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Numerical simulation of cutting and fine cutting processes
by lemaitre’'s ductile damage model in conjunction with
large deformation theory

F. Haji Aboutalebi

Assis. Prof., Mech. Eng. Dept., Isfahan Univ., Isfahan, Iran.
P. O. B. 81746-73441 Isfahan, Iran. F.Hajiaboutalebi@eng.ui.ac.ir

Abstract- Damage of metals is a progressive physical process which finally leads to the failure of them. In this study,
first, a coupled elastic- plastic- Lemaitre's ductile damage model combined with large deformations theory is developed
and implemented as a subroutine into ABAQUS/EXPLICIT code. Then, by performing standard tensile and Vickers
micro-hardness tests, mechanical and damage properties for St14 steel are determined. For validation of the damage
model and also identified properties, cutting and fine cutting processes are simulated by the model in two cases of large
and small deformation theories. Comparison of the numerical simulation results and experimental reports show that
Lemaitre's ductile damage model combined with large deformation theory can accurately predict damage evolution,
crack initiation, propagation, and ductile fracture in the metal forming processes with large deformations.

Keywords: Lemaitre's Ductile Damage Model, Large Deformations Theory, Cutting and Fine Cutting Processes, Ductile Fracture.
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1. Strain Equivalence Principle

ay

ool Wloe Jled 4 Sl cwaige yo oz
D] 59 0 a0ls cos V0N SBlolS 4y Voo (5,95
6,95 03Pl Sloate g Olpie 4 ol S 059 4l
Sl g Alniadly (655 oo AT dlgn S
YV TONE IPLI LI O

alin 53 Seadly 4ol (FaSTy Ygane oy olga 5o
Sl i (sl ol el g5 B ez ola L
Wigd oo 48,5 IS 4 T3 0, 50,5 Jde sl 45 CenSs
S b anl B (DIl sl s osliil BB Slge cnlisl
Sgb ool cuSs el ol o a5 Sl (sloaig s
lsy b s 22lS a5 el laslllas o] SIS
L Sl DA 8L aaly a4y (Sl gl SLSU
plas IS cll> 1o oole ol 098 0 Juli 1) oloons
Sy gl aee b oAl sgrg lanl Gl as laonyy
obiiie 5 0,5 oo S0 50 1) Wl ge 0925 @ Llzs o5 =3 e
b ogee (Solaod )0 b iih, go2d ol (055ug,Se
ol o Gloo liie )3 B oo ladign (Sl g Wm0 jix 5,
(g Sle wlde ;0 0BVl 5 S Sn, sl
55 g0 48,5 Sl 5 a5, o]

2P Ko g by 0,5 b b 05 ey gl 4 ol
B R b T L T RIS BUREIEN So
Sgrg d Slazg ol Sl JSD s b olyen o]
Ay alansly 4 0a0 (plogd co 03sel oy ol (bl odel
S Stdly S8y 31 50 Loy (yfosey o8 & 3
sliail el il sla IS poid jiin 0l 0ed oo
3958 CanSd a2l 9 g Lo i

~ SVl s )3 055 ol g3l (sl 955
Lo e Cptlodlive ol ons @) alizee sla Joe Sidly
Sy (Salosge i pllbeds panl g S glae p
by o Jow o 5 Jglae 5 SO el onls Ly JB o s
500 9 g9 gy aalsl o 5 0ud olpi iy (VAAD) =
ool s, sl lal e Joe ol V] ol adl anwgs ylaions
$F )5 L ool (gl e g 00,5 W) oo S
i sl el ool [T w ools pess 5 Gleos
) edig s (s Sxe (6,55 oLt )0 0 ol 0,
L LF] et oslial o (i sboo )57 51 5, bens

7 5olaih ¥ 593 ATAY gy s (59 g0 S8 (vditn



Al ol> sla

ceed @uBo (g G gl gous (gilwand

oo w580 398 alysS SYslas 5l gy 655 1RSI L
Sla St s ol 50 pd ol - Sy - Syl
Slime B 53 aly » 358 sl e sy Sz oS
AP K I PRNETE USSP INE JE0Y PRCIL TN
Lol oads Ly eols (ool 02,15 (Slewlns atunindly
Seimdly w55 ol e 4y 358 0,55l ool
~ SVl Jae o5 e gu i -0 5 Sgamme o i ,S
Cowdty S S SO ot S 50 ted ol S
5 adlin plonings g 151 558 080 Sl oo
Ulg mi oS ool VY] el oa s e o LSen
PSS 5 Gl S oS £, el 03 (e
D Ty S G JSs Sess b o IS sleaal 3 o

2 gyl ¥
5 cmwbio (g i S Jdo any SV 0¥y 8 b oplyo
ploul Lot Glsasl 5,5 20 S0 mlio [0 awg 9,8
e S ol 5L o 125 g0]
s 23 (b oy JouB 5l oole (Sl ples i B
plael L aizred 0l s Slacad SIS a0l g 4l
(g IV 35 ) e 55 Say (s (S Giales)]
Foll a0 )3 Zlse sl IFYE Gl o D, ol S
J.o.?d oole aS" el LS“"’“J )‘..\M U")w wole LS;‘).?U w]
sleiolel ploml Ly 005 o5 S ,)l>o b odges
adlie (plodinns g5 Jawgs 398 (sla il Gund 29 9 (2520
5 Sule olym ) Jgao [VF] el onsy jasie o)) Kan 4

oo o olas |y o slaialey] 5l sael Cansds ol

SUVY oYs8 (6l sl § (Sl ol ) Jgur
g PR s e
i 7 o] Ay
Sy (MPa) i o j
(MPa) (MPa)  (MPa)

IFYE Ye(g)™ YIOYY  YAY 104 YA

(GPa)

Sguxo sl 321 g jlwanls ¥
A el py ] — by — Sl alysST o v 55!

el S Ojge 4 Shn G USS s (555 ol e

7 5olais ¥ 593 AYAY sy (59 g0 S8 (wdidn

ol Tads ol (50 5 0dud el 0lge (6l (s 5L
398 nSaly | Hhe GRS L (B8 (25 a5 g5 5 00
(V) Sypo 4 G e (S 9 O (055 (A5 G abal, [Y]
D9l g0 By y3
(o2
1-D
e A4S ol 00lo cawl mie D (398 adoleo o

M

o=

s (00l a5 SalS 03le) Sy 5 (] (g0 00Le)
g g0 Sl (V) dolee S0 4
. .1 (XYY
D=y——| — M)
1-D\r
t)—‘ﬂ[”]y%yid)lfju%r""%ﬁ@Ysﬂ}
(V)A_EJ)Q)}_@:\_gjoéj_goéLa[\Y]vw]‘_gj)j‘b_lb)
gl o Ry

. . O-e
y20,0<0,y®=0 @zﬁ—(ayoﬁLR(g;))

O_2

2 o

Y =—8 [ (1+v)+3(01-2v)(—1)?

2E(1_[))2[3( )+3( )(Geq) ]
D)

u«a—a—l‘p—nlﬁu—' éll.! ‘“."-*-’)-“‘-.’ R Bgeq‘O-H ‘O-yosgeq¢®

O S« Sliwlgane o gl pudeud i Jolse
il o ool lor 5w )5 Al g Jolee S
Jeol> oy slagislesl 5l as aivn sols oy ool
78 g ) g ol (315 )2 s Gillae st e
goddh a8 S b 5 SO p i 0lge gl S el o ladses
D] 09 g5l (F) alaly 5l wilgs oo el

2
(o}

2E(1—D)2[3D] ®

&p

r =

Gl ad, (eild (e eild ool wl L pizmen
23l g J3le Stdly (955 5 Seedly sl S

il ol B S Bl s

‘C"‘eqzy £ 27}__ )

1. Effective Stress
2. Plastic Consistency Coefficient
3. Strain Energy Release Rate
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