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p}rOx@ 'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv pmWQ}}eD R= TB xa]k
`=iDQ= QO Vy=m OYQO60 Oy=W DEFORM2 Q=Ri=sQv Q=mOwN OOHt |Ov@Vt
Q=JO x@vU xWwo |m}ORv QO =yu=tr= R=@ |rw "s}DUy Vt G=Hwa= uwO@ Q=m xa]k
QO O=R; |=yRQt pmW Q}}eD |ak=wQ}e |v}@V}B u}= R= QDsyt w OvwW|t G=Hwa=

"�17 pmW� CU= x}L=v u}=

[6]"x@vU Pwiv Ov}=Qi |=Q@ u; u=mt Q}}eD ?ULQ@ x@vU |wQ}v Q=Owtv "14 pmW

"DEFORM2 Q=Ri=sQv QO OwOLt <=RH= pOt sQ=yJ l} "15 pmW
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}=Qi
|R=

Ux}
@W

"x@vU Pwiv Ov}=Qi QO Vt CmQL |xwLv "20 pmW

"x@vU Pwiv Ov}=Qi QO QF-wt |Q}tN VvQm `} RwD "21 pmW

=Q �19 pmW QO ED \N� Q=R@= w Q=m xa]k u}@ RQt "Ovvm CmQL |Owta |=DU=Q
"s}yO|t Q=Qk CaQU |RQt \QW u; |wQ Q@ w 'xDiQo Q_v QO 25xOvRer RQt

p=ta= w Q=m xa]k |yOpmW |ovwoJ l}D=DU=x@W Cr=L |=Q@ 20 pmW QO
xO=t xm u}= x@ xHwD =@ "CU= xOW xO=O u=Wv T=tD u=tr= |=H x@ |RQt \}=QW
Vt CmQL C}Y=N R= xO=iDU= =@ w Ovm|t CmQL GQ=N CtU x@ x@vU Q} R QO
|ki= C}akwt QO x@vU Q} R QO =yxQo =D xOW P=ND= |@}DQD 'ABAQUS Q=Ri=sQv QO
QF-wt |Q}tN VvQm `} RwD 21 pmW "OwW pOt ,=k}kO T=tD |x}L=v w Ovv=t@ C@=F

"OyO|t u=Wv =Q l}D=DU= x@W Cr=L |=Q@ x@vU Pwiv |yOpmW Ov}=Qi QO
|=Q@ 'pOt |v}}=B |x@r |wQ RU}=tuwi VvD |vLvt |}=Qoty 22 pmW QO
"CU= xOW |UQQ@ 640 w 480 '240 '160 '80 '40 u=tr= O=OaD =@ pOt VW
480 O=OaD uDiQo Q_v QO =@ xrY=L G}=Dv 'OwW|t xOy=Wt pmW u}= QO xm u=vJ

"ABAQUS Q=Ri=sQv QO ALE VwQ R= pY=L VvD |}=Qoty |UQQ@ "22 pmW

"x}rw= OwOLt <=RH= pOt w xUOvy "19 pmW
"x@vU Pwiv xr�Ut QO Q=m xa]k |O=t C=YNWt "2 pwOH

Q=Okt QDt=Q=B
200 Gpa |v=UWm pwOt

7830 kg/m3 |r=oJ
250 Mpa x}rw= s}rUD VvD
1 Gpa |Q}tN pwOt
0 3 uwU;wB C@Uv

xO=O u=Wv sUH R= x}rw= OwOLt <=RH= pOt w xUOvy 19 pmW QO "OwW|t pOt R}r=v;
|]N |oOvwWCNU =@ |Q}tN� |v=UWm CQwYx@ Q=m xa]k |xO=t "CU= xOW
VwoQ=yJ u=tr= w R}U=tuwi s}rUD `@=D R= R}v p}rLD |=Q@ "OwW|t pOt OQou=Uty
x�=Q= Q=m xa]k |O=t C=YNWt 2 pwOH QO "OwW|t xO=iDU= CPE4R pw= x@DQt
Q_v QO l =m]Y= uwO@ =Q Q=m xa]k w Q=R@= u}@ T=tD K]U u}vJty "CU= xOW

"s} Q}o|t
R= xO=iDU= =@ l =m]Y= uwO@ T=tD Kw]U =@ x@vU Pwiv Ov}=Qi |R=Ux}@W QO
x@vU w Q=m xa]k u}@ pN=OD |R=Ux}@W |=Q@ |U=tD u=tr= xvwoI}y R= 'ALE VwQ
x@vU Q} R |=yxQo |wQ CaQU |RQt \}=QW p=ta= =@ x@vU CmQL w 'xOWv xO=iDU=
lQDWt pYi QO OwHwt |=yxQo 19 pmW x@ xHwD =@ xH}DvQO "CU= xOW |R=UpOt
|DQ=@ax@ w Ov=|Sv=Qo q CmQL |=Q=O Y |=DU=Q QO �ED \N� x@vU w Q=m xa]k u}@
QO xm |}=yxQo |x}k@ w =yxQo u}= CmQL "Ovvm|t CmQL V |va} x@vU CaQU =@
"OvwW|tv =Hx@=H w Ov=C@=F |va} 'CU= |Qr} w= X CyH QO OvQ=O Q=Qk x@vU Q} R
pOt |DUQOx@ pmW Q}}eD Ov}=Qi pw] QO T=tD |RQt \QW xm OwW|t Ea=@ u}=
uwQ}@ CtU x@ =yu; CmQL R= x@vU Q} R |=yxQo uOQmO}kt =@ Qo}O CQ=@ax@ &OwW
X CyH QO EO \N |wQ |=yxQo "OwW|t |Q}owrH T=tD R= uOW GQ=N w
|wQ |=yxQo CmQL "CU= ALE |twta CmQL |=Q=O 'Y CyH QO w '|Sv=Qo q
\N |wQ u}vJty "CU= |Qr} w= X CyH QO w '|Sv=Qo q Y CyH QO OA \N
VwQ |twta Q=DiQ R= 'X CyH QO w CU= |Sv=Qo q Y CyH QO =yxQo Q=DiQ 'AB

p=ta= 23O=R; |Q=PoQ=@ |RQt \QW CB w DC |=yRQt |wQQ@ "OvQ=OQwNQ@ ALE

|Sv=Qo q RQt Q@ Owta |=DU=Q QO O}=@ =yRQt u}= |wQ |=yxQo s=tD u}=Q@=v@ "CU=xOW
'Ovvm CmQL RQt Q@ T=tt |=DU=Q QO Ovv=wD|t =yxQo u}= Qo}O CQ=@ax@ "OvW=@
C}akwt w Q=DiQ ,=D}=yv "Ovvm C}a@D xO=t CmQL R= O}=@ RQt Q@ Owta |=DU=Q QO =t=
u}}aD u=vJ |tHL |R=UQ=wty VwQ R= xO=iDU= =@ x_Lr Qy QO pOt |rN=O |=yxQo
|=yxQo s=tD Qw_vt u}O@ "OwW ^iL Ov}=Qi pw] QO Vt uOw@uoty xm OwW|t
QO \ki Ovv=wD@ =yxQo u}= xm |Qw]x@ 's}vm|t 24O}kt |ki= |=DU=Q QO =Q Q=R@= Q} R
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|D=Q
@Ow

tLt
w|

v=y=W
=[Q

Q}t=

"x@vU hrDNt |=yCaQU QO |Q}tN VvQm `} RwD w pmW Q}}eD |xwLv "25 pmW
"VvQm MQv QF= uDiQo Q_v QO uwO@ x@vU Pwiv G}=Dv xU}=kt "3 pwOH

L (mm) H (mm) `HQt
36 5 11 0 [16]

43 11 0 [13]

37 75 11 5 [23]

39 6 10 7 j}kLD u}= G}=Dv

\}=QW p=ta= w CU= R=}v OQwt x@vU CmQL u=}@ |=Q@ T=tD sD} Qwor= ,=}v=F &O@=}|t
CmQL KQ] |Q}oQ=mx@ =@ ALE VwQ QO "OW Oy=wN K}LY=v G}=Dv x@ QHvt |RQt
p=ta= CaQU |RQt \}=QW p=ta= =@ ,=t}kDUt =Q x@vU CmQL u=wD|t XNWt Vt

"OQm |Q}owrH R}v Vt G=Hwa= R= w OQm
`=iDQ= QFm =OL w �L� Q=m xa]k|}=yv pw] OwW|t xOy=Wt 25 pmW QO xm u=vJ
|=yCaQU Q}F-=D CLD xm CiQo Q_v QO |O=a@= u=wvax@ u=wD|t =Q �H� Q=m xa]k
uO=Ou=Wv |=Q@ QDt=Q=B wO u}= R= =Pr "OQ}o|t jraD =yu; x@|Dw=iDt Q}O=kt x@vUhrDNt
|=Q@ =yQDt=Q=B u}= |xR=Ov= 3 pwOH QO "CU= xOW xO=iDU= |m}t=v}O |Q=PoQ=@ QF=
x}rw= `=iDQ= Vy=m R= Oa@ pmW Q}}eD w v = 60 m/sec =@ Q@=Q@ x@vU CaQU Cr=L
`=iDQ= xv}W}@ xJQo = "CU= xOW xU}=kt Cq=kt QO OwHwt G}=Dv =@ OYQO60 =@ Q@=Q@
xa]k |=Q@ |R=Ux}@W u}= QO xOW x@U=Lt |}=yv pw] =t= 'CU= Qo}O `H=Qt R= QDsm
OQwt |=yu=tr= O=OaD xm OQm xQ=W= O}=@ xJQo "CU= Qo}O `H=Qt u}ov=}t =@ Q@=Q@ ,=@} QkD

"OvDU}v u=Um} `H=Qt u}= QO =yu=tr= x@DQt u}vJty w |R=Ux}@W |=Q@ xO=iDU=

MQv C=QF= uDiQo Q_v QO =@ x@vU Pwiv Ov}=Qi |R=Ux}@W
ALE VwQ R= xO=iDU= =@ VvQm

=@ =t= |m}t=v}O Cr=L QO |r@k VN@ QO xm �� x@vU Pwiv |xr�Ut VN@ u}= QO
,=OOHt VvQm MQv QF= uDiQo Q_v QO =@ �� Ow@ xOW pL MQv R= pkDUt |O=t Q=DiQ

"ABAQUS Q=Ri=sQv QO ALE VwQ R= pY=L |wQ}v|}=Qoty|UQQ@ "23 pmW

"Q=m xa]k `=iDQ= Vy=m ?ULQ@ x@vU |wQ}v |vLvt "24 pmW

|}=Qoty 23 pmW QO "CU= xOW =Qoty G}=Dv w CU= u=Um} ,=@} QkD u=tr= 640 w
"CU= xOW |UQQ@ u=tr= 160 w 80 '40 u=tr= O=OaD =@ pOt xU |=Q@ x@vU |wQ}v
|=yu=tr= O=OaD =@ pOt xU u}= |=Q@ xOt; CUO x@ G}=Dv xm OyO|t u=Wv Q=Owtv u}=
|wQ}v |}=Qoty xm Cio u=wD|t Q=Owtv wO u}= xU}=kt =@ "Ov=u=Um} ,=@} QkD hrDNt
CUO x@ �22 pmW� VvD |}=Qoty x@ C@Uv |QDsm u=tr= O=OaD =@ �23 pmW� x@vU
=@ ABAQUS Q=Ri=sQv QO ALE VwQ R= pY=L G}=Dv 24 pmW QO "CU= xOt;
xOW xU}=kt DEFORM2 Q=Ri=sQv R= pY=L G}=Dv R}v w [6]u}W}B OwHwt G}=Dv
|=DU=Q QO =yxQo u}= CmQL R= |Q}owrH w x@vU Q} R |=yxQo uOQmO}kt p}rOx@ "CU=
"OwW|tv xOy=Wt ALE VwQ R= xOt; CUO x@ |wQ}v QO |v=Uwv xvwoI}y |ki=

"OwW|t xOy=Wt [6]OwHwt G}=Dv =@ G}=Dv u}= u}@ |@ wN Ck@=]t u}vJty
=@ Ov}=Qi u}= 'Q=m xa]k pmW Q@ |m}t=v}O C=QF= Q}F-=D |xwLv |UQQ@ |=Q@
Q=m xa]k |}=yv pmW |xU}=kt "CU= xOW |R=Ux}@W x@vU hrDNt |=yCaQU

"CU= xOW xO=O u=Wv 25 pmW QO hrDNt |=yCaQU QO
2 m/sec R= QDsm |=yCaQU QO xm OyO|t u=Wv xOWs=Hv= |R=Ux}@W
u=R}t O@=} V}=Ri= x@vU CaQU Qo = =t= 'OQm Q_vhQY |m}t=v}O C=QF= R= u=wD|t
Q=WDv= |=Q@ |QDsm u=tR =Q} R 'Ovm|t Q}}eD hrDNt |L=wv QO |Q}tN pmW Q}}eD
xDU@=w Q=m xa]k |}=yv pmW Qo}O CQ=@ax@ "OQ=O OwHw Q=m xa]k QO |Q}tN Gwt

"CU= x@vU CaQU x@
|DqmWt =@ |Sv=Qo q VwQ =@ p�=Ut xvwou}= pL xm OQm xQ=W= O}=@ =Hv}= QO
CQwQ[ Vt G=Hwa= R= ?=vDH= |=Q@ QQmt Vt O}OHD ,qw= =Q} R 'Ow@ Oy=wN x=Qty
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=yOv

}=Qi
|R=

Ux}
@W|=Q@ |O=t C=YNWt w '15 w 14 \@=wQ QO xO=t |=yC@=F "CU= |DNU VvQm

[8]"CU= xOW xOQw; 4 pwOH QO OFHC Tt
p@k CtUk QO x@vU Pwiv |xr�Ut Ovv=ty Q=m xa]k w x@vU u}@ |U=tD \}=QW
|=Q@ pmW Q}}eD Ov}=Qi pqN QO pO=at |Q}tN VvQm `} RwD 26 pmW QO "CU=
v = 60 m/sec Q@=Q@ x@vU CaQU |=Q@ w 'MQv x@ xDU@=w 'MQv R= pkDUt |=yCr=L
15 s}rUD VvD |xrO=at R= VvQm MQv R= pkDUt Cr=L |=Q@ "CU= xOW sUQ
|xWwo R= |Q}tN VvQm OwW|t x_Lqt pmW QO xm u=vJ "CU= xOW xO=iDU=
C=QF= uDiQo Q_v QO =@ u}vJty "O@=}|t VQDUo w OwW|t ẁQW Q=R@= CU=Q CtU

"CU= MQv R= pkDUt Cr=L R= QDQ=wty =yx@r QO pmW Q}}eD 'MQv
wO QO x@vU hrDNt |=yCaQU =@ |R=Ux}@W R= pY=L G}=Dv 27 pmW QO
|}=yv pmW u}vJty "CU= xOW xU}=kt VvQm MQv QF= x@ xDU@=w w pkDUt Cr=L
x_Lqt xm u=vJ "Ov=xOW xU}=kt sy =@ u; uwO@ w MQv QF= =@ |=yCr=L QO xa]k

Cw=iD u}= =@ CU= |r@k CtUk Ovv=t ,=k}kO |RQt \}=QW w xUOvy "OwW|t pL
R= hOy "CU= xOW xO=iDU= 26lwm� uwUv=H |xYNWt |xrO=at R= =Hv}= QO xm
"CU= [8]OwHwt G}=Dv =@ xrY=L G}=Dv |xU}=kt xYNWt |xrO=at u}= R= xO=iDU=
=t= 'CU=tO w |Q}tN VvQm MQv '|Q}tN VvQm ?Q[pY=L CQwYx@ xrO=at u}=
|xYNWt |xrO=at u=}@ |=Q@ 14 |xrO=at w OwW|t Q_vhQY =tO QF= R= =Hv}= QO

%OwW|t xO=iDU= l}DUqB wmU} w

� = (A+B"np )(1 + C ln _"p
_"0

) for _"p � _"0 (14)

� = (A+B"np ) for _"p < _"0 (15)

'`HQt VvQm MQv _"0 'VvQm MQv _"p '|Q}tN VvQm "p 'pO=at VvD � 'u; QO xm
|=tv n w 'VvQm MQv |DNU Oa@|@ ?} Q[ C w |DNU VvQm |=yQDt=Q=B B w A

"pmWQ}}eD u}L QO pO=at |Q}tN VvQm `} RwD "26 pmW

"x@vU hrDNt |=yCaQU QO pO=at |Q}tN VvQm `} RwD w |}=yv pmW "27 pmW
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|D=Q
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tLt
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v=y=W
=[Q

Q}t= j@=]D "CU= xOW xU}=kt [8]OwHwt G}=Dv =@ |R=Ux}@W u}= R= xOt; CUO x@ Q}O=kt
CLY Qou=Wv u}= xm OQ=O OwHw [8]OwHwt G}=Dv =@ xrY=L G}=Dv u}@ |@ wN ,=D@Uv

"CU= ALE VwQ R= xO=iDU= =@ Ov}=Qi u}= |R=Ux}@W

|Q}oxH}Dv
R= xO=iDU= =@ nQR@ |=ypmW Q}}eD =@ p�=Ut |R=Ux}@W CqmWt R= |}=yxvwtv
'wQ}v u=Uwv 'Vt O}OW G=Hwa= %R= CU= CQ=@a |Qr} w= w |Sv=Qo q |=yVwQ
'Vt O}OHD CQwQ[ 'R}Dlwv |=yxWwo QO |U=tD |RQt \}=QW CUQO=v h}YwD
ALE |Ov@pmW R= hOy "O=R; |=yRQt QO xO=t |xaUwD |R=UpOt u=mt= sOa w
?}=at uOv=UQ pk=OL x@ w |Qr} w= w |Sv=Qo q VwQ wO |=}=Rt R= xv}W}@ |xO=iDU=
u}= Q@ xwqa ALE VwQ QO xm =vat u}O@ "CU= x=oO}O wO u}= ?}mQD j} Q] R= =yu;
Ov=wD|t R}v xO=t |=yRQt 'OvwW|t pOt |DL=Qx@ nQR@ |=ypmW Q}}eD =@ p�=Ut xm
|@ wNx@ R}v =Q VvD p=kDv= |xJN} Q=D u=wD|t ut[ QO "OW=@ O=R; CmQL |=Q=O

"OQm |R=UpOt
|R=Ux}@W ALE sD} Qwor= R= xO=iDU= =@ |yOpmW Ov}=Qi wO j}kLD u}= QO
xOW xU}=kt Cq=kt QO OwHwt G}=Dv w |Sv=Qo q G}=Dv =@ xOt; CUO x@ G}=Dv w xOW
xO=O u=Wv nQR@ |=ypmW Q}}eD =@ p�=Ut |R=Ux}@W QO VwQ u}= |q=@ C}r@=k w
CLD |xr}t |a[wt pmW Q}}eD |R=Ux}@W R= pY=L G}=Dv |xU}=kt =@ "CU= xOW
|xv} Ry Cio u=wD|t ALE w xOW s=ovyx@ |Sv=Qo q VwQ wO R= xO=iDU= =@ VWm
"CU= QDsm Q=}U@ xOW s=ovyx@ |Sv=Qo q VwQ =@ xU}=kt QO ALE VwQ |D=@U=Lt

"MQv x@ xDU@=w Cr=L QO x@vU Pwiv xr�Ut |O=t C=YNWt "4 pwOH
Q=Okt QDt=Q=B

124 Gpa u=UWm pwOt
0 34 uwU;wB C@Uv

8960 kg/m3 xD}Uv=O
90 Mpa A

292 Mpa B

0 025 C

0 31 n

1 0 S�1 _"0

"VvQm MQv QF= uDiQo Q_v QO =@ x@vU Pwiv G}=Dv |xU}=kt "5 pwOH
L (mm) H (mm) `HQt

34 97 12 85 [8]

36 70 12 11 j}kLD u}= G}=Dv

x@ =yx@r QO QDuoty pmW Q}}eD w QDQ=wty pmW MQv QF= uDiQo Q_v QO =@ OwW|t
"O};|t OwHw

wO R= u=vJty [8]=yj}kLD Qo}O G}=Dv =@ xOt; CUO x@ G}=Dv |xU}=kt |=Q@
xm |Dr=L |=Q@ '�H� Q=m xa]k `=iDQ= xv}W}@ w �L� Q=m xa]k |}=yv pw] QDt=Q=B
5 pwOH QO "CU= xOW xO=iDU= CU= v = 60 m/sec =@ Q@=Q@ x@vU CaQU

=yCWwv=B
1. mesh distortion
2. arbitary Lagrangian- Eeuler (ALE)
3. mesh connectivity
4. hyper elastic -plastic
5. hypo elastic -plastic
6. material domain
7. spatial domain
8. referential domain
9. convective velocity
10. material time derivative
11. referential time derivative
12. Couchy stress
13. operator split technique
14. convection phase
15. smoothing phase
16. volume smoothing method
17. Laplacian smoothing method
18. equipotential smoothing method
19. Kikuchi algorithm
20. �ne mesh
21. coarse mesh
22. automatic remeshing
23. traction free
24. ALE adaptive mesh constraint
25. sliding boundary region
26. Johnson- Cook
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