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KEYWORDS ABSTRACT

Nano-machining, Ultra-precision machining refers to the process of manufacturing very high-precision parts that
Polycrystalline alloy, are required in industries such as aerospace, medicine, optics, and electronics, where nanometer
Molecular dynamics, tolerances, fine surface coatings, and precise geometries are essential. In this research, the nano-
Nickel-iron-chromium, machining process of polycrystalline nickel-iron-chromium alloy has been investigated using the
Response surface method. molecular dynamics method. Investigating the effects of cutting speed and cutting depth

parameters on this process by the response surface method shows that by reducing the cutting
speed from 400 to 10 m/s, the cutting depth from 5 to 0.5 nm, the values of cutting forces, normal
forces and the Von Mises stress of the workpiece decrease by 65.9, 23.4 and 25.58 percent,
respectively. When the cutting depth was set to 0.5 nm and the cutting speed was 10 m/s, the
temperature reached 308.82 K. At this state, the machining forces—including cutting forces and
Thrust force —were measured at 152.42 and 221.2 (eV/n), respectively. This configuration
minimizes the machining forces, resulting in an optimized state for the machining process. The
investigation of structural changes using the radial distribution function shows that increasing the
cutting speed from 10 m/s to 400 m/s, while maintaining a cutting depth of 2.75 nm, results in an
increase of 10 units in the radial distribution function. This change has contributed to the structural
alterations of the workpiece.

Extended Abstract

1. Introduction

anomachining of nickel-based superalloys is essential for enhancing their mechanical properties,
optimizing their microstructure, achieving high precision and surface quality, and enabling compatibility
with advanced manufacturing techniques. These benefits contribute to the development of high-
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performance components for industries such as aerospace, energy, and automotive, where reliability and
performance are of utmost importance [ 1]. Doan et al. conducted a study on the nano machining of a NiFeCo alloy
using molecular dynamics methods. They demonstrated that increasing the machining speed, the depth of chip
removal, and the radius of the machining tool resulted in higher force, greater chip volume, and elevated
temperatures [2]. Hao conducted an investigation into the nano-cutting of a nickel-based monocrystalline alloy
using a silicon nitride ceramic tool through molecular dynamics simulations. They found that increasing the cutting
speed resulted in higher hydrostatic stress, increased crystal energy, and elevated cutting temperatures. As a result,
the changes in the crystal lattice structure and the rate of phase transformations became more pronounced [3].

This research focuses on the molecular dynamics simulation of the nano-machining process for the Nil8Fe8Cr
alloy. After obtaining results from the molecular dynamics method, we analyzed and investigated these results to
develop a suitable regression equation. This equation examines how cutting speed and cutting depth affect the
force, temperature, and stress parameters during the nanomachining process. The response surface method was
employed for this analysis.

2. Methodology

An overview of the parameters, tool geometry, and workpiece involved in the nanomachining process is
presented in Figure 1. The geometric modeling consists of two components. The first component is a
polycrystalline nickel-based alloy workpiece made of nickel, iron, and chromium, which has a lattice constant of
10.3596 angstroms. The second component is a diamond cutting tool structured in a cubic diamond arrangement,
with a lattice constant of 3.567 angstroms.
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Figure 1. A view of machined components.

In this research, the Embedded-Atom Method (EAM) potential function is utilized to model the interactions
between atoms within the workpiece. For the interactions between the tool and the workpiece, Morse's potential
function is applied. Additionally, the interactions among the carbon atoms in the structure of the tool are
disregarded, and they are considered to be rigid.

3. Design of experiment

The input factors for the experiment are cutting speed and cutting depth. The output measurements include
machining force, hydrostatic stress, von Mises stress, and temperature. The design of experiment was created using
Design Expert software employing the central composite method.

Table 1. Design of experiment

No. Cutting speed (m/s) Cutting depth (nm)

1 400 5

2 205 5

3 400 0.5
4 10 5

5 10 0.5
6 205 2.75
7 400 2.75
8 10 2.75
9 205 0.5
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4. Response surface methodology

Table 2. Results of the Simulation

No Csutetle%g Cutting depth  Cutting force Thrust force Hydrostatic stress Von Mises stress Surface temperature
’ (fn/s) (nm) (eV/n) (eV/n) (GPa) (GPa) (’K)
1 400 5 447.49 289 3.96 431 775.68
2 400 2.75 335.46 302.97 3.77 430 595.03
3 400 0.5 134.80 271.69 3.04 3.84 493.03
4 205 0.5 116.23 255.02 245 3.55 451.74
5 10 5 313.84 297.34 147 3.78 297.82
6 205 5 321.99 274.94 3.52 4.08 605.70
7 10 2.75 281.72 246.51 147 3.51 303.47
8 10 0.5 152.42 221.20 1.51 3.2 308.82
9 205 2.75 272.85 269.88 3.28 4.03 494.75
4.1. Cutting force response surface
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Figure 2. Variations of cutting force with cutting speed and depth of cut

4.2. Thrust force response surface

Thrust Force (eVin)
]
A

[T
Bow
= FF

"
=

1
=

Thrusi Force (e¥ /)

v
i
=

b
=
=

—

H 3
Depth of Cul {iun}

lIIIP KIKI 3[’ID 4IIJ|J
Cutting Speed (m/s)

Thrust Force (eV/n)

10 88 166 2441 322 A00
Cutting Speed (m/s)

Figure 2. Variations of cutting force with cutting speed and depth of cut

4.3. Hydrostatic stress response surface
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Figure 4. Variations of hydrostatic stress with cutting speed and depth of cut

4.4. Von mises stress response surface
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Figure 5. Variations of von mises stress with cutting speed and depth of cut

4.5. Surface temperature response surface
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Figure 6. Variations of surface temperature with cutting speed and depth of cut
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4.6. Optimization

In the simulations performed in this study, the most optimal conditions were found to occur when the cutting
speed is set at 10 m/s and the depth of cut is 0.5 nm. Given that hydrostatic stress depends on cutting speed and
depth of cut, this optimal configuration also results in a minimum value for hydrostatic stress.

10 400 0.5 5
Cutting Speed =10 Depth of Cut=0.5
1.47 396 32 431
Hydrostatic Stress = 1.45459 Von Mises Stress = 3.25611
297.82 775.68 11623 447.49
Surface Temperlure =313.975 Cl.l"i]lg Force =157.530
2212 302.97
Thrust Force = 223.699

Figure 7. Diagrams for optimizing the nano-machining process of nickel-iron-chromium base alloys

5. Conclusion

This study aimed to examine the effects of cutting speed and depth of cut in the nanomachining of a
multicrystalline nickel-iron-chromium alloy, using molecular dynamics simulations. The results indicate that the
machining cutting force increased from 152.42 to 447.49 (ev/A) as the depth of cut and cutting speed were
increased. The machining thrust force increases from 221.20 to 289 (ev/A) as the depth of cut and cutting speed
rise, with a more significant and steep increase at higher speeds. The von Mises stress value increased as the depth
of cut and cutting speed rose, reaching levels from 3.2 to 4.3 GPa.

Mechanics of Advanced and Smart Materials Journal 5(3) (2025) 325 - 365



YO U YEY Slrio VEoF Jluo ¥ o,lod B 090 ciasdign g 43 pide Slgo Silso

e, Aol g g A8 piens Slg0 il LM AS. _I

ra. YYAY-FYY. Ll liouisgs g aid uiny slgo Sulss Lols alxo

—o21— U ST (6,5 riilogili 3 (510 p03 ] G0 g s gt a5 U iy
g0 Solisd oSy Fwbzdaw P9y b pg S

T srologh A & consld Slyzaaze 7 (g 0 sl P (gAY e

m-zolfaghari@araku.ac.ir ¢yl ! « STl STl ol8ails ¢ gudige 5 (3 00l (SSlo cwdiges 05,5 Losls <

hamedheydari9922@gmail.com «ylyl e )5 s 03,5 s olK3lS ¢ csdign g (i3 00SLSNS (SSlo  guwigen 09,5 5SS (ggzmiils &
javadghasemimohammad@gmail.com ¢yl ) « STl (ST, olKisls (e 9 S8 saSlisly « SslSe PR 09,5 il k5_..;L;..';1)l5 €

tahmasbi@arakut.ac.ir ¢l ! «ST) ST Slaio sEiils ¢ pwdige g5 (o8 008 il «SilSe cwdigeo 05,5 ¢jboliw! ?

RV S Soals o551g

Ladlgn ale ulin 0 a5 5,08 0,Lal YU jlows o b cilakad el anl b 4 580 598 5,5 uitle 5B logil

. ) . ) (i 5 iz 5LIT
Grdwain g cay, b v slo i big (g esl sla il oyl jo aS g Sl g SConl o Sl  d3Slye Sanliss
Az pg,S-0pa b USS SLIT (6 )8 edlagil an Ty Laegs ool )0 sl 515 8590 sl (659, B0 ¢35~ ol- U

ju»);usr.udurm‘)bQ‘ﬁb‘sw)fC«.w‘o..\..»‘sm));ulsﬁy&aﬁb&uuﬁ))‘oém‘L)JL._M..:; . o
VFe¥/eR/Ye :edl yo & ,b

S ey (ol L a8 cel Gl onims (L euly s ) & wnl b el 59y 2 oloy 00l Ges
. " . VPN IYE 6505 g,

9 $39es Loy (B Slog s polie el /0 LA 5l 5)lop 00y Goe cali pp o Ve L¥e e
i VoXNY/F hpdy &b

Goe &5 Sloj cnl pogdle il oo (AalS 9,5 YOIOA 5 YT/ FOIY o ey IS ankad facayg (25

S oe—tle Slog i 5 (nglS Y AAY @y Lod wogr s 2y Ve (i o ogili 10 (g5 52 00
Sl g oo oS AT oduu; (€V/N) YYV/Y g VOV/TY 4y g0g0e (slog s g (o (sl0g 0 (sin
Gbimsgas 00 (a1 (6 L3 Lo Dl (ol y0 sl oy Juol> (6,15 (petile a1 0us (g 5lsaige
Slopodly Bas 34l p e Feor a Ve Gl A p S (MIBIL Col (nl LA (el @595 &6
00 g 1, IS dalab g iU ol g 45 aitls tal3dl oty Vo elaid a3e auli oymegils VIV

Aoddlo - )

O 58 45 09 Cay pai dlge 51 (gl ool by, 4 38 398 ades al B ST lgteas wilgi oo 9 ol )3 (65 itle

gy 52 5 alagil bl a8 by el Ve oy Sp055 ol Jpmame coobul B o IS dalad jf ot 4l 00y oled

ok Sl il (oS Slaw Gralazr Sl 018 Gl el ol b s (Lo 5 (39,500 25 olal 2o b (Slebad g5 sl
] 38,5 o0 plxl

oalatw! (o I8 puiile a.JJB @l sbacs Jl=i g ol lp swlol Ldow Jow paiz (6,5 il gaie) o
Gl ol gle Jaw ¢y Sl tales 5 (Sl dge 5 g olge ple (S (g0l Jgol bl o o Jow (] 098 oo

FAMASTYEVOV + F - als ¢ Jotons ooty o

m-zolfaghari@araku.ac.ir : s xSl Camy o0l



mailto:m-zolfaghari@araku.ac.ir
mailto:m-zolfaghari@araku.ac.ir
mailto:hamedheydari9922@gmail.com
mailto:javadghasemimohammad@gmail.com
mailto:tahmasbi@arakut.ac.ir

9 oSnolin s SoS 4y grawly i b3y b 09,5 o8 T- S ST (6,5 eblogil 2 (6519 2030 5 G0 9 b a8 oo ST sy YA

$loan] b anws 4 (IS b V] wload axsle slse B> &5 slaue 5 w2l JUE glase b (525 sloue
g Mbes olul whide Gl 53 (leaned 4 jls winp Jegil w50 Jle ST L zolan 4 il oo a5 380 (393
9 YL plesly Ceons 4 500 35 45 pobles iias (S eldie (ol )0 (giludnnd sl 0ad S8 sladse I (6l
4 IS b slagldlog oo has canylp (ile G 4 o o ol ()5 ile )0 oy b B0 4 (950
oolaul Ladlgn (sdie) o 00,5 jobas YU sloo ply )0 Cuoglin § ygumlannST ol jo Cooglio wile Jle o Slee Lo
aly Sl il oo s @ 380 03lllgsd i b 385 Gan b o)l sl )0 polie Slalad 25T gulS sl 05 o
o lml 3 VU sles (Jlonll ol pg S g ol (S T (ol 252 15 axies NiwFeyCry 6y 5LIT a0 oo IS5
S Gl a8 ol ol ol (o sl gl (e lalinl 5o (aliand (Sogm 8 o5 05500 Sl G a8 50

Lv] el oslp g 55l S iee gelaw 50 5l slapsl g 15 ankad s iiSem p bl plSocinl cinds |

o9 S5A b 30,8 sslitul e 0ole (59, » U Sl jo (5 dle (ilwand Sl G Il 5l S8 9 Siliga
5 O el dwase SIS el oals colaiul o g jlbanis jo LIS dashd g Il i g IS dshd slandl o Sl (6l
St S5 50 (5,105 00l e Gialidl g o argly SRl L amo e (LA ol g ead )y 65 dle (S92 Sy
oads Hl5l gel o o olral (ol pex el Sty Syt 51 (AU (B )5 5 b oo Gl B (695 LSy
Voo GO0 o sbace o 5l Jitue (o (S95m5 45 & adeine pizred 9 08 (g 00 1) e S, il o Jlssa a5
23l5 b s 03ke samg0 (65 le 93U (JoSUg0 Snlind guy 2 & )0 5 (2 [ F] ddly o lag Lty 4 5 e
K9y » &5)“))? edlﬁ d.o& 9 w}: u.cru )J‘ 9 ol ooLé.:...ql B OQLA 6‘)) rod..i";[al.éﬂ ‘50.4‘ J.WL.J )‘ m‘\)f ‘SC.L;AYOO‘).}
3 &)lseal sloul g Il (ol sloo uds yiion ol ol )5 eas il bl .l ol sy 6, adle (59,0
Lol cal YL slace ju yo 15 anks

o 1y 42y WV oslp angly b Il abowgts s 55l SSo0le (595 22 oy S 5 S)lop Boe Sl O Ben 5 o
Sz i Sy oG Bes Ol il sal a8 S la o o Il g eaud solaiul sadplés] cedl il 5l ae,S
S a3 o0 Ol (§iludand @lS Sl 00l (cwyp A Sy 5 A g oo S Ap Sk g Jle S
odd 6,8 etle haw 4 )d 9 398 o0 S Ankad jo S bl g feST Sy JSCI et A ke S5 i e
FIL A S a5 080 oo (LS S b o SRl Sy 4 A Sapm hn Bee a1 L oS (o0 Sl (6 Lo
95 Jlms S Sz &5 Cenl oad i Grized Sedioe fiier (R Slagrd g (hn 4l 50 fiie aS0S Cgne 4 ke
Sty 5§51y 00l ae 1 iSem 5 95 7] )l by slag i 5 plowl 8 o lge KD i 2 598 b ip
90 Lod g oy E oGy Goe ¢l dwain D100, (o) 2 (J9Sge Snlins j3 1y e (aman ) ndle 22
ol gl ol )15 by Canglie 5 gz B b ) diin 45 el oad Lt ad 4285 )15 alns
PR S95 dy7ie A7)0 9 oo S5 ) 03l p > g 00l Blge Slhn JSA el ) e fiien By e 45 G830
9 ORI g Jlnl (solar )0 fdan 08l pona dppzmie SVL b Sy (pized Db ss S ) (S350 S99 S
SO9e Sy 9 Sr Sae &5 I pd wlioe GRIB1 IRl sl 55 ool e Led (Il L 3sd oo (s350 S95 5 S0
Lv] il oo oS

ks 1 gy 3550 (S0 Snlis (3lwas 1) Tis sbaiz e slajlisle 6, Silegilb oS 5 (B

VEIAN g YEIYO AY/F- AT IV DIYY Jolro slaasls ojlasl glls oo i 4y oads adgi (5 sbais e [Lolo il
&o.c J"“)‘e‘ L: as Mou;a uLA.MJ C.’Lu w‘ AW 4..3;).‘44 Bl ).u ‘_g‘)lsuml.n CA.C)....: 9 U’“")" &A.c C.L:.m A Al )—A.Aj.‘l)
\\"’/VO b()/\"\' 44‘& o)L.\J‘ 003..\.700)0 A WUM w‘)l.u \))9.41 ‘5).“...*5 LSM")" ‘5LQ>5).4 ‘_g)lsuMLA ;"A.C).wﬁ U’“")"
aS a2 oo plad olouli - awilsy e iiSen il oo o381 LS Lugil e (sl ails o3l iul38l L g sl ¢ agils

! Difficult-to-cut

2 Rake angle

3 Embedded atom method
4 Polycrystalline

¥ oylad 10 0550 INFoF Jlu /o g 9 4xb piiens Slge SerilSo



TR (cologd aag (ool Slgarioses (5 y0a> dal> (5, lElNgd (oizmo

alayly o ailsj e oS > g il a5 Jb o el - b ddaly cwlil #5000 ool a8 > pl j0 ails) e Cwglis
Sloaliial L1y IS5l 5Tngm 32 slp S 9l 1l Gl 055180 oy lSen g gl Al ol gl ugSiae
Ll ooy a8 3 a5 5o Al slapsl G )9 el 550 @B ols S8 awy r 9590 (JsSge Sl (g5luand
ol ol ol a8 3 )18 addlhas 090 by (glwand wnTd jo 15 askad oole g 5l e (iSen 050l Guizren

LY] ol slails §y0 el e o slaylnl jo ol g pg,S (IS slasl Lacsl Lol p5lSe a5 ams oo

Sy &) xS 5o i Il sl eolitul b 1y Ni-Fe-Cr (g 5 JS5 iy 5T (o0 0 (5w 15 0538 o o g 03
oy lp eadplesl Lol Jowily g g Jemily @l iols j18 ) 0550 (Jege Sl (iluwands Julos
o) 2l 5 bl (s bl s ol I8 (3 5555 et el s ol 0 o0l ol (e iS0n
bl Y as 4l Ni-Fe-Cr 5T jo 25w 5 p5l5e a5 aas oo olis gl Canl ol owy p 5o LIS 5 J 565
A go (RalS |y Gz 0 (el (65,5145 Jylome polic wil e 55T 555 peg) S yoie it sla ol 092 aSL Cas
IS b 5T 55 Sz g0 Jolne slagsl el 2 ogdle 538 oo 13l J 355 10g) Sla ol 0lg 1 peiiene ué jsbots
oKes 5 gla ] Wi o ol <5 > 5 gile a5 05,5 sl (oo olb g 0S¥ faie oo 4 ) la ool alys
iols 1,8 axdllas 0590 (JeUg0 Solins g, 5l eolaiwl LTy oo ool UGS asly 5T g Joo G 5 oS l500 0, Shes
DVl a8l 0gage YU ey b o e 50 1l sl ol 50 S canglin o ,Shas oS ans o olid gulis

izl s i ) & (i) slogai JalSS S5 ST ) edle b b ool gy b o) en 5 sila

oS o o s dgegs | 00 (6515 pile Slalsd CariS g amo 1alS |y b 1 osee wlsi s Lyt o igl33l 45
S50 Sealizo Gy, b S0 gy 53[0V ] 05 g0 (b 40U 40 i iz 50 AR 4 e iy (B oo
Gt e a3l a8 il (L 5 03,8 (o) 58k e (sl Sl L ) IS asly (oS S5 ST G 5
5 s P GSs Lo Sloendd 4y 5 3980 SV iy slod 5 (i S (5351 Sy s (25 4 e
Saliys oy, 4 NiFECO 5T )5 mle b oy b ohlSen 5 0lso Y] albge Gl e 57 515l Joas
ol Lod 5 o3l oo 093 Shali8l a4 pomie () oetle SVL Il glads 5 (gl 00l Boe s s a5 0ls LiS (J5SUge
2Esay s GlSlogy; iltinge dog] (SlSe (olss 5 slp UK b sl nsm ) mdilesit [1Y]
Yo L5 b elil anmss 4 Ulpo ool ol oo o Sl 428 5y oSS by ()83l Sl 5 eelans o 5 W
DVE] el Copanl Jgl a2 y0 30 Ll 5 lisabol CollB a5 Ll S oo SaS 5095 5 55,0 dilsn aiile i gl
il 5l el 0 alowl NigFesCr 5LIT sl 615 pmblogib a5 JsSge Saalizd (6 jldnds 3aios ol 4o
St slo el Sl () 2 sl cslin Ggama 55 dolae o (8L g (o) Sl 4 (JS)ge Sslins by 5l s
G 9 0 Sl ely s (39 & 6 edlesil ald 5 g Led g sl p sl eoln Bes s o
ouds plomil V63,5585 gy Led 5 )5 edle (slag i (s3lainaS Ban b 6 0edlogl wnl b Mabseniy (giluata
Golwdigy 950y 1) SIS 5 S oo SWS NijsFesCr 5LIT 6, wile il a8 Syo a Gudos ol (S Haba ool
Slalss a g o logilly gl 5 laazly cpl s o @) o ,tlo Elyais 5 golad 85 4o Lol sloogegs 5 b ol b

ol L3 0550 (5 50l 00guze (3 (385 398 (5,5 pwdile a5 ol i lo Ladlga ( clds

! Cubic Boron Nitride

2 Pile up

3 Lomer cottrell dislocation
4 Joint

3 Resistance performance

¢ Multi objective

" Hill climbing

¥ oyl 18 055 INFoF Jlo /kaigh 9 45 iy Sl SenilSeo



9o Snolia s S5 4y grasly i b3y b 09,5 (o T- JSei ST (655 oeblogili 2 (619 030 B0 9 St o s 1Sl gy YOS

g0 Sonolind (65 lwamds -

wid (§ilw Joe el ool ools L VS o 6,5 eilegil ailyd o IS dadad o 15l dwais e il 5l oles
S i ookt i USG5l ST IS B gl iy il gn e e 5 e 59 ol gyl o
obedl LSl 5o uledl o 1l pgd (ide o ¥ S epg il ) /YOS aSlils ol s FCC! aSe JLislus b pg Syl
50 Il e lads g ool g Tol3T by aS oo Jow (laigS e ans Il ol o pg T YIOFY aSiils Coli b oxSo
5 oads ol sl Joe (cwain Sledlbl Hle g oo Jow Jliws )5 S5 oole & ygos b 5l uizen (ol ool Ll
el 00l adrin ¥ gV Jeaz 0 il o)

z

" J y Raie angle

aeto.s60n oCr
it
oo saon ONi
@=90.000*
3-ao-o00- oFe

y=90.000*

VO] pg,5—cppl-USus oil Hlisle ¥ S

HU anlad _wais Gleogas V Jgoo

value Parameter (unit)
Y. Length (A%
A Width (A%
Ao Height (A%

S5 =S5 g S-ps S cplppl I aakd [l slaesl (LS e gly eadplés] ol Loty o5 gk ool )0

il lp 45 el (6551 Jomily @b oy Jmiliy Y] 09,00 15 0 09,8 - US55 IS5 000l ol - S5

WS Jao 1) owi¥lgsS sladisn L8, B85 jebas wlghge wyee Jemnilly w09l g0 oolitul o JoSdge )0 (gail (p ieiS
DAL oss o ol V alaly & )y90t (90 Joills Jgass SzsS (slosSIga sl o250

! Face-centered cubic
2 Relief angle

¥ oylad 10 0550 INFoF Jlu /o g 9 4xb piiens Slge SerilSo



YOV | cwlogb sz g (ol Slgaraocs «(5 jaua sl ¢ Lidllgd (oo

Spl Cuxdgo g PR Oluwogas ¥ Jauo

value Parameter (unit)
ye Tool tip radius (A%)
Y Relief angle )
-\q Rake angle(’)
Y The distance between the distance between the tip of the tool and the workpiece (A°)
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2 Embedded-Atom Method
3 Morse potential

4 Thermostat atoms
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=== Thermostat atoms
s Boundary atoms
weeee Newtonian atoms
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