[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

J. Energy Conversion

JEED) (¢ yil oo - gale 4 it
Volume: 11, Issue 4, 2025, 33-49 ( ) 57 Jodd pava 252

YY-f4 ) NfeY ULMM.Q) f e)l.o.;l': AR 0,99 s,

1%
1
Jraul

&lo3lgyo 5,8 oliciws (FLal )l HLd) p Judupu! (S0 Curbso g i y5U

QIS SUWERRN P PR VUWIRLIE L X VPR R VY B 1V P I L& S OWE P || JOP S

mohsenihojat48@gmail.com «:| 1 ¢yl yu ¢ sadl o131 oKzl ¢yl yams alg « Sy 3150 05,5 e | (oalis )15 =)
mostafaomidibidgoli@gmail.com «l ) «39,0L ¢ codusl 85T oSzl dg,0L axlg ¢ 0Siiils «SilSe 09,5 ¢ LoliwhY*
mohammad.hosseini@hormozgan.ac.ir )5 5o & olXisls « wdigee 5 (23 00SLiild (S5l 09,5 ¢l oliwl-Y
\AASAVARTAR AJER VIR SR VA RV REEP-SU PR i p VA W PR

oS

£ e o)l LSl 5o 5si b g ool drulne Jaipl (8l e 5 ] (62518 U v s (g (58 e 0l o
Joimel Gloa b 5590 (uilS )3 51 508 Sy 4y aS 5 ls )13 3500 FA-YA oogasme [0 ol uilS )8 .0l (B aiulem b oliles )| uals 6l
b el 58 s b bl oo gl peil slasge JSG ulul ol valgss # 5 uilig, b agais sasay a5 5,5 Ly olei oo lamedsl b el
bty 5o Jaugml Cusdge o aS ol lid (giloand bl Cul ol ow )y oKiws o5l gl 0Yed g PB::-‘*“?” O 93 5B st Jol
A edalive middh 0ge )0 Jaipw! il (e s o 0l LQJ L bles slasge Ko g ojle cab (S 35 (6,8 piir Ol s glis )|
I e Loy 5o Joil a5 el oy 5l 5t 2o, 0V 0 il ails 1,8 o5le Byl g0 40 Jarawwl a5 Jloj T b ,blie el uilS )8 a5
Sl 08,5 55 35,0 FY-YA & (55,0 YA-FA) L3 Cand j0 o0l ol oS ,8 050 a5 050 )5 aseine Judow ol 5l izep 0 )ls 13

mostafaomidibidgoli@gmail.com :olie Hloougs®

@&Myswﬂb > daztadans ¢ 50 (gael ilras (oSS e dll G o (] A Slciw] 0 g
XY-FA:(F) WV VE Y L6558 o SGlo (cwidgn . slojls o 5,8 olSiws Slolss )| L3, 5 Joul

Y


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

doodo -

S ele Sk i (sl Wl )lS bl S plsiear gl (5)l500l Glos b gl 55 sl s, eble Slabad o
Sl ) g (B3 olws g5 (S poboar 9 (A1 slayiall 5 ) dle Ll p2 B 098 (onw il (nl by 0025 (00 )18 4253090
il og salss Jpame YU CoinS g e e (25 o] 4z 5 Wl 35254 (A5 (e 50 s 50 Golas )| JBlax 5 S
1 s 55 (sl LB ) i e 51|ty sloessy o8l8 o) al 1o liime sl s (sl 35 o525
O ool )l sy sl (S b ol &l lag] malS L g &, Sy el Jooly g 0908 ol 1) [ERA IRV PURCE N
Lol o jlonns Sloptncns

Al )0 b oo oolainl Slwd Djgods 0,08 5 ()5 F g 5,8 (1wl e gaolKiws l Dlakad adg gly alidS o
CobeS 500 Bk g eog L3I o Sldl slallas 55 g ,55lnl (79, 5 (somz DY b s jobds (65 dle (b el
(GOds J).»..S ).u 9 ‘5»_'3.'4.@[)); u)u\s )l oolazwl L’ iy J.nb; = uLQ.Q_’?LA oudls k;a.u‘«.' LS)lSQ""‘“"L" JaJ‘J.M: L Jj..m QS'LQ" C.‘a‘.u
Olze (5l e Aol Caro 5,50 o ly Silogsl o Shae b &Y puiile cplpls aias sl Sslegs! jobas 1y Lyl ol 51 S
3B askd el fuile g9 iz sl eslainl 4 5hs aS Sles Jeame culS mdaw (ili8l gl el g a5 Wis p o e 0l @
05 alr b 4 (Jy ogd @l S0 slageile glp (GBea pSasls S a5 wo S sleidn Galpl 109k b oliws (s,
slBtws oyl ol by «cils olpad &y 1y (LS OIS jui puSankad 105 a9 5L L 5 Ll ,e sloolKiws i solaul b 4 olKiws
53 B 5 S5 s Loty (55 eile  idle ) IS ankad T 53 45 w5 |y T (8 geralS (goe 55
Lral> Vb cds b g Sslegsl &g oyl 0,0,l5 5 Canlgs o plo a5 ol ool annd slasgSa laeile ol o calites sla,l 3!
28l Jpama kS gl Sl el Sl 5 05500

s 5 awlg U Sliles )l b iz oaay w8l o LT 6 )5 uile Sllas > j0 a5 SWSiie (5 Jgere 1 (SG sg0ll
3> 50 ewisliom sl mile cds aS Sl T5l 0 l35 o sBitws e g I3l pes (golal CBs mlaw CubS (59, s u‘).u‘b a5 Sl
sl 4y e algs oo Blisee sl el )l s co lid |y g3 Sl il (S0 5l s aiwlem U olils )l cpl el 9,500
.oﬁ.é 9 oKwo m)‘LM: ‘)‘}9‘ ‘4\.140.7-)‘ D9l e yO M‘?b UL..:L:U)‘

SLeS 8 by o5 S ewplom sbelliws 5o (nlple 5 92500 JIE swin Suse Slue (nl (slod cadsl (Hb o
395 SISl oasay cpl dacend 5l B iulu 3 9 Hley ,35 jo Cl (e w098 cod Sloul suay pl WXigd o adgi caans Ll
J‘ﬁ ol S y29, wwd‘ s C;L&:oli‘;uo 3o 4:1.,...»‘55[3 uL..;l.u)\ obul el JALJ.,ls as 6“&5‘; ] 615 RUV- ) UL......, ‘)
oles 8,3 L s T adgl (slb el o g0l Cds )] Cwedilyl CEle gl Glalb 5l S s sl 034y S5 Jgazme
b odid (ot yabods 5 0y (5,l0bL Cll> 4 a5 wao o gy axkad O 315y SBLT OV T ile 4365 ) (S g cwdige
00 9)%9) ST ol

ooyl el sl jo o 1 0 aS e s el glojle Sliles ) il co i (iegh ol Lol Bus aS Y ol 5l (SO
(Simesy Srodle ;3 Jlo Gl 3, 357y i 1zl 500 5 00y Il 5 T O slabaly g 5 widloe BB et 50
ST oyl 8, cubld sogee g 88l slalaial, G,k 5l oliws £45 4 dias a5 o ls 18 olBiws oYU e [0 7 Jouowl
G eiile g 060 g JSankad 65, 0 Wilgu B o p VL) Jasowl slas )l ool by ST il (Cwles) 55 oladad (glls adglools
E5)] S (ol b s (g (uilS 8 000 sy 008 oo ppinnns DLALS| 5o Dl 1ok &y jmie i) Dl yss (] e plaxil
ol 658 W] 4 aily Siees; (swOlio o ojlu 4y bgrye (oal (W8 L oS Gl aoy () S (o0 s

S5l

1 Chatter
2Computer numerical control (CNC)
3spindle

Y


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

1031950 39 ol (LI )l ylid sy Jokims! S0 CpmBgn g i 53T

ke g ojle )0 atulgSb DLl sbnl (a5 5 s ;5 ()lLL & i gl5)) oS (nl0)lge (B0 5o (alpodle

093 4 e Lol )| cnl sl 1S 5l g plliians 0051 1) Jokpmsl a5 e 131 S oo Sl 53 53030 jsbos 5 mns 50
oadz ke o)lge 4y azgi b gl oo 2led Jyame CobeS ilS g ol askad mla o el asl i (5)l5eal 4 e g 00l 5
05,5 5o sms B3 (nl 5o lplis sl 10 )05 5 VL Coal 5l (g5, (oo R Omble 10 5090 (ol (Jsol (o) 2 YL 5o
5l g sl p o (goman Gilodos 4 Gupw 358 4235 Hla0 50 Bus Glyiedr 5L )3 S92 se (ol Sieeg) oKws SG B
g pll sgae Gloll (g3l Lawgs Jloge

odd (155 )5 5l g (ol oBwd Loy ¥ ¥ Sijas 0¥58 (6,5 ile sl el 51 gy 4 [V-F] ) 5em 5 58,
Slilos )3 6558 215 59, 2 1) lpl o 4, S (15's) cualid Sl gy p 0 [Y] GLKen 5 jlegSTole sl 5LIT6L L
QB0 5 0 0,8 pealis LT w5l aakad o cSL G ol

Slbes [0 ol s [l Goa b cwplow lplomile jo cudl slbs ol oty owyp o [F] o, 5en 5 45
S oedle (> 58 g Dlakd oS08 Jgur lallas L Lo yo sllas () ilisis sla by, (gl cnl 5o 310 6,5 ele
oBiws Sy el 5 (b 4 [0] (ulKen 5 Lug )l coolal o il jslateds 5 [0 (cdgly ;0 C85 18 () 050
oolaiwl 695t £ Ol S5l g ol oals Bl Sludl sl Koo \leas b g 551l Jole coliws ol jo ozl was vl ow
sl Gl lalhs Joay popl o oo slo ol Jelow s s a0 VoV Jlo 1o [F] ()l S1a 5 St izpe S o0

S5k 5zeR 2 SaGbs, 3l el b gyl o o820 (52 jlidj0 Bpas 6551 (it 4 V] 13l Kam 5 Sl
olRiws 53 (6, tle 9l sl el b (s3luaiats sl unz oSag, Al 23lSen 5 gil5 Sos (ctmgiy po Sy eile
b i b ados wix giloangs 4 by ] ol oot ) 0ds sladse 2alS 5 650 G ran 0 psmadie Bud b ol o
asdllas &[] L13 aesl sl 5 ooly LolS awisls 5 Jodul St 5 4503 18 50 (5500 Ol 46,558 ey Jol (5395
b )55 slotaly b aia S gms [Ve ] (a5l)Sem 5 SOI5 Yo VY Lo po aizsloy o U558 o) 5 )lnlomile ) iz onay
6l [V ] Ll Kan g 980 crimon i plol 5l 5o Giolw sauay (ials g &)llss Bas b il yepis oldee jo 1, YU oo,
5 Jye Sl Sl giludingy Gy lul 2 Sebl oo Sy (G5 Sldes )3 iz ey ST Sy ()
S e Sl e o dags (2,8 B iz b 0abCa 8 yardy i 51 S5 Slalad (5 cnndle o)z 4 [NY] il Sen
QB Ladlss oo (o Ja BB cwl gw oS 5 sis

a3l (b SiSS Sloolital Y e+ o (g poriasll (658 ble 0 Lblas| 5 b (65 (5loaint 4 DYT (S35 555,
oo o dbaly ojgleisa jshaeay Lo g aKasle)l adlhae o [V i) Kan 5 b3 comimpen oSl 265
5lolizal f1 gy s DOl Jail)San 5 (13 1500 stmghy 50 cnlpogdle iols planl (5,881 5 a5 (315 5l (80 pms e
A1 bl e Sl sl (S mble o 53 LS (555 2 Il e8NS sl 3Rl Olsiear jseelS e
o Solliws 550 ;0 Alin o slasi g wilosgy 5 wlide 10 9 Lo cwiyl emolSiws b lad e ool bl sla iagh,
do §355 sy b 5 225 oy 4 DVF] Gl Kan 5 gngund iz 5 (Jlta bty sl odms) Dlz & cwlis
Jio iU Olmio ol 3l 2506 Slals ) )50 50 Gios a0 VW] L5es 5 g i ls )y ooyl iow (siume olKiwd 10 0,950
Al 0l g lass

T bl 1 gl sl il 5 aiadls cowlio 1 Lo 31 51 ooliin] S (39 b (s cwl o 3590 50 [VA] il Sa 5 o305
O, 5 jlegS il s IOT g, bl olSss (43,5 jgiilo 5 om0 [VA] 21 Ke g el ailos god Juloes gaee Lol
VS [vy] OLed g pod caidged gy |y (£05900l8 Slge 5l oolaiul 31 g 0ols yd Wy 5 98 Blge S 4y | 095 Gudo [v-]
25 B oS g o 4 VY] l5en 5 590 0038, ogimn (hom 5 (omae 4508 0,805, Ceano & rhas ZdeS Sl 5 (o) 2
0 S o 50 03l oy 1 s 055 y5bas [YY] ) 1Ken g 08 WIS Jatpusl i3 1 1 095 55 a3 g wilaisls y 955 3o
s9amee ladl g, 90 5 5 410 5y sansl s oK Jloge sl ol ol sl a4y [YF] )l 1Sam 5 ey sLibily, sl ax3ls 5y Joip

sl r:l?u‘ ‘) ‘SJ)?U 9

Yo


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 |

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

S 09y ol oy olws s gilwJoo -Y

Goxdw u)ﬁ.»oda J)jd.JLm )|)3“n).> 5 J.clf uu)} 9 Gﬂﬁ‘j .)Lu‘ l.: (_g).uo}) (5“0‘(5“" U""‘)" u...wl.a Ko AS.’ (_gLQu.o.mB GALM
FYVP P K COUOW RUPIRN L OIS PUT PP YV O L S VAP SR YR L COWR LN I DS WP L2 By PRRSUITE S SO U VP3| W KOS
el Sglite lalins b olabd (35 jshiieds Jairal <8 cuz b bl 5 olSias lis) bl 15 Y sme a8l s

bl oo b g gl o @ fo b gyl adad oS o slinl) 0 X jemme g 0oy Jato! (Sl eS8 > bl ;0 2 jgme iz e
50 50,33 STP wiguy b oals 5lige Jow Jolb el o ol 5l s el o ools (yLas (V) JSs 50 o 5Lige Joo awais 51 sles

el o Sl VS 59 el 15800 5

0.000 1.000
[ EEEaa—. |

0.500

2.000 (m)
1.500

BT (3] 50 (o) 339390 (S 309y (ew(slew Ay olws oudy Gliige A I (o led —) S

Sguzxo sladl 513810 5y solo plgs u ya =Y

Aae g5lucSw a5 0)lg0 (S 40 g CKAD 0 SV g8 i 5l (5m0s, (swslow (sloolKiws ol cilu gl Jgora jobay
sy Syge ol 4 azgi gy plil 0gd so ool GAWJ LT 5wl ollb Glaal 5l 55 olKiws og b, g ol
Y58 § WS SaS g & b Sl JE 50 45 poeiagl] iz 50 0jsm nl 0 plaasie 65,54 5 wSlioe oy o &5
Vb 5 poriosll ST Cnlply i 48,5 L0 50 Gl cal Jgl al> e (sl el poriagl] 5] icnnlin Sl | Sdlgl S 5l a8

ol 555 G 5 Jon sl o o 5o (1) i 5 (1) Jpor b e o 40 Sl b b
porimeg! | ST (Sl wladiin ) Jour

)"'ﬁ‘“ -\9‘5 )"‘"')L!.
Yvy. Kg/m3 Gllf}
Y/Ax) A Pa gs“‘"“j w..l....; ﬁm‘
Y/Ax\ <A Pa 6 lid el plSorin
\VATSRE Pa i ol S
Y GPa &Mw JSM
JYY e u&w‘y w)@

! ANSYSWORKBENCH

22


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

Slo3199 58 oliwd (LB 1,1y » Joims! S Curgn g (i ;5

Y gd Suilko Glasive - Jguo
YAD- Kg/m® &=

YI00x) -4 Pa o5 L pSo
YI00x) -4 Pa 55 ks pSo

BIYx) -4 Pa iiS oles plSoil
v GPa Sew¥! Jgoe

. /YJ\N ....... uj—m"j—' k-f\-’)-aé

Joo guaasl -F

50 dalol ol oals ooliiwl ] Sgase Lol 5816 5 s Solegil (gouaSils i, 5l calisee slacand gonaSiil gl
R s (el GG sy 5 e 555 2 e Jlosl WS (oo g o1 lils )| Jolos (S 055 0 pll Ll 55
asls 1) Jasl o8 o litre gbabnl) jo wilgn glia [ 0,00 o5l ;K0 &l il oo Wb Jgl (il )8 aw a5 s
Scwnd b alize sbadlge o Giulas (Jsl b (ulS 8 4 b blis oS sdalcawsds slasge Ko adllae i o .aib
o b slsge Jolie U sl 5 & jgoipl e o ol SYLaSl 5 Jow gusee iy a5 5l lis a5 Wl g ga Lige Juw jo Oglass
IR e 550 e glRen b ool 0¥ aSl oo e & Gy Sl ST @ poas o oS pgs Jelod )0 09,5 el (65 i
b Sy » S i ),.;b wlioyl (S bpladl ojlasl 4y a8 Jow (gais i jo eolatl 8,90 slaglall slaws 00 Lo 0,5
SOl by adl (2 F &jgot gauaSed b cwl gy 5ok 09 Jol> Gliebl 15 Joo (gamasied 5L wsk axsls
AV bl SllB b ol bl 5t S e Sad 05 Sk ke 6,0 iz es S5b 65l e uneSed
@ axg bo,S odaline ¥ USE jo oles oo 1) sl Ll VA YVAY Jols a5 ouds (gunaSils Juw 31 L5 oles ol wales Jol>
aib gwaie (Souzn shls a5 050 4l aSST Ko 04 eolitn locuand aon sl ald )l (g00aSis b sl ool aw (S
Olg s |y il oo &S > Gl ain a8 Job boog), slyls a5 Lol slagn Jlv sl 20,5 oolauwl i g45 cpl 51 olgs aS
el 00l oolainl aloaw slagladl 5l jlabay 5 950 (g00aSll & g0y
() Ui b gollae g oo dewlne HEX20 5 TE10 Lol ouisasd 57,54 el 50,2 (sl 15800 5 awgs gamaSias coaS 2l )b
).ebo 9 uSq AL 90y o)‘}o.ﬁ )L.\.DA u.)‘ ROV R w)‘)f N4 l.’ )J‘)J 6\.\.».:4&»..» g.A...O.»S ua.i:L;do as w).’um.\: Sl 00 C‘)M‘
ol JgB By s i gm0 00 g el (guuaSiil S Sl e S das L]

Hhddw aas o)l e
Locly g 9 oo (guiuaseuls Y JSCo
3382 08 g ludl Gl b 9090 puiiins bl )l g mulio o Judow zoll Conlus 4y S g 0090 gllae YU 4 G Hlais
FSEoS rojlail b aslils 5l oolazwl 4y (63l 5 0090 JouB 0550 +/OF dae Cewl o b SO 4 Ko g YL sae opl laae

RU PP

v


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

[=—e—Teti0

et Hex20 |

38334.00
35000.00

30000.00

25000.00

:

Number of Elements

10000.00

5000.00 |~~~

0.00
0.00

013 025 038 050 0,63 07s 0.88 1.00

53l 5 31 ks ikl 53150 e 5 Y S

fosahonss )Lus.o 9 (WD 6)L»JM ‘SM)L».o.ﬂ 9 S0 -0

Al 90 S5 5 grlo (il 3 Jold onslamody gl 055 )18 (0 9550 LT L Bl slaoge IS 5 ol (rmb (uilS 13
o) 65,8 aise oals 4l bl g oals ploul SIO2 o¥gs (i3 5 la o L gy 5l Ceend ol sl ool 5155 (F) S o

Ll oy cls o oole

A: Modal lysis to chack the lelling process
Total Deformation

Type: Total Deformation
Frequency: O, Hz

Unit: m

1/26/2023 6:07 PM

. 0.025447 Max
0.025447 Min

0,000 0.500 1.000 (rm)

0250 0,750

OHZ) Jgf (oxab (uils ;8 b 5Lcke 390

A: Modal analysis to check the modelling process
Total Deformation

tal Deformation
Frequeney: 3.5107e-004 Hz

. 0.025447 Max
0.025447 Min

0.000 0500 1.000 (m)

0250 0750

YA


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

(103199 353 oBwd (LB ) Jd 3 Skl (S0 CarrBgn g x5

1/26/2023 6:20 PM

. 0.025447 Max
0.025447 Min

Q000 0500 1.000 (m)
[ —— S

0250 0.750

b IS 5B s y Bl 390 JISI-F JSCi

i 5L g0 § (owidid (8 Hlw o S (o y p Sud b 015 wliley | Sk gulis -

IS K0 Bl 51wl 55,0 50 000 4 Suop b g o b el ol - ol Gl el uilS )8 4 oF) S @ 4z g5 b

s (e alple ol (S 58 S @lraly Gl (S g 00 OLaSe S0aSu b 3l (ormle (558 s 1S5 e b bl 340

39294y b Jdow dslol gl (ISCie 5 Aiily oo zroro o)lge plu 5 SYLasT olF 0yl picews 5Lge § (gwaid (3lo Jow aalsg aS' o8 S
el dalgs

Sy09) G""U‘G‘“ oliwo Gwl:.v)‘ Y oleo C‘f’u.w‘ -7
@bl az 0 b Jolas (a5 0) (g0l o3l b s yilo & jg0ds 138 5 500 g oy sloyalyl oli] 4z 0 wix b slo et sy
Dl o0 Gl g D)yl Lol )l OYolas a5 s 5 oy SOl o i

[M]X() +[c] X() + KIX() = f (1) M

:QT)QAS
m 0 0 . %] m o o . .7 %X
o m, . 0O m, .
0 0 m +0 0 m +

e e Ty ) L m o
k 0 0 . .| x®) (F®

o
o =

| K, [\x, (t) F, ()

2l anils 5939 gol3l az 0 N L et BT Jlio (6l 0,10 3525 (b (il 8 S pinnns (0051 4z 50 SO yo (gl a0 1A
Ll paple 1S b Wl 8 N o5

(S 309y o Olisw o8 miile ol (Jg adl so aiwsml Gl b piaces G gl YU jo 0als &l Lolesf Laslg ) eles

o sl plaS e g WS oo 8 dsgerme SO 0 e b 58 (B g pes ey K00 Ojledy Sunl dtug izl O)pod gl

oo (g0laad 31l bl daslg ) 90 5e] Cewoay (gl il Dglaie picw pl ol )l DYl ol by s Ao s

Ya


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

3,5 i o 5 ISRl L (shmeg, awiylew o o3l (gl oad ool Juw SO jekaie cpdy 0gd colaiwl dlugn co,maiz

G209 o Ol (o O (5l 00l aid )5 i 55 Slodl Juko 1 (Silends -0 S

sl 3 5 lge oLty calies (gl5a) ol by
Seled IS8 5l o 93 32 50 Gl s pledl a Jalts ((gemlaigd) aly slagloll =)
Sled JSo 5l o 99 52 50 Gl s,y ledl ez ol e b e slag Lol =Y
Gl 00 aseiie Slad S5 )0 45 005y oif o (gl lall Y
Gl 00 aseiie Slod S5 0 (6,180, leds b a5 i slagyledl -F
Gl 00l ateiie Seilods JS3 55 (6,180 L b a5 Jor el 005,lagSs slaylodl -0
ool osmlive BB Silets JSS o (6,138 Lo b a8 VL 003,lgSS sl 5 sloy Lol £
ool s BB Slad US55 6 1380 Leds b a8 ol Ladl =Y

Jlail s SVl ez wcdo e ol Ll g6 a (g3luonl (0,8 L aS conl alides (Lol g5 Guaizr Jold s (1
oy s aslsl ,o a5 sl oo 055 aisee Lals, slls byl 51 alaS o a8 conl sud a8 F i s il slaglell e e

w‘ o w\of
ol Jlast glaylall —5-¥
6995 05,1 Zp 1 (g 50 g el Gl 51 (295 Slales | Zg oS s 5 cps el 30 Zo=T 2y alaly ledl g6 0nl s

19b o0 Ay py JSS

| k
06><6 |6><6
ol yoas
k=diag| ————~ = _ = _ -1 )
ky +jwey ky +jwe, K, +jwe, K, +jwe, Kg +jweg K, + jwey
C 1 1o e bl el 55 Joles slo pood crpimas 3 oo lalil 55 Jobeo o K2 5 1 Ko s s
S i)k Honlyo olee sl yes (pizmen g Sl Z 5 Y 9 X (¢ ) 5o ol gl e 725 T A
et oo kK kL c, C
ek 4 503507 9Y 9 X glayome o> i3z Cuz i Ty PN 18 e Jolae la s iz 2 5 )
C, C C,, . .
. Yj ﬁ‘ abw‘f‘f@éu)ngyyydufwéw):


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

1031950 39 ol (LI )l ylid sy Jokims! S0 CpmBgn g i 53T

o g Lol -F-Y

_ R
oazmo s T 150 65 sl o e 31 Uilas ) JU] e ple TH T 0 a8 20 T T 41 Lty anlss lodl g5 ol (sl

I 3x3 - P| 0 03><3 03><3

R 03><3 I 3x3 03><3 03><3
“ 1 mw? mw?2P lys O ®)

W3 —MW-Fic 33 VY33

mWZPIC _WZ(mPIOPIC""Jl) Po  laas

S g 5Ly Lol -5 —F

P C ol T L Z,=T"Z . .
109 g0 a5 25 ©yg0ds 5 Cansl GBla ) (S JEl G il T 1 j0 a5 0 ele s pledl gl sl
TF=U,U, 4,....U,U, *)
:QT o FLY

(kill - Wzmin)

U, = ( 12 _Wzmilz) o

kill_Wzmin)(kizz—Wzmizz) i 2 i
_ - (k22 -w m22)
i 2
i ( 12 =W le) |
Sl 5l g5 12 (6l ool &l Lol )l SYslae § (309, owsliew oKiws gl ool a8 )3 Jlas o Jlodl Juw 4 4z L >
Olall 138l 5 bawgs SIS el e 51 e (Sezs Jdoa &5 0508 Jo 1y ol G 5 El3cisl 1) i (olas | (IS dlolas lg5 o0
Ll 00l r:bu‘ U""‘""""" Sgdzte
s 2k Gl pilS )3 -F-0
5 3 e S 5 Sl 5 Al i s (grsels 5l lS 5 S5 (Sl lS B 31l el g o 50
= d.:l) | YL )LMAAJ LQJJ.A )| ‘5>)J B L: 9 Yb JM‘ B ouu oolaul )9;9.0 wL{;ﬁ O o UT U‘)?a l.: 9 JM‘ )5J5A
S mmliaw ool olliws jlsle same 2k o ol ply waadl (ol polae Gl)ls pingn gnds (il 8 Sl 0 b 0gs
ool o9z 5 Bl S 5] s (55l 23l Sz wh S5l (b Sl 00z 50 o5 3500 Gl i Ol
A jae 09 Coll 06l oo Awle Sl 08 g posinagll iz Gl 50 50 pacw b o il 8l g wal eauny
B b gimeg) (o Ol o 1 ol sl (3l Sl alas Sl ceslie (i (e 4 5 995 00 4185 S5 1 (6550 Ll d (lgie
Deds go &S VT g5 g ced slacKiw ol
i 45 ol b Blie slasge US55 (V) Jgazr )0 Y58 5 pocioosll Guizr (528,5 513,0 b s S5l (smmlo (18,8 (205
el oals ools L (V) 5 (F) S5 0

(3 o ) SEAl i I (sl o 2wk il 8 -7 Y Jgo

(ki21 _Wzmizl)"'(

Sge 0l \ Y Y ¥ N £
(AD 15,8 o5lu! YAIF-¥ Y& \Y YVIY-Q Yaveg Y/ fy/gay
(St uils )8 o5l YAIOYS YO/AQ Y#1AAD Ya/vyy \tdING4 TVi6a0

590 Sl b 553 oS 3 5] a8 o il yats 45 315 )5 55,0 YA a5l 5 s (soers il 3 (1) Jpir (3l
Sl dplgst #y Wald 0dudy e (ol j0 a5 0,8 Ly SBI losebl b les o 1A ol e olSiws [ el

o 45 ol e 32 43 (V) 3 () (S8 USE 3 i J3l sl 55 5 5 o by Bl slnsge JSC5 & 4753 L
20 Mo 53,5 oo )13 i Gy e JSb i e 5 line Bpo 5 3, 03l 090 JSE 2 (6535 gt ol i
i 3l o VI ga5 50 0¥g8 ay pgiagll Sl iz i b o Jgl 090 US55 Jlie (6l sl 4z g LB loge JSC5 5l (S
o a5 o)l sl | gl Jlassl Caasalass (F) (gl)ls o5l ol a5 s co ylis gl ooyl 0gdle 098 o aulS o3l IS s
S Slsed a0 7, o L5 o o a5 SBLT g olSiws codly b

A


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 |

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

B: Natural frequency of the system
Total Deformation 2
Type: Total Deformation
Frequency: 36,017 Hz
Unit: m

1/2/2022 4:55 PM

0.74864 Max
0.66546
058228
04991
041591

H 033273
. 0.24935

— 016637
0083183
0 Min

P90 b (il5 B b Lo 390 JS& (@

B: Natural frequency of the system
Total Deformation 4.
Type: Total Deformation
Frequency: 30.76 Hz
Unit: m

1/2/2022 456 PM

0.15474 Max
013755
012036
010316
0085968
0.068775

Pl (b (il 58 b yBLo 090 JSG (0

B: Natural frequency of the system
Total Deformation 6
Type: Total Deformation
Frequency: 47.692 Hz
Unit: m

1/2/2022 4:56 PM

0.27581 Max
024517
021452
018388
015323
012258
0.091938
0.061292

iy st 5 35 Bl 390 S o

B: Natural frequency of the system
Total Deformation 1
Type: Total Deformation
Frequency: 26.604 Hz
Unit: m

1/2/2022 454 PM

0.059327 Max

0052735

= 0046143

0 0039551
0032959

= 0026368
0019776

0013164

g 0.0065919

0Min

J8) el oilS 3 b Bliko 90 JS (il

B: Natural frequency of the system
Total Deformation 3
Type: Total Deformation
Frequency: 37.200 Hz
Unit: m

1/2/2022 4:56 PM

0.7538 Max
0.67004

041878
033502
025127
— 016751

g 0083756
0 Min

s (stoe uil5 3 by Jiliso 390 S (

B: Natural frequency of the system
Total Deformation 5
Type: Total Deformation
Frequency: 47.041 Hz
Unit: m

1/2/2022 456 PM

0.79456 Max
070627

oy, (b il 3 b Bl g0 JSU (g

0l (Al) ol 3 oliiws (rabs (sl pils 8 b JBLcko gladgo # JSUis

Y


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

1031950 39 ol (LI )l ylid sy Jokims! S0 CpmBgn g i 53T

Bt Initial model B: Initial model

Total Deformation 2 Total Deformation 1
Type: Total Defermation Type: Total Deformation
Frequency. 3589 Hz Frequency: 28544 Hz
Unit: m Unitm

1/26/2023 926 PM

0.035245 Max

P 0031329
Vi 0027412
0023496
0.29659 001958
024716 0015664
019773 0011748
01483 00078321
0098864 00039161
0049432 0Min
0 Min

P90 b (il 3 b Lo 390 JS& (@ Jol x5 3 b ybliie 390 JSi (I

B: Initial model B: Initial model

Total Deformation 4 Total Deformation 3
Type: Total Deformation Type: Total Deformation
Frequency: 39.737 Hz Frequency: 36,985 Hz

Unit: m Unitm

1/26/2023 926 1/26/2023 926,
0.091944 044771 M.
0081728 03979
0071512 034822
0.061296 029847
005108 024873
0.040864 019898
0.030648 014924
0020432 0099491
0010216 0049745
0 Min 0 Min

P b 8 L Jlike 390 JSCi (0 po b il 3 b Lo 990 JS (7

B: Initial model Bt Initial model

Total Deformation 6 Total Deformation 5
Type: Total Deformation Type: Total Deformation
Frequency: 47595 Hz Frequency: 46.876 Hz

Unitm Unit:m

020093 M 047299 M
01786 042043
015628 036788
o 031532

026277
011163 U
0.089301 o
0.066976 010511
0.04465 0052554
0022325 o Min
0 Min
i (o> iS58 b Bl 390 S5 (o g, ek il 58 b bl 390 S (g

sl (S) 17 oliws (oamb glapuils )5 L bl (slasge ¥ JSis
ol g0 ggoge ol aS cul il ES i slls Bk g0 ol g Joi] 005 l0aSS G 45 098 oo cdwline Jgl g0 JS o
T2t 30 nl (3 e 50 5 Colly jo ol eS| (ol sl o (el ol B 28,5 alss 18 o) 090 GiRg

)‘ aolﬁ.u.u‘l;‘) J)m]uol.: )lsc\.:.'aﬁu&(‘-ﬁjl}cbs) Jyﬁmbwﬂmﬁ 6@‘)¢LA6)‘AJLB sﬁﬁémﬁw‘w

\al


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

35790 (el oluss 53 1315 oage Al o 055,00 D00t o5 1) o] g0 Siigs g Ladal gy 5 el 50 ise il S
03,055 slaanly b badasl, o 315 e )0 odalogargay (Al )] Judoay a8 o oy 5o (Sl (goseiasl 5T 5l o5l i) o587 5o
Py Og0 JSb e ol 350 il 2l o o aS (g jsbas el ool ol B g CeSh s Sopdis 5 g e 4 5ige Gl
56 0l 5 Sl pow Ceond onimo i o)l g0 S5 Bl o Slredsi 5 gade ploa b g psd 350 JSE lbe cqz 5o 3
pomimeg]l iz 5l ieend pl wlE )15 10 39250 oKiws o a5 ol l5l el 00 lagSS 4 jeige Jlas] Ceond 5 Jowl (SIS
S0 S g 035 St ()] (cagairadl] 003J0aSS 4y Cond oud ooliiusl j5ige (139 4T Sgad iy Ol s el 0uds wisls
195 JStia (538 s 5l A yie (S3meg, GBI oK o3l sl 0¥ g iz Sl ekl 4 g2y nl b el 959 cnl 3T ol
3 il g porty Oge SOl GRalS Sge ISE (nl Co SO eed anelo B a0 S e el g0 50 00 (g s i o0 950 JSI
& oz o0 JSb aalsl yo g Jaresl b g 5590 (59 Olew 5150 a5 ABloe Cosl) 5 o ol 25 > losal) alo @y LS e
Pyadr Jaippl 00 I0aS5 o5l 4y bgyje a5 Jol w90 JS3 4 By mghy cul jo YU jo ead plo ke 4y azxgil ol ool
IS b bl S8 s 5 Slols )] asls @ ax g5 b olg oo gaimes (0 0l salgs ax gl il o oliws sloe LS S
slal b avglae ;o a5 00,5 o i Sl )l Slasein dggs 45 jorie 0Ys8 i a5 0,5 Lo (5155 ol o ool al )] slasge
o3l (12 Vg 5B e ilate (55l Ko 5 pariagll SLITL anlin 50 adglosle atye (ulil 5 0095 azgs LB Los oo
olal 35 a5 Sl jalyz 5 YT 55« iand Sl Kins ez VI el 052 cyal b 0,5 0l syl s (G308, L3y oK
50 a5 9 oolaiwl o3l iz lgieds 0Yed i 31U 00 5 oo Slpiien Sl Jloye5 0 oYL Slews Conl sl sl ol Es s
3 oo il )5 bl ey ol Gl oy g 00,5 oo Slils )l aisls malS 4y i paaies]] iz b anslis

sl 0 plool 6 jrngy bly5 o 03l (gl latls SY5d iz 58,5 i o b ST gla Ll olad egy050!

obw (Flalai )l 58, p Japml (858 G0 ydd geliiyl J1 -F-F
ua.?:.m.o 8[&))| s_i) 3o JM‘ ‘)L.» » as UBLQJ U"‘ L» Cs] 00 )‘)i: )l.: CRNS o )L.Js.o J.A.:T)B ‘Ms).: )‘ Comnd U“‘ BN
oS )l gl oadl 5 Sglaie Celbrs b glaskad U el Lo L e j0 S canleals 58 (oo ledy ceaul ool oals 1,3
Alie Glaoge S 5 pians crls la iS85 ol ooy 1,85 Slinkes )| Judos oy T3l ms 0l aalg3 75 58 50 51 Jaroe! glis )|
el il 6,5 glas | 5150 o5l Slakes ) HL8, &l e 4 obcuws Ban > e ol jo (IS jsbas sl cassas oyl L
OB ashad cuolbes (g S 3L L el S glad )] o 55l 5o Jaimnl (655 )18 oo sl asine L8 (idu j0 a5 jsbjlen
g Sl g0 e 00 el ) g ogls )18 e glarl o SYL G Japwl a5 el Gley gy 0590 DY 51 SOl bl seil o0y
&Lm)| ] OMQS“’))" JM‘ Lg).f‘)ﬁ éLQJ)‘ U‘M o> @”U‘(S’” olKwo O)Lv.} ‘5’.._,..]0 UW-’LYJ-B U‘H ‘(A) Jiw L
odl b dlael eyl bl ayls 103 elas )l o 5 opuly o Jaswl s Vo glasl g oyls jI8 akass - 5YL o Jawl a5 caslins (poy yo0

Sl oy Sl 558, ey 5 U slainl, o IS Jsb & 45l o8 05 o (2 5 50 ) Sk €185 51

—0—Height of spindle: 1 —A—Height of spindle: 0.5 —O—Height of spindle: 0

50
16
42
38

34

Frequency [Hz]

30

26

1 2 3 4 5 6
Natural frequency No.

Jobouwl (6 35158 &5 5] Ol gk s> 3 SV 98 (pir I (ol o ol 03w (rado (pilS 58 Ol ks A IS
£t


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

1031950 39 ol (LI )l ylid sy Jokims! S0 CpmBgn g i 53T

S8 g awdsai &) o5le (raeb (iS850 (6 S i Dl (ol £l )] S b ecenl aseie (A) S0 5 aST jebolan

aS asly SoeS ).ula Joinl olas )| Ol s a8 ol jasin o)l 050 S5 0 Laid L0gd sod ol Slim ]y 55 boge

42 95b oonlpls 235800 T sl (FAS (oS I Josrsl (58, YL b g anl @3B 0051055 3l a8 Sl Joinsl (59 42 Loy e

3 Blas ol cole)l L8 1 (6,5 et )...i. Joinl 5, Ol yis a5 0903 Lo Olgi ool ol 0 ol sy ol 4
.Q)Lb' ‘o)’L..u GI.A.JQ u,wlfjs u?u

el el ul golod ;9.0 25 (o0 51,8 (6)LS (sl s 5l (g0 ,0 alold G 5o Jonpal b 2 o058 (e S Sl o 2 12

5% Sl 5lasl a8 S 15 axg 090 55 ojle (55, 2 Jkml 039 STE 000 1) (Sew Sl ip 508 e 4 Conad Jiin]

yols Jdow &g A5 ES o 500 Cens 4,1 G Ces SO 31 il U cisl 03 oSy Job lyls Sasdad b 3l 6l

Joiel 8 e 5 ey T 05l (gl 9Y58 (28,5 a3 j0 b (55009 (sislism oRs ol (a8 s
sl 00 00l UL.M.: “) JS.M; o

#—Left-side —O—Right-side Mid-side

70
60
50

40

Frequency [Hz]

30 -

20

1 2 3 4 5 6
Natural frequency No.

Jopl (Sl K0yt o 3 Slois b 0¥ g8 i 31 (ol o oS 03l (b (WlS 58 Ol i -1 S

I sl 5 o Gl oS 35 i o] (e 4855 3l gl s ol 4 (R) S 4 a5
s )5 ol Byl 5o 55 Jatepl 85 loj T b Uik ases olS 3 tcd 3509 45l b 05 o g I3l 5 (onel
500 9990 oyl o S 3 a5 008 oo cndlive e Syl 13 IS e Jawg yo Jasowl oS cenl Sy 5l 5 e VYO sl
Jol5 ol fdoas pl g sl LSS Mals’ S 18 Ca o 465 b g Sl Ceos aligS o Jauwl a5 Sl gl eoge
p3Y oS oy Gl )3 &S pl 4 Az gl Bbioe leaned S5 g Siledae Cono I (S a5 wlloe 0508 5 (9 comiin
Joisl 590 (il 8 03 (Byb 5l g ABL Seo3 piees (b SlalE 8 51 (o (BB g a5V 0o B S o8 iS5 B
orerks o ilS 5 g sl s p0 VU Crand npeb gl ulS 3 ol s 3,8 150 iz S 50 5 YU ey oad solical
FY-YA a4 Gy YA-FA) (L8 Cond )0 o0l ol (cwdlS 3 03L a5 000 )5 adeine Judow ol 5l o il cod jlu a4yl

2105 092y LAl ats eayay el 09294 ISl S ol cnl 50 inlplis 1S o s

SrSams -V

Jolos golrian Gl (5l g 0gd asloy o SLal )l LS, » el ow ojle iz jadd Sl sy 4 Glegh (ol o
Josepl Glacasdsn Jl gy dy gom Als 1o ;0 060 0 oliS e ol oliws iz (gl Sl (s yigo Vg8 o ‘nﬁ.;..,.ajﬂ
Hlaslo,be iogh ol oo jgbaws pal dLiwly (pl 10 .00 5 o gy oo 0l )]

o


https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

8 552 FAYA o3l p adsl sl 55 (oo o5l (sl Y58 5 panteagl] iz 99 2 (58,5 a0 50 b s (a5 5
a5 0,5 o (BB liebl b les o 1) il co oSiws jo colaiul 090 Jotwl b jgige (uilS )8 5l 545 L Sl aS ol
Sl delgz 75 0 dild odsdy iyl

iz Sl 9Y58 g pouieagll iz 99 52 (52,5 A 50 b s 5l sk (853 25 b Bl 0ad gl Sl glaoge JSC
o3la b el fige v g a3 g (ilwSow l el (b sl el (ooled (5235 Sla3 jo b aS by (las (g5land gl il oo ojbe
Slgnns pguingd | i b duslie ;0 a8 |y> 0l oY g8 iz 51 Slyalen g YT ,505 0 ciond sloKins pguass (6 jueg, Lol olKiws
] Sl )| Corn 0 (6 g 0ausS

Slaoge JSB g 05l (rrb (iS85S et Ot (L)) Sliwly 5o Juial Caxse i a5 ol (LS (g iliand s
2915 8 Sl ol (53 4 bogipo oS 418l ooz 390 JS5 5 (SzsS l Juial i) i 0 5 0l lag T L Jblise
Bedor S gl (SAS ko3 g b alS esuay I Jareel 558, YL b g Cenl @3 005 eSS

oibe Jol ok (558 d 50 a5 sl oa ools (i ojle (oamle (W52 Jaie] (Sl B et ST Gle o 0
(i Og0 j0 A ol U oS se oy (ial38l 50 ol S8 ando Sl )8 0 lels o158 L aSy 09l el ol (6 S AeS e
aS el Gloy 5l 55 LY0 wll ails 18 o5l Bl g0y Jupwl a5 gl oL bl b il )3 a5 0ed o cumlin
O (5, YA-FA) L3 caad o oadoly (oS )8 03L a5 0o )T asrie Judow cpl 5l iz 0400 )13 )15 e Jawg jo Jaul
S, 0929 FLilad | wais eauyy Oelogzgdn el 55 Wojb ol 5o ool plis S oo s YA-FY

&=y

[1]Rao,v.d.p., Ali, S.R. M, Ali, S. M. S. & Geethika, V. N. .Multi-objective optimization of cutting parameters
in CNC turning of stainless steel 304 with TiAIN nano coated tool. Materials Today: Proceedings, (2018),
5(12), 25789-25797. https://doi.org/10.1016/j.matpr.2018.06.571

[2] Rao, V. D. P., Harsha, N., Ram, N. R. & Geethika, V. N., Optimization of cutting parameters in CNC turning
of stainless steel 304 with TiAIN nano coated carbide cutting tool. In IOP Conference Series: Materials
Science and Engineering, (2018), 310(1), 012109. https://doi.org/10.1088/1757-899X/310/1/012109

[3] Santhakumar, J. Ighal, U. M. & Prakash, M., Taguchi-Grey Relational Based Multi-Response Optimization
on the Performance of Tool Coating Thickness in Pocket Milling. Materials Today: Proceedings, (2018),
5(5), 1342213428. https://doi.org/10.1016/j.matpr.2018.02.336

[4] Gu, J., Agapiou, J. S. & Kurgin, S., CNC machine tool work offset error compensation method. Journal of
Manufacturing Systems, (2015), 37, 576585. https://doi.org/10.1016/j.matpr.2018.02.336

[5] Barbosa, M., Silva, F. J. G., Pimentel, C. & Gouveia, R. M., A novel concept of CNC machining center
automatic feeder. Procedia Manufacturing, (2018), 17, 952959.
https://doi.org/10.1016/j.promfg.2018.10.111

[6] Boral, S. & Chakraborty, S., Failure analysis of CNC machines due to human errors: An integrated IT2F-
MCDM-based FMEA approach. Engineering Failure Analysis, (2021), 130, 105768.
https://doi.org/10.1016/j.engfailanal.2021.105768

[7] Brillinger, M., Wuwer, M., Hadi, M. A. & Haas, F., Energy prediction for CNC machining with machine
learning. CIRP Journal of Manufacturing Science and Technology, (2021), 35, 715723.
https://doi.org/10.1016/j.cirpj.2021.07.014

\f2


https://doi.org/10.1016/j.matpr.2018.06.571
https://doi.org/10.1088/1757-899X/310/1/012109
https://doi.org/10.1016/j.matpr.2018.02.336
https://doi.org/10.1016/j.matpr.2018.02.336
https://doi.org/10.1016/j.promfg.2018.10.111
https://doi.org/10.1016/j.engfailanal.2021.105768
https://doi.org/10.1016/j.cirpj.2021.07.014
https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

(103199 353 oBwd (LB ) Jd 3 Skl (S0 CarrBgn g x5

[8] Xiao, Y., Jiang, Z., Gu, Q., Yan, W. & Wang, R., A novel approach to CNC machining center processing
parameters optimization considering energy-saving and low-cost. Journal of Manufacturing Systems,
(2021), 59, 535548. https://doi.org/10.1016/j.jmsy.2021.03.023

[9] Kashyzadeh, K. R. & Ostad-Ahmad-Ghorabi, M. J., Study of Chatter Analysis in turning tool and control
methods—A Review. International Journal of Emerging Technology and Advanced Engineering, (2012),
2(4),15.https://www.researchgate.net/publication/235952595 Study of Chatter Analysis_in_Turning_
Tool_and_Control_Methods - A Review

[10] Zhang, X. Pan, T. Ma, A. & Zhao, W., High efficiency orientated milling parameter optimization with tool
wear monitoring in roughing operation. Mechanical Systems and Signal Processing, (2022), 165, 108394.
https://doi.org/10.1016/j.ymssp.2021.108394

[11] Liu, T., Deng, Z., Luo, C., Li, Z., Lv, L. & Zhuo, R., Chatter detection in camshaft high-speed grinding
process based on VMD parametric optimization. Measurement, (2022), 187, 110133.
https://doi.org/10.1016/j.measurement.2021.110133

[12] Mdller, C., Schmidt, H. C., Koch, P., Bohlmann, C., Kothe, S. M., Wollnack, J. & Hintze, W., Machining
of large scaled CFRP-Parts with mobile CNC -based robotic system in aerospace industry. Procedia
manufacturing, (2017), 14, 1729. https://doi.org/10.1016/j.promfg.2017.11.003

[13] Rogov, V. A. & Siamak, G., Optimization of surface roughness and vibration in turning of aluminum alloy
AA2024 using taguchi technique. International Journal of Mechanical and Mechatronics
Engineering,(2013),7(11),23302339,https://www.academia.edu/7584313/Optimization_of Surface_Rou
ghness_and_Vibration_in_Turning_of Aluminum_Alloy_AA2024 Using_Taguchi_Technique

[14] Ghorbani, S., Kopilov, V. V., Polushin, N. I. & Rogov, V. A., Experimental and analytical research on
relationship between tool life and vibration in cutting process. Archives of Civil and Mechanical
Engineering, (2018), 18(3), 844862. https://doi.org/10.1016/j.acme.2018.01.007

[15] Ghorbani, S., Rogov, V. A., Carluccio, A. & Belov, P. S., The effect of composite boring bars on vibration
in machining process. The International Journal of Advanced Manufacturing Technology, (2019), 105(1),
11571174. https://doi.org/10.1007/s00170-019-04298-6

[16] Lapsomthop, W., Wongsirirax, N. & Sawangsri, W., Design and experimental investigation on 3-
component force sensor in mini CNC milling machine. Materials Today: Proceedings, (2019), 17,
19311938. https://doi.org/10.1016/j.matpr.2019.06.232

[17] Liu, Y., Wu, B., Luo, M. & Zhang,M., Modeling and Cutting Path Optimization of Shallow Shell
Considering its Varying Dynamics During Machining, Procedia CIRP, (2015), 31, 521526.
https://doi.org/10.1016/j.procir.2015.03.059

[18] Xiao, W., Xu, Z., Bian, H. & Li, Z., Lightweight heavy-duty CNC horizontal lathe based on particle
damping materials. Mechanical Systems and Signal Processing, (2021), 147, 107127.
https://doi.org/10.1016/j.ymssp.2020.107127

[19] Al-Naggar, Y.M., Jamil, N., Hassan, M. F. & Yusoff,A.R., Condition monitoring based on loT for
predictive  maintenance of CNC machines, Procedia CIR, .(2021), 102 ,314318.
https://doi.org/10.1016/j.procir.2021.09.054

A


https://doi.org/10.1016/j.jmsy.2021.03.023
https://www.researchgate.net/publication/235952595_Study_of_Chatter_Analysis_in_Turning_Tool_and_Control_Methods_-_A_Review
https://www.researchgate.net/publication/235952595_Study_of_Chatter_Analysis_in_Turning_Tool_and_Control_Methods_-_A_Review
https://doi.org/10.1016/j.ymssp.2021.108394
https://doi.org/10.1016/j.measurement.2021.110133
https://doi.org/10.1016/j.promfg.2017.11.003
https://www.academia.edu/7584313/Optimization_of_Surface_Roughness_and_Vibration_in_Turning_of_Aluminum_Alloy_AA2024_Using_Taguchi_Technique
https://www.academia.edu/7584313/Optimization_of_Surface_Roughness_and_Vibration_in_Turning_of_Aluminum_Alloy_AA2024_Using_Taguchi_Technique
https://doi.org/10.1016/j.acme.2018.01.007
https://doi.org/10.1007/s00170-019-04298-6
https://doi.org/10.1016/j.matpr.2019.06.232
https://doi.org/10.1016/j.procir.2015.03.059
https://doi.org/10.1016/j.ymssp.2020.107127
https://doi.org/10.1016/j.procir.2021.09.054
https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

XY-FA oo AP Jlo o o,leis) Vo, 90 (JEED) 6551 Jow &g yid s dozmodumw 5 L0y (gumol cibran (ST Sumro alf x>

[20] Kumar, R., Jain, A., Jain, R., Comparative structural analysis of CNC milling machine bed using Al-
SIC/graphite, al alloy and Al-SIC composite material, Materials Today: (2021), 51(1), 735741.(Cover
date: 2022). https://doi.org/10.1016/j.matpr.2021.06.219

[21] Demir, A., Birinci, B. U., & Ozturk, H., Determination of the surface characteristics of medium density
fibreboard processed with CNC machine and optimisation of CNC process parameters by using artificial
neural network, CIRP Journal of Manufacturing Science and Technology, (2021), 35, 929-942.
https://doi.org/10.1016/j.cirpj.2021.10.005

[22] MOU, W., ZHU, S., Giang, Z., & Song, G., Vibration signal-based chatter identification for milling of
thin-walled  structure. Chinese  Journal of  Aeronautics, (2022), 35(1), 204-
214 .https://doi.org/10.1016/j.cja.2020.09.029

[23] Kim, J., Hegde, H., Kim, H. Y., & Lee, C.B., Spindle vibration mitigation utilizing additively manufactured
auxetic ~ materials.  Journal ~of  Manufacturing  Processes,  (2022), 73, 633-641.
https://doi.org/10.1016/j.jmapro.2021.11.051

[24] Revanasiddesh, B. V., Taj, A. P., Kumar, N. S. N., & Suesh, B. S., Extraction of modal parameters of CNC
lathe bed using finite element and experimental method, Materials Today: Proceedings, (2020), 24(2),
398-405. https://doi.org/10.1016/j.matpr.2020.04.291

A


https://doi.org/10.1016/j.matpr.2021.06.219
https://doi.org/10.1016/j.cirpj.2021.10.005
https://doi.org/10.1016/j.cja.2020.09.029
https://doi.org/10.1016/j.jmapro.2021.11.051
https://doi.org/10.1016/j.matpr.2020.04.291
https://jeed.dezful.iau.ir/article-1-530-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

(103199 353 0w (LB Hd 1 Skl (S0 CarrBgn g i 5T

The effect of material and location of the spindle on the vibration behavior of
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Abstract

In this article, The natural frequency of the system was calculated based on the location of the height
and lateral location of the spindle, and by changing the structure of the structure, the best form was
introduced to reduce unwanted vibrations. The natural frequency is in the range of 28-48, which is much
lower than the frequency of the motor or the spindle, it can be confidently stated that the phenomenon
of resonance will not occur. Based on the shape of the extracted modes corresponding to the first six
natural frequencies of the system, considering both aluminum and steel for the structure of the device,
it has been investigated. The simulation results showed that changing the position of the spindle in the
direction of height does not have significant changes on the natural frequency of the structure and the
shape of the modes corresponding to them. In changing the lateral position of the spindle in the sixth
mode, it was observed that the natural frequency corresponding to when the spindle is located on both
sides of the structure is 25% higher than when the spindle is located in the middle of the work table. It
was also found from this analysis that the frequency range mentioned in the previous part (48-28 Hz)
has changed to 63-28 Hz.
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