)TC3
2 128 100 110
3 140 109 121
4 145 127 127 Tabl o 4. Hava ile yapél an
sojuma s¢releri
Yal nézca basén-1é& hava ile yapélan testlerde el de edi
seécaxkdmkn e] dide,r is&jekmd s¢ere[INgful| T ST€1 TADbT 9c2 TC3
4t e sunul maktadeéer . Bul gul ar a gore(sanN@)ZUI(SaﬁiyeBf'm(shrﬁy[e)m)kUp
konumlarénda en késa soj uma S¢]‘re iné8 sajiasarck %(51 v, K s €
performansé g°stermiktir. ¥zret ikic94Tc|muI«87pI 3 ggﬂigeSII’
49 s ile en héezlé d¢ke¢egk el de c,f.i K .'\fzu! 3 3'1'3 er k
uzak noktalarda (Temo k u p | 2 vV e 3) y ¢ kst k S n§13 Ut ma 6
etkinliji sajlamek, buna karxdl slk 82y 199 e INo A1 D d:
d¢kKeék performans gestermi ktir. Bu sonu-, hava
uygul amal arénda genik -@ékEecx -CA énkaU|_s|aarPied alﬁ‘ozdlﬁ_lnledfﬂ@r{d@al
yiksek debi ile daha genik 81 hge kkkiPelyamakkaxaslta ahsl
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tespit ediSlvaniamdSi ncekekidl i ndeTablog&@ill e yapéelan testlerde
46¢n tem termokupl konumlarénda en kesaU®elir ede (55 s, 41
ve 47 s) 90 AcCo6den 50 ACf)ye d.: kK¢ b sajladéf é, dol avéséeyl g
yéksek sojutma kapasitesini SI\JOKLHJFQ:]-(Qﬁ@Me)rIg(ﬁzmikti-lFC:é N zul
de benzer kekilde ye¢ksHdulperformans g°stledSA0iYe) | a (Fanye)

1 ve 2 daha uzun sojuma s¢relelri| i1 8 senéerble eft kib8sajll am
co testlerinde elde edilen|s@ral anminén|] haba den®@8 | e|ri |
bliyik olcide benzerlikg® st er mesi , ak éklk a3n ti pfOndeln 51 58
bajéemséz ol ar ak nforrnand Uzegrel®o met r ysijni ngsgper 41 47
belirleyici ol dujunu ortaya KkKkoymaktadér . BununlTa birlikt
CO o6nin hava ve dijer akékkamdened @7 h¢alafae)édyiersPl it mp
sajl amasénén t emel inMeochson | er.ignded - Bipn e JPAdI1€l ar (Nozul

etkisidir. Y¢ksek baseéen-1 e t'gkgepulelﬂrp(am”(;q\) ’gonsotzeuﬂmi'xé,kéH(
6barsewwel erine d¢ktejende genhggme _S(Qmélygu_aspéé:nad<l§gr{eip noz
°neml i °1 - ¢de azal er. Bu el%oFg}m@a §5ﬂk|iC@méKJdéern.%3klée@(yrwqé¢,
CO 6nin ¢steéegn sojut ma perform§9§§|§ﬁﬂgj AEasi pee khkrsigt isko]ru
oynamaktader hava ve en uzun s¢relerin MQ

sonucuna ul akeél méktér . Bu bul
a) hem akékkan tg¢greéegne hem de noz
deijkt i Jini ve uygul ama kbkull
akeéecx kombinasyonunun se-

K

né g°stermektedir
6:No z u Inhagmuame dej er | er i

Sicaklik (°C)

Nozzle No. Hava (m/s) COx(m/s)
1 877 709
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 2 896 733
Siire (s) 3 993 821
4 1018 843

b) Tablo 66da verilen maksi mum
nozul tasar émé i -in hem hav
anél ar ak yapeéel an sayeésae
ermektedir. ANSYS Fl uent
i |l erde, ak ek raanaéenkéen deark i ¢
| e
d

Sicaklik (°C)

n
r

z

d yansdtmmbdalmacéerai k
edilen sonu-1ar, nozul |l
k hezl ar én belirgin K
k k
0

k

adéer. ¥rnejin, hava a
u8l anx/ ésrokyeen |, en d¢keéek heé

=

0 5 10 15 20 25 30 35 40 45 50 55 60
Sure (s)
hesapl anméxkt ér . Benze

é
hez dejerl eri 709 m/
mektedir. Bu farkl el ek,
daha odakl é
rdijini, genik -é&k
zl ara ul akarak - &
sajl adéj éne ge°s
|l er hem akékkan t
aéckak hézl ar @énén far kil
l erin soj ut ma et ki

i
€ dojrul amaktader

a n ardak n

oxm®———o0o ——
Do XSIOTCYDO<DAXDON

QY —O® S nN — X —TT
o
3~

< <KY9o0oo00—TXxXO0m
= ® — M

= Q-

n é
k k & K
f t r
| i i

e
e

'O(D(D'x

Sicaklik (°C)

0]

-0
et
)

o T
< o
5 =
(o))

o =
> D

Q 5 10 15 20 25 30 35 40 45 50 55 60 65
Siire (s)

4. Sonuclar
B -al ékmada, farkl geomet

u é
. . _ - < S ut ma_performanseé é - ayr é
kelbiC:i | e Yapeéelsaadc akelsald ed adjee [ _
a)TC1, b)TC2 ve c)TC3 yEFWeQES hava ve yalnézca CO
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bul gul ar sayésal anal
sonu-1ar, sofjutma perfor man
t¢e¢réene hem de nozul
dejiktijJini. gestermektedir.
MQL wuygul amal ar énda, dar

(Nozul 1 ve 2) merkez boélgelerde daha etkin sonuclar
sretmi Kk, buna karkel ék
Nozul 1 cevreseb® | gel erde ¢steéenl ¢k

i z| er | E: Journal of Process Mechanical

2025, Antalya, TURKIYE

Engineering. 2084d i

sDec;238(6):30053) kul | anél an akékkar

geomet r i 4 PereiralB, Sad CM, Castro EV, Filgueiras PR, Lacerdn -

Jr V. Environmental impacts related to drilling fluid waste

- and treatment methods: A critical review. Fuel. 2022 frqb

15;310:122301."

daha 2Pawanr S, Gupta K. Dry machining techniques fqrg i

nouvow o LIRS IR R VR S VR O

hava kull anélan deneyl erde, g Goindi cAanana eahin noz
(Nozul 3 ve 9z7ellikle Nozul ,,Go!ndl GS, Sar_kar P. Dry machining: a step to_vv,ar(ésr i
°ne -6kmék ve konvektif s 0] ‘sustamable mach|n|mghalllenges and quure.dwectolonk
performans ser giahdemylede ise tim C OJourr}al of cleaner production. 2017 Nov 1;165:13%7 '

_ _ N 7.Said Z, Gupta M, Hegab H, Arora N, Khan AM, Jamil M,
ak €K K an oor taml are aras . Bellos E. A comprehensive review on minimum quantity
edil mik, zel likle Noz lo” 4 lubrication (MQL) in machining processes using nanb ¢
sojutma kapasitesini g°ster Mg fluids. The International Journal of Advanced

Ayreéca, ANSYS Fluent il e 9gmanufacturing Technology. 2019 Dec;105(5526. €7 d et
el de edilen ma ksimum hez d & Singh T, Singh P, Dureja JS, Dogra M, Singh H, Bh&ti
desteklemektedir. Sayésal squs A review of near dry machining/minimum quantity? "
hem akeékkan tipine hem de nodubprication machining of difficult to machine alloyb. ar
dejiktiJini wezgérniak énéld@t a- International journal of Machining and Machinability of
ulaktejeéneé ortaya koymukt ur . Materials. 2016;18(3):2151.

Genel ol ar ak, bu -al @eékma n®&Danish M, Gupta MK, Rubaiee S, Ahmed A, Korkmaza n
tipinin vV e p¢eskert me ° z el IME. Influence of hybrid CryeMQL lubri-cooling strategy
performansé ¢zerinde krit i k onthemachiningand tribological characteristics of Inagoneé d
Sonu-1ar, se¢rderelebilir ¢, r 718. Tribology International. 2021 Nov 1;163:107178e n e r |
teketimini azalettérnk esa Jeltakyialci&O0kYildiz Y, Nalbant M. A review of cryogenic cooling in
nozuiak @ k k an kombi nasyonl ar &n émachining processes. International Journal of Machine Tools
dejerli bir yol haritaseée s unandManufacture. 2008 Jul 1;48(9):98%.

11 kirin E. Evaluation of tri
Referanslar technique combi ned wi t h L N

1.Hegab, H., Kishawy, H. A., & Darras, B. (2019).
Sustainable cooling and lubrication strategies in machining
processes: a comparative stuByocedia Manufacturing3,
786-793.

2.Roy S, Das A, Kumar R, Das SR, Rafighi M, Sharma P.
Exploring the viability of alternative coolinlybrication
strategies in machining processes: A comprehensive review
on the performance and sustainability assessment.
Proceedings of the Institution of Ma@nical Engineers, Part
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Abstract

This study investigates the milling performance of DIN 1
( MQL conditions, focusing on key performance indicators
seroifesl8 controlled experi mewmntas ewWlerceardcomducoeadauiNCgmal Tii/
speeds and feed rates. The results revealed that MQLtas$ign
| oacdosmpared to dry machining. To identify thecmoseéeriedf de
maki ng method was applied, |l eading to three distimat eosptail
rensolv rat e, and overall bal ance. Beyond technical gai ns,
enhances energy efficiency, prol ongs tool i f e, and redl
findifregs aofsustainable and practical machining strategy f
ecol ogical responsibility must be jointly considered.
KeywoDIldM :1;,MQrd8y mMVI KsRgr f ace ;jopuigmheatsti on

l1lntroduct on this study, the milling of DIN 1.2738 steel under dry and MQL

) ) ) ~ conditions is experimentally investigated. The effects of
~ Plastic mold steels are widely used in manufacturingtting speed and feed rate on key performance indicators are
industries where high dimensional accuracy, surface qualitynalyzed, and optimal machining parameters are determined

and tool durablllty are required. DIN 1.2738 steel is one of th%sn']g the VIKORmMulti-criteria decisiOFmaking method for
most preferred mold steels due to its good machinabilitygifferent production objectives.

toughness, and sability for large plastic injection molds.

However, its alloyed structure makes the optimization 0k Met hodol ogy and Exper ment al

machining parameters critical in order to achieve acceptable

surface integrity and process efficiency. In this study, the performance criteria of surface roughness,

cutting temperature, and cutting force during the milling of DIN

Milling performance is strongly affected by cutting 1.2738 plastic mold steel [1] were experimentally investigated

parameters and lubrication conditions, which directly influencainder dry and Minimum Quantity Lubrication (MQL)

surface roughness, cutting force, cutting temperaturegonditions. The YWKOR multi-criteria decisiormaking method

machining time, and energy consumption. While conventionalvas used to optimize the machining process.

flood cooling has been efttive at controlling heat and friction, The experimental setup included a First MGR0 CNC

environmental concerns and high operating costs have led toilling machine, EraOil KT/2000 vegetabimsed MQL fluid,

the adoption of alternative machining strategies. DryWerte STN 15 MQL system, Kistler 9257BA dynamometer,

machining reduces fluid consumption but often increase®ptris CTlaser LT infrared temperature sensor, and Mitutoyo

thermal and mechanical loads. Minimum Quanittitibrication ~ SJ210 surface roughness meas@etdevice.

(MQL) has emerged as a sustainable solution by providing 9§ Depth of cut (ap): Constant at 1 mm

effective lubrication with minimal fluid consumption. 9 Cutting speeds (Vc): 80, 100, 120 m/min
1 Feed rates (f): 0.08, 0.16, 0.24 mm/rev
Due to the presence of multiple and conflicting performance { Lubrication conditions: Dry and MQL
criteria in machining processes, selecting optimal cutting § Cutting tool: @8 mm, 4lute, TiAIN-coated end mill
conditions requires systematic decisimaking approaches. In with 45 HRC hardness [2]
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The experimental results revealed that the use of Minimum

Table 1. Workpiece material chemical composition Quantity Lubrication (MQL) significantly enhanced the
C®) Si(%) Mn(%) Cr(%) Ni(%) Mo (%) machining performance of DIN 1.2738 plastic mold steel
0,4 0,3 1,5 1,9 1,1 0,2 compared to dry milling. The findings can be summarized as

follows:

A total of 18 experiments werperformed under each
condition, and measurements of temperature, force, and surfatel . Sur f ace Roughness

roughness were taken and evaluated for each experiment. o o )
Surface quality is a fundamental criterion that directly

Table 2. Machining parameters affects product per'formance in mqld apq pgrt produqtlon, as
Exper ICutt niDepth,o Cutt ng Feed well as the necessity for pastachining finishing operations.
Number Cond t & (mm) V, (m/ (mm/ re¢ The experiments revealed that surface roughness values
obtained under MQL aalitions were significantly lower than

1 MQL 0.5 80 0.08 those obtained under dry machinipg]. (Fig. 1)
2 MQL 0,5 80 0,16
3 MQL 0. 5 80 0 24 COMPARISON OF SURFACE ROUGHNESS AT IDENTICAL
' ’ CUTTING PARAMETERS
4 MQL 0,5 100 0,08 1000
0,900
5 MQL 0,5 100 0,16 o800
0,700
6 MQL 0,5 100 0,24 0,0
0,500
7 MQL 0,5 120 0,08 -
0,200
8 MQL 0,5 120 0,16 o100 I I
0,000
9 MQL 0,5 120 0,24 1 2 3 4 5 5 7 8 a
WML M chining Surface Roughness [pm) DRy Machining Surface Roughness (pm)
10 Dry 0,5 80 0,08
11 Dry 0,5 80 0,16 Fig. 1. Comparison of surface roughness at identical cutting parameters
12 Dry 0.5 80 0.24 For instance, at a feed rate of 0.08 mm/rev and a cutting
13 Dry 0.5 100 0,08 speed of 80 m/min, the average Ra value achieved using MQL
was 0.319 pum, whereas this value increased to 0.651 um under
14 Dry 0.5 100 0,16 dry cutting. This improvement can be attributed to the ability of
15 Dry 0.5 100 0. 24 the 0|L_m|stm|xtu_r.e to re:\duce frlc_tlon between the tool and the
workpiece, stabilize chip formation, and delay tool wear. The
16 Dry 0,5 120 0,08 thin lubricating film formed by the MQL Y] application
17 Dry 0.5 120 0. 16 prevented the formation of Buillp Edge (BUE) on the tobl

chip interface, thereby pserving surface integrity.
18 Dry 0,5 120 0,24 Surface roughness is not only influenced by feed rate but

also by cutting speed and lubrication conditions. It was
) _ observed that under low feed rates and moderate cutting speeds,
The results demonstrated that the MQL technique improveg;rface roughness values below 0.4 pm could be achieved with

surface quality and reduced both cutting temperature and forggo|. This levelof surface finish may eliminate the need for
compared to dry machining. [3] [4] Based on the VIKORfyther polishing operations. [7]

analysis, the optimal parameter combinations were determined
according to three fferent priority sets:

1 Parameters optimized for surface quality 32. Cutting Temperature
1 Parameters prioritized for material removal rate _ _ o
§ Overall optimal parameters balancing all criteria The temperature generated in the cutting zone is critically

important for tool life, surface quality, and dimensional

The analyses conducted with this method contribute to tfRecuracy. Measurements indicated that temperatures under
sustainable machining of DIN 1.2738 steel in terms of enerdy!QL conditions were on average iL®% lower than those
efficiency, tool life, and surface quality. [5] observed during dry machig. (Fig. 2)

3F nd ngs and D scuss on
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MQL lowers the coefficient of friction, enabling a smoother
interaction between the cutting tool and the workpiece.

It was also observed that increasing the feed rate
significantly raised the cutting force. At 0.24 mm/rev, tool load
increased markedly, leading to a tendency for higher energy
consumption and accelerated tool wear. However, MQL
partially mitigated this iarease by reducing mechanical stress
on the tool and contributing to a more stable cutting process.

4 Mul-€r ter aMakecng Amproach Us
VI KOR Opt m zat on

In this study, the effects of various cutting parameters on
performance criteria such as surface roughness (Ra), cutting
temperature, cutting force, machining time, and energy

For example, at a feed rate of 0.24 mm/rev and a cuttifgPnsumption were experimentally evaluated, and the VIKOR
speed of 100 m/ min, the t enmedaedavasyemployad échieve atoptimgl palance Argong n
cutting, whereas it decr eashesgmuitigecriteniap. 1 AC with MQL. Thi
difference is attributed to the dual function of M(8], which o
provides both lubrication and cooling. The thin-miist layer 4. 1. Def i niti on and Procedure

reduces friction in the cutting zone, thereby minimizing heat L o .
generation, while simultaneously facilitating effective heat VIKQR (VIseKnteruumska Optnmz_acua : K‘?mpfo'“‘_“sno
dissipation. Resenje) is one of the MulGriteria DecisiorMaking

Furthermore, an increase in feed rate was found to lead f/CPM) methods and was developed by S. Opricovic. This

higher temperatures due to greater plastic deformation arqaethc_)d is designed t(_) ident_ify a compromise S_‘)ll_’tion in
increased material removal volume. However, the M@L Stuations where multiple criteria neetb be optimized
system effectively limited this temperature rise even at higfimultaneously. Its primary objective is to determine the

feed rates, thereby minimizing tool wear and thermal damag@ltemaﬂve that is closest to f‘he ideal solutior_1.
The VIKOR method consists of the following steps:

1 Definition of criteria and alternatives, and

Fig. 2. Comparison of cutting temperatures at identical cutting parameters

3.3. Cutting Force construction of the decision matrix.
91 Identification of the best (f¥) and worst {fvalues for
Cutting force directly reflects the mechanical load acting on each criterion.
the tool and plays a crucial role in determining both energy 9 Normalization of the benefit valuésr each
consumption and tool durability. In this study, it was found that alternative.
MQL consistently reduced cutting forces under all 1 Calculation of the utilty (3 and regret (R
experimental coritlons. (Fig. 3) measure$or each alternative: Thatility measure

(S) represents the overall deviation across all criteria.
Theregret measure (Represents the maximum
individual deviation among the criteria.
1 Computation of the VIKOR index (Qdr each
alternative and ranking based on Q values.
A lower Q value indicates that the corresponding alternative is
closer to the ideal solution. In this study, the VIKOR analysis
was conducted using performance data obtained from 18
experimental trials, and optimization was performed under
three differenscenarios.

4 2. Optimization Results

In the first scenario, surface roughness (Ra) was prioritized,
Fig. 3. Comparison of cutting forces at identical cutting parameters  relevant for applications demanding high surface integrity such
as mold manufacturing. The VIKOR analysis identified
For example, at a feed rate of 0.24 mm/rev and a cuttingxperiment icutting speed 80 m/min, feed rate 0.08 mm/rev,
speed of 100 m/min, the cutting force under MQL conditiongvith MQL-as optimal, achieving the lowest Ra (~0.32 um)
was measured as 61.57 N, whsuppertedl By eeduced terhperatiredandicutting forveaHowe®er, U 1
dry machining reached 82. 2 3thisMesulted im lorgger mactining times arid toder praaldcivisy. t |
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