[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5]

[ DOI: 10.22034/mme.23.10.209 ]

ISSN: 2476-6909; Modares Mechanical Engineering. Proceedings of 3rd Iranian National Conference on Advanced
Machining and Machine Tools (CAMMT). 2023;23(10):209-221.

\ Analysis and Modeling of Damage and Crack

N Growth in  Composite Workpieces under
Machining Process wusing the Bond-Based
Peridynamic Theory

ARTICLE INFO ABSTRACT

Authors Analyzing and modeling damage and crack growth in bodies and structures is one of the
RaSh.mehka“m-Rl , important issues in designing methods to prevent crack growth or stop it in order to avoid
Jafari M.2 sudden fracture and increase the lifetime of structures. Extensive research has been
Heidari M.2

performed in the field of modeling fracture, crack growth, and damage in bodies and
! Faculty of Mechanical Engineering, structures. However, there are still many problems in modeling crack growth and damage
Shahrood University of Technology, in hodies with points of singularity and discontinuities. In recent years, a new theory
fh::zs&s I:?“Mechamcal Engineering called peridynamic has been proposed to model and analyze such problems. The
Shahrood University of Technology: formulation framework of peridynamic theory is based on integral equations. In addition,
Shahrood, Iran points of singularity and discontinuities and damage in the body and modeling them are
2 Faculty of Mechanical Engineering, another type of deformation and part of the structural equations of this theory. As a result,
Shahrood University of Technology, the peridynamic theory is used directly, without the need for additional relations to model
Shahrood, Iran crack growth in problems involving points of singularity and discontinuities. In this paper,
* Correspondence a bond-based peridynamic modeling for unidirectional carbon fiber reinforced polymer
‘ggd;fesz:rin Fascl‘]‘;tﬁ’mo;f Unx:::i:“icsi material(UDCFRP) orthogonal cutting process is proposed, and the corresponding
Tefhnolog }f‘ Shahrood, ylran composite material bond failure criterion is also investigated for better revealing the
rezarashmehkarim321@yahoo.com machining mechanism of UD-CFRP machining. From comparing between simulation and

How to cite this article experimental results, it can be indicated that the peridynamic modeling is capable for

RISy predicting the chip formation and surface crack and damages in UD-CFRP machining.
Analysis and modeling of damage and
crack  growth in composite
workpieces under machining process

using the bond-based peridynamic
theory. Proceedings of 3rd Iranian
National Conference on Advanced
Machining and Machine Tools
(CAMMT). 2023;23(10):209-221.

Keywords: Surface damage, Crack, CFRP Composite, Peridynamic Theory

4o sl sleoudle s 6)8uwile Glo Luilals puesw wYlie degazo aoli ohig «puyie lilfe uaige ol dolinle
PP-Yed dmio e ojlad P 593 EeY o

‘\
e - o . . N
o (i3 90lS jSdmhad 53 Sy Ay § ol (gilwdse o Julx ‘ “

4 Ligay 3 il Saolitlagyn (695 5l eslaiwl by (6,5 il ail s

oS> dlio wlakin
393 b g Sy by (5xSol> (slagbsy Lohb sl e Blge | o b o3l 5 pluz 53 ool 5 S5 by 09 (53l ve 3 Jalx Lnosiugi
$3ledse inej 53 slonyinS wilising (i B adbie ojlw poe (Ral3l 4zt 55 5 (HUSU cusd £985 51 6 xSsle cuz of NS ded; Loy
53 (53bj @Ste jeim Lamgdy ol 3523 b uel 48,5 90 (o Simgdy bawgi il 3 el )3 ool 5 S5 Ay S TGshaz saze
3032 hai bl glalo )3 313 3929 AiBlie o Siwgnl g Syite blis hls o olu! 5 el 5 Sy 3y (55l 0o 4 T e
Solialsis 0 (655 (su300d wszl sl o il Glue iz a5 (53l Jae sl Sualialsm(s (555 plyis wos Ree sl (Sl (usige oSty !
5l )igs 59 oleie @ LmuT Silwdae g pu 53 ol 9 Lm(_,iug,ub yaie blas pizen A3 0 (_,Jl)iﬁl @¥sles Gulel y ol 39,0l 39,000
W3l o9 s s sohy Snolilas (55955 5 5o it 53 3Bl o (6388 ol 3Ll w¥slee jl iz 5SS s T s Sl uaige okl !

A ¢ s 2 2 il i o (Sl 5 s B ol o Gl 2 55508 ilofse i bl &Li)f' ‘°9f“"“ﬁz§"*‘
g2 S5 SLJI b o sl VST (5 pouly Gijonsls S anhs )3 ol (s3ludhe 5 o 53 Sigas 1 (e Saelinlais s (53555 TR | TWWL: L
ol 5anld 5ald

i a3 4255 L sl o 48, 18 dulie Syse uyiass 3 alie 2l b Ghagly ol 1 Jol> s 5 caslord aiblay ou,S R R
. o ” . . . - . o s . vl Sacigh #
o g 318 LSS balgy s 5L (9509 9 slemeyd sl 90 5 asBe Saelialas s (65955 45 38l ¢lsie Lieedy ol 5l Jeol> s Sl ~d,“r;;| " :
35 ol Olsoe owian Bl oS BN b osd sl (s pealy iujorelS ks ;5 sl 5 cowl (Syi by (55l g A

ol o o | ) , . (5 us N " T . B LI Olyl 39,0l g 0l isiue
bl Skl gl sl g9 5 ol 53 ead slaul Sy sy 5 ool (Rl 30 I g0 (SjeselS SIS Ak j SL ez «S rezarashmehkarim321@yahoo.com
31y ) pile ail,8

Srolizl3s 2 (5955 S Sl by oA argis (6 yealy ajppals Sy e sl slmoflgils


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

hlSen g piiS ety Loy Ve

el 5 e cilize bl 3 o iy g ol s s 3
Ge55m (5113 &5 ool g pluwml )3 1y ol Saolios o o
OLS g5lwdse 3 Jals At o Siwgnl  Syite bl
5 ISl @¥slae by 5 Soolilsis s (5598 30
5 LS gl Syiie bl A dlie (oldlyiys — ISl
@ Seelislss i 69 50 o o (55lwdse 5 el ;3 ol
3 G5z g oa ais)S i ) Sy 51 ,S0s gl plsie
(62955 53,503 e .43l oo (6358 ol oLl dlslse
Helas s b aleale oS o 51 GBS (s Srelinly s
3929 (6 5lad (il diwgli dhds ol )y lls wlii de
sl aillaz Jlmo ayyed 43500 (6598 ol 55 iomen 3l
9 ey (5310l (s ALz by ) (S g9,
5 eSy> w¥also 5o L(ao.\,g.&,g ol ‘aLa.'ig S Sy g
(55953 Ao )3 390 i8S H1a3 5 oL (gl L w¥lae
bilgy a5l e g paio jahy Llgie Selizlag
oS Bl 5 Sy sy e (g5l e g (oluaSS
alieo L;Lmuf.\_wg,ub g Mydie blEi glyls laejlw g ‘QL_AM?|
potde L Saelialss (6595 @w¥slae 139, 50 ci—blie
s 6l (8) g8l > a5 alie alols G 55 (S wou
oo A1 slag 51 Jae G pulsl 5 aly oy
(@y3) (s3lo bES 4l 3> &S Wgud (20 s gz 53 39290 wyd
IS 50 Ylg g e g S35 (glalold 5> el o job
&2 bl 1 @liole Sl Sl (5,555 &S o)
ol Jlgiul 4xud)d ol y1 g 3bbise puz S > gy
23 0)3 93 45 it woled (Slg yud (SIS (slovg i pled oS
b A5 e 3ylg oo 5 (gle 63 93) SoaSu 5l a0 al ol
S SilSe ka5 930 coaaiiS Cllae 43 4> g3
53 91 sleds 4y Saalinl s s (5,955 51 ol wdl> ) el aal>
4 Seelizlas i (5595 53 (8) @8l bs jlade a5 il (g8lg
Sl a4y Saolials (s (55955 «(8 = 0) A5 o yoio

3950 1Sed wlisls SwdS
wilide Plwe 595 5305 sle Glaghy w2l gladlw 5
S8y lge Sl )8y ol dine; 53 SWilSe (—wiige
TOS oY gSng Hlid D Sty Jlid) (Malge Ghaiyue
S 9 Syi My ol ($5lodae g MV Seele s,
IO PTER ST Solialsg s (55955 51 ealasiawl b ol 53
2 Ul 093 Oy Vs S 5 Sl (Jlio lgic 4.
GSelind Plavo 31 = sl 1) Solinlag sy anybas auly
0ol 53 1o ol (pizean 305505 4l 139,00 515 44 (63955 0l 3
Gt 3o 1y Sarelials(s i (3555 @By 5 g)laly (Lieg
dse 53 1 (6395 0l sbaSig ladlio G b g 0313 )13
33l lid (Solius 3y oS §d Sy 3y ¢ cuwl (g5l
B 58 53 Jeae Solins 45 55 Salils (53 (53955 sh=!
25 53 Salinlag 5y 4l (g5l o3l e 5 Mgy ol (o
slagimgis ;30 51 GidlSem 5 Siplews bawgs O usad ,153)
VooV Jlo 53 aiibire Sealinlagg s daphal divej 5> oadd ol
&) 9 Saelialsg s an,ai dswogi b Ml Sem g Sl
»l ;fh‘{.aLifgbLs),‘g 89 La:OT ..\.3;L'>|J),3 C)T sy cudgi=e
PN Jie dw s (o3l wilyd)y (g3le blai (1o (59585 (wlwl
9 0 53 45 el Suelialsisr (6395 (sl oo 33,8

VFoY 540 Ao gylad P¥ 0590

doddo -

o calizee (sloojlu 35 Sy by § cwsl (55w de g Jud=i
Jods 4 e ol ol S SlSe pge Jlus Sl
e jl ol 5 plual 13 LS ks g58s 5l (6555l
G5 > J3US g G Gl b 3dlie 510955 Y b
23 sl 5 Sy calan g ol ;5 Sy g o GhyiS g Ay
SH g ol Gy 5l @le plsi o el Giie S gl
b o3l e (ali8l azma 53 g shisyg0 ol ums >lgi 4
il dinej 53 (6315 Loyl o wiellas p3l slaJlu 5
@ ool 5 plu! )5 casd 9 S5 1) (ol (g5ledse
Lojluw g pluzl 15 Sy Ay e 35S 9 Gpier poges
J ol gt lisle 5 150 alie buld wod
S loghsy 5 sygid SIS jehy cwlaid)S 3 ¢ Sdags
9 Sl (glode 9 Julod ez ol Sigly g 9SG
‘o..\.m.:u Lwd 9> U o oalatwl Lmo)b.u 9 ﬁLm>| 2 J)A J.J.’J)
Sl (53555 Lo 31 2l e g Lo hg, gl A 439 (0
A g (wliels Sle Sl (6550) diwg sloluza
& 2bbie Jege Sualiny (5,55 bl 31 (2ol g
-0 ojlo g pluxt 5 S5 iy 9 ol (3l g Julo
G3adserd polal pailae oS jshiles (Jle plgie 4 aiily
wYsleo uul.u.ﬂ P Dlwgy L;Lmh..g.m Sl SI9 UJab)
oobol oS ladse 5 oy palplis (adlise e wlitie
soby Algied widlie diwgy slabime Sl (5565
sy bl (shyls 5 aluml (s3lose 5 Julsd (gl paiine
S s bl glise b g pa s )3 (Siwgnli g
el gz (SLal g (oSS slajlime g alg 4 5L 5 )
G955 Sbae 31 lagby) »3 - yls Glilue puiz g5ledse s
23 el 9 S Ay (3l dse ez wlialy Sl Slse
L.;‘)'.' 4539“(_,.@ oslaiwl 9 390 (5|)>| U”9))| uJ.cl ‘OL/.MP'
pasdie ol 8y o 9 Sy adgl oo b gy ol 31 eslaiiul
Oho £95 4 lagby; ool 23d (Situaly czge ol ol &5 180
Slise 3 &5 oo g logbs; puized 33850 o At 5
Silwde 9 Julodi dinej 53 9 Jblise (JsNge Solins (59
oo &8lg 55 adlige Gl g Lok pwlide o9 Sz
Sl 33 (g 3lgize GJeSlse Suelins (3555 &5 sk
ASle G B3 ol 5 plul =8lg slal 51 xS
oligS sl 39,50 410 laJae )3 oS Giloj wliie (pizeen
Saelias (6,958 Lo p &5 (o) 53 ol 5 plu )
—dd 55 0bj b Sl 551 adbise Jsse
) 3980] aamlg 3 45 3g4 50 oslaiwl lag e
ool ol die) 53 ps—iye slahy) slacasgame
9 dydin blas st') 6‘.50)'[_/» 9 ﬁl_w.?l)s J)J .‘._z.ﬁ) 9 Con S
slasilas (b Yeor Jlo ys Sinkeas B 18 (glopSil (Siaogals
6l sl (5555 (g3 30sd uighily plyie wexd
olgie e (gaudm auylai oy il glagyd g La:u_i:.__qub
S g9 (95 4 KI5 45 A5 Ol 1 Sealilais g (555

by Sl Slopadle 9 (55 Spadle o GuibiiS (ruaga cWlie degazue dolishis uyte Silse (uiign seale wliale


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

m 4..)|SM)JJ)3M)5 WT&)MJMQM

ilize sloojluw g pluz! ) ol s S 4ty g5l
slapigs 5503 5l (sl 5,160 § 3,555 sy 5l L
T _ale Saelinlss s (6585 dinej )3 03 gl
cojgaals 53 coml (g5ludie 4 VSlsn 5 gl digad lgie
Ay Saolinla s (6,95 5 oalasiuwl by dypud el Vi
wemi ddgl Sy gl s S ey TghlSes 5 g
Saolinlsis (6595 31 oslisul Ly sl alails auw e (5,184
85 3l ealaiwl b MV ablS g (g 28T 23313 H8 s 3530
w85 gl 3 Sy ey (g5l se 4 Seelialas
a8 ey Sy e I gy ool )3 LT ailay aiys
B Gy 390 0l 5> S35 by o9y |y 4l ez g 045

.A3als
4258 30 pil gladlw 3 45 ladiae | Ko S
3 S5 iy (g3lwae 5 Julzd vl 8318 ol Simgl
Saolizlas s 6935 5 exlastanl by (5520l (slovejlas 53 casas
Sl eslisal LM glSan 5 55 (Jle plgie 4 MTVAEbe
doxio 3 Sy Ll g ol (53l be 4 Sualialsis sy (6395
9 90 AiiSlay day B edasy el Sy Llew s Giujeaels
4 Saalinlaig sy (65955 31 ealaianl b gy b (T e
A S 90l dxio 5> Syi ady (g5l e g Jul=s
3850 Ghgdy ol )3 gl iz lay o Spe 55 S35 Gy il
Olise 9 RjapelS dxio 53 Ll ey e (nleyially
23 S5l g sy (S8 0 1y panz g leel (15 s
9 G2l aisls )3 iy 350 HAIN90 SjelS amd o
wigl b s Mhles 5 pliwl paizan 9 TV San
A3y Sag ighyl dge )3 el § Sy Ay oy 0 (e
slecajsels )3 cawl (g5lawdss PSan 5 5I55)0s
6595 51 oslasul Ly (lamiil (5,li5)L i a¥asiz
b ohlSen g Siz aisls 18wy 390 b Saslislags
390 )3 S 5 Syl (sluede 4 TV gla g
(65553 31 ealii ol b )T 0 e Jalse iy 5 G2li 2500
05 g3 33 OVl )Kas g uisle a1y Saelislys
b 4y iz jopelS ambe )3 Sy addy (il dae 5 e 4
o 4B lay Solials(g (5,955 51 ealasiwl by (Gimie BLJI
Ui 53 sl s 53 lodio dihl 51 (e callie eyl 53 ol
Saebialas g 695 3 S lalgy 5 Js—ol By 40 090
oab (8ye (53¢ (sl lie pgun w43 g canloadds dislsy
23 ealed ) ecwlosd aislay logl (glwso g Jul=iay g
ol abgus aled rSdouii 5 saigez 3T Gy

ol ol

Sarolizlais s 55955 -¥

sole blaS (6505 sl slawti 5 Seliala (s 2 (5395 53 ez y2
ol 31 S e gloj 5l abid jo 55 &S ol el JuSaS (@hd)
«Saoliala(g 5 (395 wdlige ol casge ghls ol blis
L azgi bl ol )3 Sy Ay 9 ol g g JSUbpuasi g Sy
s3lo b I (g ke b xgoy (ole ahais o Jolsi g Jilio )il
(j=123,..,0) xgy slo ewz 3l Ko Glaisl (wl)d)
@il 5l golad o Sl daid 5> S50 (siledse g Sl

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

adags 93 C)T d_.«ols b le_’i_wb)) Ls)Lo adags 9 A.\g,u
ole b 1S5 lse slasissy 5l Jiie 3 li350 55l
g9 el e Saolinld (g (555 g Jao a—blise
O S 59558 010 & el (gase g9 line —dl>) sl
diwoly g (g3lo ahaids g3 (ol Juolg b3 (sbiwly )3 (s3le dhadi g
695 spgw Ao 2blise (s3le blES K03 ol slasigy 4
g9 Lo —edle) 095 g9 edls p it Solialag
B-PN L_;bLaa.L:.b'jsé O Pg ngx;é.fo_d (el __ao
blis 505 plae slasign 4 diualy 5 25l Wlgie (liwl
Sy s5lwdse 4 lapiagh b oke g o sibie sabe
Ay 0923 1 Fige Jelge Jalod g (Sarelins 35 Sl g Sy
.(m“i).s.l.’i_&b)...g g%ﬁ‘.lﬁl)éﬁ 95 31 ealaiwl b > 5D Syi
iy s5lwdre g Julod zulis dunlio 4 Vol Sen 5 515ST
oy 31 deole i b 1y Solilags o (65955 31 ealisl b S5
ey ediwe 4l glaJse g 4Bl dewgi sgame glol
ey o el o151 S Giasss ol Jools b
b ol palys Loy La gy pladi 53 Sy adly (gl oadd dpanlo
Glirz 5 Sy glepue cowsd Gpia Jb o
20 wlaalde 43 Saelils(s 698 bwgi ol i
5 5 £95d sy by MolylSen 5 Sk sl 53y
o 553l LS T 98,8 @il SVl o s o Gijals>
03l 33 Sl (il el bl 4 5L Lo Sy sy (s
g slog (S Job s 355 g0 55 sy ol i
5 55 A 5lie e oxins i3 gole blis plee
Sl oslaiawl b S5 4y (siledse 4 gy Gb Wl Sen
Ay alise Jlue 53 Ssay (e Sarelizlas 2 (695
03 Saelinlas s (5,55 45 isls Lt gy ol 5 Lo
23 Syl pu—s (Gt 9 el 4,08 jlame 3 s
6255 V) Ker 5 93l3 4dlise Cilize glacdl> 5 Sl
Silede y3 |y dily dmwgi sgame ledl (g 9 Seelialas s
LovyT iy 1,8 dulio 390 (Sesibivol dud Jilue 43 Sy aid
Ly gslwdse 3l Jrols i oS wisls las (haegis ol 5o
FS o2 i 4 Saelizlyis s (55935 5 eslaswl by Sy
23Sy Ay (55luedse 4 )K0s gy 3 Vmaid el
69 sy Saelials 695 51 osliiwl b g 95 el
Ol 45y 9 e ol (T e I Glagdy ol s
A8 s 390 ol 53 S5l (UeSz |y per 43 S
2 Saalialss 5 (5358 55l ool 4 My San 5 Silga sl
9 oliwl sl uugSlgT)I}élﬁ)s)z 39aza pladl gy by
Ul 3l G0 S35 Ay 093 Sz sS slaSys S T Sen
Nge Seolizlas g (695 5l eslaiwl by o 55 adsl Sy
Sy iy s5ladie 4 Mgllan 5 Silg a0l 41,8 iy
Sleslii ol Lo 2 Sise Jelge sy 5 GHil> Ss—d el
TOhSan g (g3g—iaspe aiilay Soelilsg iy 698
Gilwdae 535U plaae g, 9 Serelinlais s (355 S les
4 TS b3g3 g (aghilil aals jlE dunlie 3)90 )5 Ay
b 5589 sloaYss 53 )T (i 9o § ol (5Luse
(ﬂ)obm 9 9£u)L§w|by &ml.u‘bt_gf 6955 51 ealasul
0950 (izxad g o> 3 laais slal )i K05 —dmgy 5
Sy sl (K582 1y sz 53 Szs8 soSyi plossz

20513 518 ayp 3530 Ayl Sy e I G

Volume 23, Issue 10, October 2023


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

oblSnsH)Sm) L, wy

a2) pol> (GayS 53 X' g x (g3l dhil lSe oy 4y g
S ‘c,g)b 3l (IS yuas 5

y=x+ulxt) , y =x"+ul,t) )
2> (5338 53 X' 9 x (53lo (g3l dhaili 93 i (> il
D900 By pj g0

n==u(x',t) —u(xt) )
3% g x (53le dhdh 93 (auwd causBge slap 5wl )53 4 o5
Adbise §Hm 0 bl (V) JSb Gilhe yol> (gaiSey
&30 G308 > x' 9 x (93le bl e (glnylays (yay L)
ol oadd 0ls lid (W) IS 5 ol (5'\:“.’)&#.})3 LQ,)T oo g
e Saelizlas s (55955 53 x (3lo dhili o =Sy (gdlslee
(&) dhaly jl oslatwl b plgige 5wl yj wyge a3 Lguy 5
s () olgas dlas ya 5 1y P 3o blas wlis ¢lgi o0
13g0d

PGk, 0) = [ Fn,)dus, + b0 ©)

s

GMSa 3 ez 02 I o oy Sl ot (0) il 4
ol g x (gdlo dhdi 93yl Ngwy Jlap £ gzye
@ oddh Jloel oz (5950 b g x’ g x (53lo dhidi g3 (s
x 63 dyx’ 0y oS el (g ¢ f (5l @l g wilie pu
G2 9 2l 39D (50 0ol 1Az (59505 & 9 1S (50 3l
9w|x’9x63bbmwmu§1§909wu£b@bjl
&S el 53 4 039 b eslo (5 Ll polgs den Jolis
abii (Sl ploo b Hy sl g9, JLK0! o(8) akaly 48
.)swb.g w)fx LS.)LA

(u (x, 1) e

A )
/ i

9 X (53lo bl (laule slajlay 9 Sigay slaylay oo BLI) -V JSa
J&J} )&JSJ““~“}I w x'

\

% g3le iy (sl 5l 2yl oS bl (0 aaS oS jshilan
Hlaie Kos ijlee du . ayl00 x (gale dbaii b (g aiguy 3yls )3
Gl bl zl5 golo bldi g x (golo dhidi lo g (59,4
1530 by 28l sio bl o (s3le dhils (Soluen)

gl

[El>8->f@O=0 , v & Q)

VFoY 540 Ao gylad P¥ 0590

2979 )i,g) 3o bl 9 Xk) 3o bl&s o """‘9"U"° Jlie
03940 &S 3950 88 Suelitldr (53985 55 adbardls

s solo blis b o(8) 8l bad bauwgi xgy (solo abais Jolss
Solueon b 31l catslse xge) 4l 1 (8) @3l k> 1 yieS

9 Vg0 oals UL"”‘J oy b 9 Vg0 o3l Xk alags

(k)
(sl iy Jolat 53 s3bo LS i o 35550 oy8 rpimad
635 43 Ngdse g%e « Hiy Gleold aumli 51,318 5 xgy
09 x’)f,p 3o dhdi b x (gole ahaids Jolsi AS*ALI,!')LS),}
o3ls lid o313 oauels .\3%.3)'3).) aSe & Jlap Gasb 1 e edlgils
Ls)Lo blgs 9 X G:LA ahsgs O Mgy )Lmi’:u_) o,gl),\b..j gl (0
03lgils conis axaS Cdllao dy d>g5 b .3yls 3929 (iloslgils (49,3
D3gde iyl 5 abadly 5l osliinl b x (g3lo dhili (luwen b
H, = {x'eB|0 <|x" — x| < 6} Q)

§32 dw el s o (g3le dhaiis oslgils (V) dhaly 4 g b
5 (8) @I b glads 4 g x jSp0 4y gl 0 wygo 4 (gl 4l
a5l opls g s ax (galo dhadi oalgils (g g3 el
2lgls (gas Sy el y3 g (8) @I b3 glad 4 5 x She
Al 50 (8) @I k> Job 4 b So wyze 4 ax (g3lo dhils
03 93 52 o Jesl (uSe (9% (0l 55 1 ausS oS jshailens
A oLl it oS jshiles 3950 oaseli Jigay Jlap x'g x
A5 K5 Gilie 4L v ool alais 331 s 31 5 5 bl
ahsi b E3g i X 3o dhais Ui)w L oalgils
90 wd asBgo oy plos a5 Ly digwy slay a5yl x (solo
-0 (S o 51 8) @pe (6300)S 3 X' g & (53Le ks

139 (50 Byl 5 wygo 4 bl

E=ux'—x M

.\.39,5,3)’3)9 PHES (paizad 9 x (s3lo dhags L_SJM PR
cal oddosly plis (V)UKo 5o x'g x (g3le ddaii g3 yle

x (5olo bl (ylae Wgws 5oy 9 x (g3l i) (Sobuwods oggie -V JSb
x’9

o 45 el 5] Sl 537 4553 sl gl S
Nga sl JSb iy ogVe g2y (ganSy JS s |
s 30 x (63le dhadi 03lgils ((sole bldi (ol dhadi ylee
abadli 031935 g Wigay sl8y JSpnsi egpde (V) IS )5 S (50
el g @20 (G Sy S s Sl e o x g3k
x' g x gobo blas oluls oy aSulx’,6) g ulx,t) glaylsy
Y ST ol o oals plid caislbise 820 (XS A Caud

by Sl Slopadle 9 (55 Spadle o GuibiiS (ruaga cWlie degazue dolishis uyte Silse (uiign seale wliale


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

My w5 dahad 53 S5 a9 ol (g5l Jae g Juloxs

93 ol g slan Gy e Job suas eso «(VT) a5
9 0 uafu.l‘.km @ dazgi b eplplis .yl ‘oL] 3o adags
A 53 e Sy 13y (s Job s 45 il (1)
3o ahaids 93 (ylae Mg oy Sl Grad s 5l g3le
9 w‘o&)l 3o ahis g OTQLﬂw RVIVEIPRTEIV I S0
b ol )5S § Haz (s98 @i bL) e (5o & el
(8) JS—i 53 (g3le b3 glao Lgus 3y s Job pss

ol oddds 031y Gioled
)ﬁxsbuaﬁjpdlﬁu@wgu&&ngﬁw
23950 iy 515 wygo 4 Saelialsg iy (595
f}[xu (x,t,&)dvg

f]{xdvg

S B o g 1(6) e 118 ably ab 45l & 455 b
U sdo g (10) dhily 53 9(x 1) slade galpliy WS (5o sl
Silo 9, 1) &l Gl yao jlade (&8lg 33 ablie e S
S slade g x (golo dhadl 4 Jaie slodig olad (393 'QJL»

o, t)=1— [4)5)

Jaio sladign elad (add awss g id) o 5l sl @
33 Gle cwsd g el porie Mblie x (sole dhadl @
ﬁj&l 4wl oads odls lid (0) JSi 55 Salialsgy ()9
(@) Gloe ol jasld laie gl ol )3 & el 3 4
ccawolosid w)f)h:).i 0.38 jlado b yly Soolisla 50 (55955 50
Sl veys 38 38y gl @ ks i S Ay Gl G
ool 53 (g3l bl s b g3k dhadi SO lw slesigy

A &y esle yd

() el 288
1
| |
|
J"""'é = !
| gy Crafli
|
|
|
Il
S, s
- igas Uu.u.s rt,.n.;_'}an

3lo blEs lee Sisa 1oy s Jsb st b ool 553518 bLI)! ()
) st s 26

L

I
: Wiger Sl
]

(5) dige (bl

3o blai e Sigay 5lay (and Job suasti b iz (5900 @l byl (&l
Job ysi b ol j915'6 g (i (59505 @5 bl (2aled -¢ JSb
‘5)|.A blas OL&A 439,5,3)3).) (e

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

IS slagly 5 Ghs pstinge Ui byd g oignd pgw ol8
Ao s |y g3le i plae (f) Gz g9 & SIS
g x" (s3le dhadi @y x (galo il a5 (g 538 ol Gub
wx' (g3lo dhdi aS cuwl gy g BYS §3 g ply (S 50
A1 oo 130035 o 35 o (goLe abais

fEnd=-f@d . Vv én M
695 b GhS poitiege sl byd (V) ahayly oS el S5 4 059
Loyl 5 1y %" g x (g3le b 95 laoo (f) a2 (S92 sl
45 eyls (glangly tege (sl (38 51 oslasiwl b . aiS e

E+mxfmd=0 , v N
21y Seelials (633 (65955 53 &S panlise 53 (A) iy 4y 4z g5
305 53 o o G sla (55130 g 3le 4l 93 ¢y (5953
Al (YK s jl a2) ol
ST el S ¥lsSo o3l S Salinlsis i 655

F0.0) =5 0.6) @
S 2l oo Yl Gl 5 Jauiling Sue @i aw (3) alal; 5
G2 695 5 g3l ahadi 93 lare s 52 19 (555
Y 3Pl (D) daly 4 azei b aiS e s |y Seelinls
(50955 53 53Le aaii 93 e Mgy s S Iy
ilioe oy j engar Seelizlas

w= %L w(@, §)dvg D)
3 nsﬁ'ﬁx“bi"r‘b [ 03540 (5o sl 1/2 cpud (V) il )
Mg 953 63l e sl b wigan la slestl g
69 2B Sleg st gl oadh planil HIS il (0 J33)90
W g Saelials (52 (6395 55 Sl 9580 pan S
2339 o oS 5,8 (551 S8 b iz (53l @
Sl slge (5L Lo 8y uilss 5o ol 31 ooliil L @l
b Seelialas s 55955 9 wlsale Suille Sl (5553 53
3le bl glo dig oAb diwen (sl 039 (551 5 dunnlio
gl ey
135053 35250 (> (59,8 @ oAb i umlie 4 4253 L
olsioe Iy Saebialyg s (55555 5 gole ahaids 93 Lo g
redyS i 3 55 @z

F0O =T+ 610 . v £ o
G295 53 53k akaili 93 (ylae gu 5l (rd b s

139450 L yei ) caygo 4 Saelinlag
In+¢l— 1l _ 1y =yl = lx=«]

= W
€l [x —x'|
:‘c..g)b U"‘)“L"
fln+¢1.9) =g(s) u@ €D )
b ol il g 2Bl o Sl 215 Sy g (V) dlal, 4
g@s) =cs \%)

o Saolinls (553 (695 53 e3lo Jgaeg)Sue € (18) ahaty 5>
& oalply el oslo L Lw g Quis 4 diuly a5 b
el yj wngo 4 olet 5o b S (s9
£ = et (10)
o olej du diuly ISl @oli Sy (£, ) (10 abaily ;o
3950 Uiy ) sy 5 1dbce Ko b ke ol Hlade
e ={) S < v

otherwise

Volume 23, Issue 10, October 2023


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

S5
1 25
Wsp = fa)dvg —Ef< )4n§2d§_n52 (YY)
0

Jv—wﬁf (63955 53 tyS (531 (JB cpuils (o oS jshailess
1le oty ) iy 5 lsel> Sl

9ks? %)

We = —{J}T{}’} =
6)9"")3| sl u_w..\g —rdidyS (555 UJL§;> o8 iy b
baaly s 5> Saelinla g (695 9 wilsels SGilKo SG—wdS
o Saeelinlas s (585 5> JgdagsSe yiolyly Hladie sy
10 ol 5 g0

c=— for 3D (Y0)

= m for2D )

WS (sl 039 (553 ot S Lalgy g euplio s dazgi L

dwlso y1j eygio dy x g X' (53lo dhadi 95 (Lo Nigay (a
13940 (0

V)

So ,
wo(§) = f g(s)(&ds) & = |¢] = S; §

ahais 4 Jaie lasigy (oled i S gl @59 635

w5 g3 93 wdle (sl Selinla sy (5085 55 ¥ s3le
ile sy 5 blg) 51 eslasel b oy 4 (gam
5 & cosTiz/¢

o=z [ (5

521‘[ 6505 tz/§

295
Gogp = f f f f (CS" €>sin®d®d§d9d2=# n

Vg )'3)% uJ')ﬁé i Job s jlabe yusl bnlgy 4 azgi b
u_.w‘)Al)J G 4w g 9 C_LJL>).) (So) Ls.)Lc ahigs 93 UL;A

:[‘”O]Lg
4Gy
$o= |9Es
10G, [5G,
Ve
55 | ke for 3D )

5 Jal= sl @Y s3dserd Maze 53 Gwisle g pulS)s)
L oadt sl A ST Sjsuels gl g axd o (g5lwdse
ez 3 Lol Gieghy @b .adsls il 1) asge S SLI
33 3lo bl caigm> S BN L osdh wggdi VST 559008

2 4
>sm(2)d®d§d I Csi £ (YA

for 2D (Y

53 53k blas g SBLJI gz 53 (g3le blas s 93 4 o>
9 Jlodi gz 4zl 53 A9 (50 ol dinoj olo >
Oleo Sz 513 £95 93 VST GjseelS gz (5l se
LI b oo gt VST ij9elS o 53 (o3l bl
G 53 Mg a9 BLIN gz 55 dgu Iy lgie wead
L (V) 3 (5) ladS$i ;5 .0 485 salyd 43 disej o3le
53 ey odlo 5 BLI gz 55 diga 1oy (558 o9 i
215 53 35290 (55545 o bl 5 Y ST GijerelS e
Ol 53 Nga ylay (S L diej o3le 9 SLJI ez 53 Sigu
cwloddds o3y lid Haisyge slocys

2339230 (S35 03 e 3 (Sl (olgs inyei ez
dinoj odlo g BLJI gz 5y (gole blE gl diga Slap
i) o3lo g 53 9 Sl ez 53 esle Jgreg Sore (slayialily
O gz SO SLIL ead cosll 4¥ST jaselS puuz 53
gl (o0 Byl 35 w90

VFoY 540 Ao gylad P¥ 0590

oblSnsH)Sm) L, YF

wl)d Bg 0 Giie Solials (551 (51535 )3 Sl @ dz55 L
G wlg o SusG gl ladigy slagy Gub 5l ks
S 2 g 9 053 Sy ol S g g5 SasG
31 6359l> 9 wled slogud (1i8)S )3 (sl 3950 33T 053
L lag s ol 203 Bymo 3y oligS (il (slogyud (00 oy
ly puz 5 093 SO 3ly (5958 IS 9 08 gez ia> (sl
—e oy yj dhaly 51 Gl gop ol S (e patieo

PVl
fi@.8) ‘W”””{ 5 (e +nl—d )} oM
ds = min {0.9¢],1.35}(r; + 1) 03

1Le 3y 0lsS dly (698 fs(1,8) «(13) 5 OA) kg 5 4
)‘Ahbiﬂgc)fgﬂ.ioglbdmjsb)b‘oUe;ém‘rss
s =15¢ b plyp Ygamo 3¢5 ylade 390 wlxil (Ax/2

¢ =1:()

@ =0
xgabwsbgulmw‘[ﬁw —OJS.&‘;

o9 g Saelialy (g5 oyl dunlio g G598 bulg) v axgi b
Vg )3 3990 A (se U wlisle SWilse SauwdS
reddgd 55 wyge 4 olgise Iy gole bl 93 ol

f=cs , n=sf = f=% D)
a3 535 gy Jrailing Kae @il 58 Ll 4 453 L
139450

n
2 2
W:f”@:ﬂ:“ Q)
0

T T

o dtenS sl @39 5351 (1) dhaly 9 98 Ay 4 dzgi b
edle sly Saelialsg sy (5555 53 oo abaili 95 Glie Vg
(YV) 5 (V) Loy, 5hesliinl b oy ay (g dw 9 (g9
0]l oo ot 5 yguas
S5
1 cs2é
Wyp = Etf ( 2

ncs?63t

)211{ i =— YY)

by Sl Slopadle 9 (55 Spadle o GuibiiS (ruaga cWlie degazue dolishis uyte Silse (uiign seale wliale


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

Y1o 4..)|SM)JJ)3M)5 ‘-‘.‘:‘"TLS)L‘"(JMSM

YY) dilee (G cwow) Ghadhans cwnd > glp
wygio 4 eieNl ol e e ealastul wlyy cuesm @iy oSl

uwﬂ)_\)
1
LNt . At |
Ugy” = U + > il
ufist =l +atufy D (V0)
s+l _ . (n+1)/2 ﬂ--nﬂ

Uiy = Uy + > U ey

9 oy 2l il Sl el Gl g B ged bailg, 4> &S

‘uLx.w U'9"k:‘° @99 ,L:J's) )I oalaiwl L\ asls 2 A uLx.w

dlo |y g 51 g3k dlaiii el k sn ) 2l ailz 5 ey
dged

s33¢ (sl Jlo-¥
© 0D oAb Ayl IS (aiw jlitel wga Tanl js (Gido ol 5o
Sleslatwl b el )3 Sy5 iy (g5lodse ez puaed 58!
Sy Ay Gilwdse 4 dgm » Glibe Saeliahgn (5580
Syl Gl SO shls a8 S Glibaius dxbio SG sy Selins
51 skiyge Glibive dxbo cwload aislayy walie 3l
oxd ol (M) Jsaz 53 ol Loly> 45 Duran glass50 iz
Gy 4 slainy0e Ghibiue axiio (oye 5 Job sslie .ol
dy90 U.L‘.b.u.m dxdio dwdid .\a.wl.)UA 0.04m ¢ 0.1m Ls )9')..!
Glae .l oad sy Hliad (A) JSb 5o Sdilewds wyguo @ ylas
Aot 33150 (ibitana aho GE S5 g Jsb (V) IS5 |
O e g gl 9 Vb glaiye g Adlbse @ = 0.05m L
23Sy Ay siledse g duled sl slinyge Glibiiue dxbo
A 4y Hlaingge dxio «Saololysyy (53955 51 ealaiwl b
3950 pawdS Ax = 0.0005m gls Job b JSib iy (o
3y Gwdde ey Gilej ﬁlfs Gl b yslie ey ol 5o
—6x 60955 3l edlaiwl b skisyge Glibbiee dxde 3 S
At=50n595=4Axbﬁ|ﬁwﬂqﬂygﬁbﬁg%@b
oals plid (A) IS 5o Gl ol 5o ks 50 Gldaiiwe dxdio

TIRTITITINE

RRRRRERRARER

A e Sl S Gy (g1 liiuse domiio tolai (A JS
ey,

-
-l

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

o 2B E) )
f= 1 Q)]
(B - §Ez) Z?/I:l &iV;
8E,E,
Cm = (YY)

(Ey — 5 Ey)hns?
GignelS pue SWlSe (olss By g By 398 bailgy 5o oS
b jlude 8 g Jhinge jgelS e cwls b ohisge
ol Vazre 43 s Sme Spe dmole Wl abbe @)

! 044

——— Matrix bond
Fiber bond

oz 53 dinej o3lo 9 Bl gz 53 Sigay sy (555)8 o9 (1 UK
Y S5 ijagals

Y A Bond-force
Fiber-bond Matrix-bond
Sg _
Sme S X
Stretch

03l 3 Bl gz 53 Sigag Iy 53 d230 (So5 Bl (Y JSB
Aigas 51351 Job s Uy dino;

Saolialacs g 5358 (5313008 (53 Lo -1-Y
b9y 3l ealaiuwl b Saelials (g5 (55855 55 (0) dslee (g33¢ J>
b5 4y paz IS 1ol gy ol 53 39die el Gl g
P> @20 NS 5D 05 @ &S Ngd o padi GBS
Glp 5 1ol clgisSs e Slgh e Lmo)f p==> s atdiv
695 5 (6olo blis oye by (Job alold (Ax g8lg 4o .sigd
X G N (Y dslee Md&u RV FY &g?aljfglét_g)g:
wge 4 il dlaii (S Sl (g 51 eslisul b Seelinls

[15] el 55

pil; = Zf (uj" - X — xi) Vi + b" *¥)

7
oles 5 gl i o b wle ™ = ux;, t™) (VW) dayly ys a5
«§gd ahly 53 Ore Adbse el Silej ‘alf oleis n aSt™
el s o)f‘oq:dwa')dg‘ojﬁ Ao el o)flo.':)‘l/}-
1 30lg> 08 Jsb 5 08 b o) 4 i Su g gam 93
Jolai dhaly 51 ealasiwl b glgise 1y (V) dsloe o o
)5 Sl e S35
ul_n+1 _ Zuin + ul_nfl
ﬁin . S (‘Ni)

- At?

Volume 23, Issue 10, October 2023


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

OL\KAQS‘AJ“;M) L;é) Y&

Shinyge (lihtue dxio ;3 S)5 e Gladdl olSe g olej (¥ Josz
12Mpa e3lgiSy il e

Sy ol LXERY]
Sy oleddl Ko S oleadl gloj
0.019m 25us yol> Giegi
0.019m 25us QRS
0.021m 28us (Mssbgr s o

) sty Ging iy 5> Saoliald g (5535 ()

0%

5,bs2 9 o g 33 Saslinlss s 63955 :(2)

(ol pimgiy) 5B lase by ()

(el Gimgdy) Snolialsgxy (5355 ()
©hls Glibiue dxdio 33 Syi ady 5 Juols aali duslia (Ve JS&
12Mpa (il el (538 Syiyhag

Sl e GjssolS dehi 53 ol (g3lude g Julod Y-
B pile

2 Vg p e Saelitlsis s (6595 L)l 4 cewd ol 5
Casdi (6 poul Suigsels ashd )3 cowl (g3ludie g Julos
9 Cunlodd 4;:'>|)).J: B oisle .&,uT)s el (19, BSLII L osid
Juols s g L,.mlidglaﬂ o b g ol 3l ol s
—odlo T8 ced jexelS S aaks 53 cuwl (g5les ;]
93 £98 wdlo p e Saeliglas (5593 51 eslisiuwl b (5,8

VY o ol oyladd FF 09

Duran glass 50 e3bo (,SilSe (ols® () Jgao

2235 kg/m3 ) &
65GPa (B) Sk Jsso
0.3 @) powlsy o
204 J/m? (Go) St (535

5 ol s dulio 4 (1) JS5 5 oS cal 53 4 63
5 &zl Jol> il b A9 o2l 53 S5 sy (s5lwe
odudy uLo) 9 uLio (Y)ds.&? 3 u.u.D.A.m RO W 4.;.’>|)).|

ol 0l (b slainyge Gl

52us

46us

30us

20us

o I Wos
damage

81 S5 g (51> (olabaane doxio 13 55 A e (3 JSib
12Mp clgSy (T w3890
Adigh &5 a5 58 (4l ¢lgie (¥) Joso g (V) S 4y azgi b
9 Sy ady Gilwdae 9 Julxd s uaed I8y 53 ond
.\39.3:.3).} (o QALS.,QBLS):; L5)9';‘Jj| oslaiwl b ‘oL.M_?Ué WT

by Sl Slopadle 9 (55 Spadle o GuibiiS (ruaga cWlie degazue dolishis uyte Silse (uiign seale wliale


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

La)% w5 dahad 53 S5 a9 ol (g5l Jae g Juloxs

90° 5
¢ Tool

/

0° waen e [80°

b SLI agls 5 Jlainyg0 (hajgrels IS ambhd 13 BLJI (5,55)0,3 o924 ()
wlaiko glayg=o

L -
. a
Workpiec <
orkpiece _I_ Tool
w
Boundary
t

Uhegl 53 6yl 318 kb g bl 5 Gijorels S ambs dwsia ()
ol
agl)8 3 Sl g siiosels S dabs duwsin Suilad Gigled (1Y JS&
28l g3y 53 5,8 bl

Saelialsis2 (585 45 55 ol lsie (0) JSb 4y azgs
S abks y 3lg (598 s 9 Guies 453 Nen p Gl
Oxees aBlie B ordle 1l) wad Jhisige (SjeselS
GiionelS ySaskad 53 SLJI (6518 agls 45 35 ol olgie
5 35 B rdle 30l ot ol » 3y (69545 3 (lim 3L
b ol 2 3y som Fasels S asks ;5 BLII aygls jusi L
LS el 53 a4 039 .08 swlgd puas jud (5 paibilo aigly
Ol Oxddion 9 xS &5 35 ()l plgie (W) JSb @ azgs
Giloj caiyi s (5, il T3 Job 53 S asks 1 3)lg (595
3390 ijguelS S aghs ;3 BLJI (6 pS)l)8 g oS Libe

ol 9 bl cudyi @

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

US‘ulSvo U¢'9> ol odd w)f )l)s WLM dy90 (w)&?)a Bl
O3y 53 025 Bl b esd cagis (5 peuly ijgpelS S ek
Lr”)S'mlS )LYM dwdid g W W ULU ) ‘_Js.&?))).bb
OBm9%s 0l 53 6 adble 3T)S 0o g (550 Laslyd g Jlain 9
P Gigsels Jashd 3 SLI (6,58 cys puizen g
(V) JS 53 wlatie glayge b of agl; 9 pol> Gl
s aghd (W) glasyl g (1) oy (L) Job -cawlosds osls L
—0 8mm g Imm Bmm byl ol 4 hisi0e (SjselS
GBS udle Gas g () )3 Goruiun ey prizen il
L b el (@) Wl asli 5 (B) olswedly lys (ao)
Al se 20° g 257 0.2mm (0.6m/min

ub 50T 2 3yl5 (59585 5 e 53 BLl gl 13U (ouny 0 i
53 Sl gl pol> (g )3 @B pedle wld bl
Gy 4y oS wglaio wdls ez 5o Jhisyge jsselS IS dzhs
cwoloads a8y Jasys (adlbise 135° g 90° (45° .0 b iy
wdl> 55 5hisyg90 ljaelS S dghs (o) il I Jol> gl
wilite slaces @il 4 Suolisls (650 (6398 5 aKialej]
b .cwlosds oals plid (VF) 9 (W) sla dS 5o cudiyi @ LI
agli &5 35 oo oleie YO 5 (OF) slodSs 4 azgs
2 Gl 350 550,00 S5apelS askad y3 BLJI (6,58
Ll b shisge jashd )5 ol 5 ooy JuSad egad
48 ot Saelialas i 60s8 prizes s B puile
Giiapels JSasks p (ol sl (siludre 5 Julxi
Ablise yhisee

b oad gl (5 pealy jgaels Sashd (SuilKe polss (¥ Jgaz

oS
133000 MPa E,
8000 MPa E,
3700 MPa Eam
0.33 v

1900 MPa X,
1300 MPa X,
41 MPa Y,
170 MPa Y,
81 MPa S,

©blss Gy oley cuwm 5 Gljssels jSdzhd 5 3ly (595
Sia P)'xl ol odds oaly plas (V) JSib 5y BLII wglase
Ngat e Saelialdig s (5555 w8y byl ez S el
o iesels JSaskd 4 3ly (5950 sl 9 oty 4
Jeol> i b ypsl> Ghmg s sl Lol 2l (55 padle 1l
e Saolialssy (5595 5 @20 53 BBUaleT e g3 5l

canlords i3S )18 dunlio 390 @250 53 093 £33 >

Volume 23, Issue 10, October 2023


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5]

[ DOI: 10.22034/mme.23.10.209 ]

ohlSen g piiS ety le,  NA

Cutting direction
—

|
azpe JUES — (d)135°

135" Ll augl; :(3)

135" Ll augl; :(9)

Bending fajl

T \“" i

-—7%.’77""'@' ”M

'k
(o]
2 og
90" SLJI aygls :(2)
Cutting direction
e e
Imm
— (b)45°
457 Bl agsls :(2)
Bending failure
E j Cutting direction
. s e
Imm
Mezye > Lagh
0" BLJI augls ()
oEETE Wos W’
damage 0 BLJI agly (i

o . [t . . I aagl; z(ally

igals ;S ashd 53 Sy5 g Gl slaul g oslys JuSKaT ogaed (V& JS& . > _
S tle sl N ijenels JSashd (g,Sadle 5l Jol> alilales) @Lu W s

GBS pedle 33li8 (b yhaisg0
53 Bl cglisie el (gl 1S Bl b sy corgits (5 panly
Mans

VFoY 540 Ao gylad P¥ 0590 atbpdert 53l (slagdle 9 (5)Bsdle slo uihitS (piogar cYlie degasne dolishig «uyto SuilSe (pudigo (sole dalinle


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

il Jao g Jalod

o)

")36)3.!&)5

S

14

KT

|

0.02 0.04 0.06 0.08 0.10 0.12

0.00

0.00 0.02 0.04 0.06 0.08 0.10 0.12

1 1 1 1 1 1
=3 < < = =t <
m o< = = (3]
(N) 20103 Sumn)
AR RS e m e o T e I
=)
o
E=
<
~NF
7 &
O
H=w
,
i
_ 1
.
LI R RS S I R
o O O O o o 9O 9
S 0 o < AN Q A“.
-

(N)#210 Sumpn)

po K= Ja = o
o =
=] le | =
=3 < " 1=
18 1 12
=g S =
—_~ @
« N Kia} —_— 2D
~ H ay c U a
2 w« ig ¥ 128 3 12
= 3 = = - s =3
o9 3 3
. 9 9
n x . g - =
n 42 © 1= n 4=
o S = < =]
—
1 1e 18
0. o <
{8 18 18
= < S
L 1 L 1 | L [ U WU BRI SRR | [IPR | L L L | 1
&S 8 8 & § & < & 8 8 8 § & < & 8 8 & ¥
(N) 22105 Summn) (N) 10d0] Sumn) (N) 9010) Surmn)
~ ~
. L= =l o B
.=z = 2| o S
=3 gl .2
=) =le = =
:.. L= 2REIS = =
° S 882 N
|||||||| 0 | oo HEwW )
R _ _ LS _ _ “ 12
..... 3 =] ! o
o i °a 1= _
1 1” = ey R =) %/mu\ N %d\ = —— %
g ¥ e Lreg ¢ (S < =
= =SS e | CDGE - = =
2 SLTE 3 E 3
9 T e B[+ 9 =< 9 <
I 2 iy aagle . e e =
O O 5 =3 s " - 5
<, . FE?| S & < =
(= : 9 N ~
2 || ils e % =
Il " i S I =
> e o nU
R g '8 2
~— < 3 =
o e =
& & T T T T T ) ) T T & T T T T T T
o o © o o o o o = =3 o
I S ® © F Q S o © < 2 e 8 8 8 &
- —
(N)2210g Sumn) (ND2310,f Sumng (N)9o10, Sumny

[ TZ-2T-#202 U0 113e°S3./epoLuraLuLL WoJ) papeo|umod ]

[ §°5€°0T"€2"20VT 06S5220T T TO0T 02 -HOd ]

£5 %
2
T
- w/ o
.
v
)
X
i
%)
*
3
%
q
IJW.V
2
ow.
= =
T = m
-
E 3 39
3 8
[ 602°0T"€ZBWW/FE0ZZ 0T -

Volume 23, Issue 10, October 2023

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

0a


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

ohlSem g puiS ety Loy, VY

10. Diehl P, Prudhomme S, Lévesque M. A review of
benchmark experiments for the validation of
peridynamics models. Journal of Peridynamics and
Nonlocal Modeling. 2019;1(1):14-35.

11. Silling SA, Askari E. A meshfree method based on the
peridynamic model of solid mechanics. Computers &
structures. 2005;83(17-18):1526-35.

12. Parks ML, Lehoucq RB, Plimpton §], Silling SA.
Implementing peridynamics within a molecular dynamics
code. Computer Physics Communications.
2008;179(11):777-83.

13. Parks ML, Seleson P, Plimpton SJ, Silling SA, Lehoucq
RB. Peridynamics with lammps: a user guide, v0. 3beta.
Sandia Report (2011-8253).2011;3532.

14.Ha YD, Bobaru F. Studies of dynamic crack
propagation and crack branching with peridynamics.
International Journal of Fracture. 2010;162(1):229-44.
15. Ha YD, Bobaru F. Characteristics of dynamic brittle
fracture captured with peridynamics. Engineering
Fracture Mechanics. 2011;78(6):1156-68.

16. Agwai A, Guven I, Madenci E. Predicting crack
propagation with peridynamics: a comparative study.
International journal of fracture. 2011;171(1):65-78.

17. Silling SA, Weckner O, Askari E, Bobaru F. Crack
nucleation in a peridynamic solid. International Journal of
Fracture. 2010;162(1):219-27.

18. Zhou X-P, Gu X-B, Wang Y-T. Numerical simulations of
propagation, bifurcation and coalescence of cracks in
rocks. international journal of Rock Mechanics and Mining
Sciences. 2015; 80:241-54.

19. Zhao ], Tang H, Xue S. Peridynamics versus XFEM: a
comparative study for quasi-static crack problems.
Frontiers of structural and civil engineering.
2018;12(4):548-57.

20. Shafiei A. Dynamic crack propagation in plates
weakened by inclined cracks: an investigation based on
peridynamics. Frontiers of Structural and Civil
Engineering. 2018;12(4):527-35.

21. Huang X, Bie Z, Wang L, Jin Y, Liu X, Su G, He X. Finite
element method of bond-based peridynamics and its
ABAQUS  implementation.  Engineering  Fracture
Mechanics. 2019; 206:408-26.

22.Basoglu MF, Zerin Z, Kefal A, Oterkus E. A
computational model of peridynamic theory for deflecting
behavior of crack propagation with micro-cracks.
Computational Materials Science. 2019; 162:33-46.

23. Wang Y, Zhou X, Kou M. Numerical studies on thermal
shock crack branching instability in brittle solids.
Engineering Fracture Mechanics. 2018; 204:157-84.

24. Mehrmashhadi ], Bahadori M, Bobaru F. On validating
peridynamic models and a phase-field model for dynamic
brittle fracture in glass. Engineering Fracture Mechanics.
2020; 240:107355.

25. Anbarlooie B, Hosseini-Toudeshky H. Peridynamic
micromechanical prediction of nonlocal damage initiation
and propagation in DP steels based on real
microstructure. International Journal of Mechanical
Sciences. 2019; 153:64-74.

26. Karpenko O, Oterkus S, Oterkus E. Influence of
different types of small-size defects on propagation of
macro-cracks in brittle materials. Journal of Peridynamics
and Nonlocal Modeling. 2020;2(3):289-316.

27. Isiet M, Miskovi¢ I, Miskovic¢ S. Review of peridynamic
modelling of material failure and damage due to impact.
International Journal of Impact Engineering. 2021;
147:103740.

VFoY 540 Ao gylad P¥ 0590

(S S dayi-F
L odd wagdl iujoaels slaojle g wilehd ;I eslaiwl o594l
a5l 90 wolhe SWille (oly> idls Juls 4 s SLJI
Srelialais s (6355 il 4 Gimgdy ol 53 cwlaid S )8
SWaskd s cuwl (Glodse g Julad 53 Sgn p e
o 138105 53 S SN ol ol (g yeuly SRjarels
&zlre 2l b Giwgly ool jl Jol> it g sl oadd dizlay
L 4293 b cwlord 48,3 8 duglie 390 (st ;3 @ilie g

—6x B9 &3S ol lsice Liegk ol 5 Jels il
bilgy a5l g 9 slimeyd jd go 5 ivRe Selinls
2 Sl g e « Sy 3y (giledse g Jula a3l GleeST
2blie oS SLI b osds ool (g pealy Gjgsels jSasks
GijgpelS Saehd )5 Sl ez &5 355 glo plgie e
5 ol 03 ead sl Sy a9 ool Gl 36 Jlisyge

313 (5,8 puile 1ld bl Bk 5l o 0 3y (9,8

&lw
1- Sobkowiak M, Rebis T, Milczarek G. Electrocatalytic
sensing of poly-nitroaromatic compounds on multiwalled
carbon nanotubes modified with alkoxysulfonated
derivative of PEDOT. Materials Chemistry and Physics.
2017; 186:108-14.
2- daSilva]P, Soares BG, Livi S, Barra GM. Phosphonium-
based ionic liquid as dispersing agent for MWCNT in melt-
mixing polystyrene blends: Rheology, electrical
properties and EMI shielding effectiveness. Materials
Chemistry and Physics. 2017; 189:162-8
1. Silling SA. Reformulation of elasticity theory for
discontinuities and long-range forces. Journal of the
Mechanics and Physics of Solids. 2000;48(1):175-209.
2. Silling SA, Bobaru F. Peridynamic modeling of
membranes and fibers. International Journal of Non-
Linear Mechanics. 2005;40(2-3):395-4009.
3. Silling SA, Epton M, Weckner O, Xu ], Askari E.
Peridynamic states and constitutive modeling. Journal of
elasticity. 2007;88(2):151-84.
4. Mitchell JA. Anonlocal, ordinary, state-based plasticity
model for peridynamics. UNT Digital Library: Sandia
National Laboratories (SNL), Albuquerque, NM, and
Livermore, CA (United States); 2011.
5. Mitchell JA. Anonlocal, ordinary, state-based plasticity
model for peridynamics. Sandia National Laboratories
(SNL), Albuquerque, NM, and Livermore, CA ...; 2011.
6. Nikabdullah N, Azizi M, Alebrahim R, Singh S. The
application of peridynamic method on prediction of
viscoelastic materials behaviour. AIP conference
proceedings. 2014;1602(1):357-63.
7. Bang D. Peridynamic modeling of hyperelastic
materials [text; Electronic Dissertation]: The University of
Arizona; 2016.
8. Xu L, He X, Chen W, Li S, Wang G, editors.
Reformulating hyperelastic materials with peridynamic
modeling. Computer Graphics Forum; 2018: Wiley Online
Library.
9. Silling SA. Introduction to peridynamics. Handbook of
peridynamic modeling: Chapman and Hall/CRC; 2016. p.
63-98.

by Sl Slopadle 9 (55 Spadle o GuibiiS (ruaga cWlie degazue dolishis uyte Silse (uiign seale wliale


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.10275940.1402.23.10.35.5 ]

[ DOI: 10.22034/mme.23.10.209 ]

m 4..)|SM)JJ)3M)5 ‘-‘.‘:‘"TLS)L‘"(JMSM

36. Ghajari M, lannucci L, Curtis P. A peridynamic material
model for the analysis of dynamic crack propagation in
orthotropic media. Computer Methods in Applied
Mechanics and Engineering. 2014; 276:431-52.
37.Tastan A, Yolum U, Giiler MA, Zaccariotto M,
Galvanetto U. A 2D peridynamic model for failure analysis
of orthotropic thin plates due to bending. Procedia
Structural Integrity. 2016; 2:261-8.

38. Diyaroglu C, Oterkus E, Madenci E, Rabczuk T, Siddiq
A. Peridynamic modeling of composite laminates under
explosive loading. Composite Structures. 2016; 144:14-
23.

39. Cheng Z, Zhang G, Wang Y, Bobaru F. A peridynamic
model for dynamic fracture in functionally graded
materials. Composite Structures. 2015; 133:529-46.

40. Cheng Z, Liu Y, Zhao ], Feng H, Wu Y. Numerical
simulation of crack propagation and branching in
functionally graded materials wusing peridynamic
modeling. Engineering Fracture Mechanics. 2018;
191:13-32.

41. Madenci E, Yaghoobi A, Barut A and Phan N.
Peridynamics for failure prediction in variable angle tow
composites. Archive of Applied Mechanics 2022: 1-15.

42. Shang S, Qin X, Li H and Cao X. An application of non-
ordinary state-based peridynamics theory in cutting process
modelling of unidirectional carbon fiber reinforced polymer
material. Composite Structures 2019; 226: 111194.

43, Oterkus E, Madenci E, Weckner O, et al. Combined finite
element and peridynamic analyses for predicting failure in a
stiffened composite curved panel with a central slot.
Composite Structures 2012; 94: 839-850.

MME, Proceedings of 3rd Iranian National Conference on Advanced Machining and Machine Tools

28. Bobaru F, Ha YD, Hu W. Damage progression from
impact in layered glass modeled with peridynamics.
Central European Journal of Engineering. 2012;2(4):551-
61.

29. Sun C, Huang Z. Peridynamic simulation to impacting
damage in composite laminate. Composite Structures.
2016; 138:335-41.

30. Liu N, Liu D, Zhou W. Peridynamic modelling of impact
damage in three-point bending beam with offset notch.
Applied Mathematics and Mechanics. 2017;38(1):99-110.
31. Akbari M, Kazemi S. Peridynamic Analysis of Cracked
Beam Under Impact. Journal of Mechanics.
2020;36(4):451-63.

32. Agwai A, Guven I, Madenci E. Crack propagation in
multilayer thin-film structures of electronic packages
using the peridynamic theory. Microelectronics
Reliability. 2011;51(12):2298-305.

33. Kilic B, Agwai A, Madenci E. Peridynamic theory for
progressive damage prediction in center-cracked
composite laminates. Composite Structures.
2009;90(2):141-51.

34.Zhou W, Liu D, Liu N. Analyzing dynamic fracture
process in fiber-reinforced composite materials with a
peridynamic model. Engineering Fracture Mechanics.
2017; 178:60-76.

35.Hu W, Ha YD, Bobaru F. Peridynamic model for
dynamic fracture in unidirectional fiber-reinforced
composites. Computer Methods in Applied Mechanics and
Engineering. 2012; 217:247-61.

Volume 23, Issue 10, October 2023


http://dx.doi.org/10.22034/mme.23.10.209
https://dorl.net/dor/20.1001.1.10275940.1402.23.10.35.5
https://mme.modares.ac.ir/article-15-72870-en.html
http://www.tcpdf.org

