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KEYWORDS ABSTRACT

Deep drawing, The deep drawing process is one of the most widely used metal forming methods, which is widely
Optimization, used in the mass production of parts. The earring defect has always been one of the defects in deep
Earing _defeC_ts, _ drawing processes, which increases material waste and decreases the production speed of parts.
Numerical simulation. This phenomenon is caused by plane anisotropy resulting from cold rolling operation. One of the

methods to reduce the earring defect is to optimize the initial plate. In this article, with the help of
optimization of the primary plate, the earring defect in the deep drawing process of square sections
made of SAE 1015 steel has been significantly reduced. For this purpose, the initial plate made of
SAE 1015 steel and the deep drawing process are simulated in Abaqus, and then by using the
specified objective function, the primary plate is radially optimized in certain directions. Finally,
by comparing the results of simulations and evaluating parameters such as; changes in thickness,
distribution of stress, and changes in strain, it was found that in case of using the provided optimal
plate number 2, not only the earring defect is significantly reduced, but also the plastic stress and
strain in the plate is placed in an optimal state.

Extended Abstract

1. Introduction

other words, this is the process of changing the shape of flat blanks into hollow parts and volumes, which are used
to make parts with different shapes [1]. The deep drawing process is one of the compressive and tensile deformation
processes. Equipment and parameters affecting the deep drawing process include; Mandrel radius, mold radius, the distance
between mandrel and mold, mandrel speed, lubrication, and type of metal flow inhibition [2]. The earring defect of the upper
edges of the deep drawn parts is not completely smooth and waviness can be seen in it. This defect is caused by sheet anisotropy.
Often, the mechanical properties of sheets are not the same in all directions, and as a result, sheets show anisotropic behavior
in most forming processes. The phenomenon of earrings is an undesirable phenomenon that attempts to eliminate or reduce is
observed in most of the shaping researches.at the same time, and also the authors will be responsible for the accuracy of the
content mentioned in the articles.
Kishor and Kumar [4] by changing the anisotropy values in the three directions of 0, 45, and 90 degrees compared to the
sheet rolling direction. They found when the extra material in the direction of 0 and 90 degrees is removed from the initial
blank, the earring defect was dramatically reduced in the optimal blank. Park et al. [5] proposed a new method to design the

D eep drawing is one of the sheet metal forming processes in which the sheet is drawn radially into the forming die. In
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optimal blank using ideal shaping theory and path repetition method. Zaky et al. [6] obtained an optimal shape to blank
cylindrical parts by using theoretical relationships. Shim et al. [3] proposed a method to design the initial blank of the deep
drawing process for parts with a non-circular cross-section. By examining the results obtained from this method and the results
obtained from the experimental test, it was found that this method can optimize the initial blank.

Sharwari et al. [7] researched on minimizing the earring defect in polyhedral parts and reported that the initial blank with
a circular cross-section creates the least earring defect in forming 8-sided cups. Chen and Sowerby [8] predicted the behavior
of earring defects of the cylindrical cups' deep drawing process by studying the slip field pattern that does not deny Hencky
equations. Using the finite element method, Yang and Shyu [9] found that if the optimal blank is used, the height of the square
cup becomes more uniform and the earring defect is significantly reduced. Pawan et al. [10] studied the finite element
simulation of the deep drawing process to minimize the earring defect in cylindrical shaped cups and it was found that the
height of the earring was reduced if modified blanks were used.

2. Numerical Simulation

In this article, using Abaqus software, the process of deep drawing of a cup with a square cross-sectional surface is
simulated in three dimensions. In simulating the deep drawing process, defining the relationship between the mold components
is one of the most important parameters of the process. The contact used in this simulation is surface to surface type. The crucial
point is that the process can be solved by a static-quasi-static solution. Therefore, the dynamic terms should be removed in the
explicit solution method. If the deformation time is considered large enough, then dynamic effects can be neglected. The process
components such as; blank, blank holder, die, and punch were modeled in three dimensions and in dimensions according to
Figure 1. It should be noted that due to symmetry in process geometry, boundary conditions have been applied for only a
quarter of the real model.

Figure 1. Geometry and dimensions of the mold parts; a) Blank b) Blank holder. c) Die. d) Punch.
3. Optimization

In this article, in order to design an optimal blank, a specific objective function has been used. According to this method,
the initial blank is radially divided into equal parts, and then the intersection of the dividing lines with the objective function
and the result obtained from the deep drawing of the initial blank is determined. By measuring the difference between these
points and applying it to the path of the objective function, the optimal blank number 1 is designed.

In the next step, again, the result obtained from the deep drawing of the optimal blank number 1 is divided into equal parts
and compared with the objective function. By measuring the difference between these points and applying it to the path of the
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objective function, the optimal blank number 2 is designed. Figure 2 shows the shape of the optimal blank number 2. Finally,
by performing a numerical simulation on the optimal blank number 2, a square-shaped cup according to Figure 2b was obtained,
which has fewer earring defects than the optimal blank number 1 and is closer to the shape of the objective function.
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Figure 2. Optimal blank design number 2; a) the difference between the objective function and the optimal blank number 1. b) The
cup resulting from the simulation of the optimal blank number 2.

4. Conclusion

According to many applications of the deep drawing method as a forming process, in this article, with the help of Abaqus
software, the numerical simulation of the deep drawing process of SAE 1015 steel square sections is done, and in the next step,
an objective function of the initial plate shape is used in order to reduce the earring defect is optimized. This is because earning
defect occurs due to planar anisotropy in the primary plate. By using this function, the initial plate was radially optimized in
certain directions, then by re-simulating the deep drawing process, it is found that if the optimal plate is used, the earring defect
is reduced. In the following, parameters of thickness changes, stress distribution and strain change on two different paths of
optimal plates are investigated. By Studying the 3 optimally designed plates, it is observed that optimal plate number 2, in
addition to reducing the earring defect compared to optimal plate 1, reduces the plastic strain and stress during the process
compared to optimal plate 3, and as a result, it is considered the ideal optimal plate.

Mechanics of Advanced and Smart Materials Journal 3(1) (2023) 67 — 82



AY G2V Slrio 168 Jlu Y 6,leis ¥ 093 cioibg 5 438 piinyy Slgo il

\ra. YYAY-FYYe Lo

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

2iouiigs g aid ity 3lgo Swlss els dlxo

Salyd 50 (sloylasS e (9 S jaliods adgl Zod JSCb (g3ue (g5l

SAE 1015 SGjuus oY gd o2 po gblio (5 "y

2o0ly a0 (G dazme P55 Dlo (g & Zges wle ‘*%So}o Solews

| S99l Gge

Chavoshi.mahdi67@yah00.com « ! « ST « ST, axly (oDl 83T olStils (SilSo  waign 0aSiisls Sl (cmvdigeo 09,5 ) saliis 15

s.mazdak @tafreshu.ac.ir oyl pl oy ,35 o 4,85 ol8ails ¢ pwiige 5 (8 0uSiils (SilSe cwaige 05,5 ¢ Loliwl =

abbas.amoochi97@gmail.com )l ! « ST, STl olRiils g 5 (59 0aSiils «SHle  cwdiges 09,5 s )| cwlils S°E

Olot) el s el dzlys o oSl (SKle i 00Kl iy 5 il wsiige 09,8 syl slid IS

mahdi-bayat@email.kntu.ac.ir

m-najafizadeh@iau-arak.ac.ir )|l « STl ST, alg oMol 83T ol «SSlSo  caviigo 00l olias! °

RN

Souls (519

o9l Algi )3 00 S & jgods a5 WDl oo (B)5 (BISSD mie Sy, 5 (o Bres 1S W08
oimisS Glranl 3 10 7 dae Cgas lo)lgen o (glo,lei65 Basay 10,8 o 1,8 colaiwl 050 lalad
Al eanan cpl 00,8 oo Dlahd a g e (1alS 5 0lge 3;500 (ialEl Coge AS 035 Gaes
(loylaingS o malS slo g, 5l (S 0gu g0 Sloul 8 s 8598 Dliles 5 fol> lazian (69, SKluanls
oS aulyd 50 (lo,lg g o adsl Zol (oilwdigy oS @ dllie ol jo cel adgl 7o) (o 5laige
sbie ol gl ol adl, 2alS (6,5 i S i 4 SAE 1015 o¥es iz 5l oxpe ablie Gaos
L aolol )0 g o (g5lmdnss ugSLT 580 5 5o Gaas S oiul,8 9 SAE 1015 s¥gd i 5l adgl 24
b Coles o ol digy (et Sy )0 olad O jsod adgl zg) (atin Bua AU (6,8 S
(GRS Sl g S e eelud Sl (ezen pla el (o p g s jland S A lie
oS iz 5yb a4y (slojladsd e Lias oals )1 Y o lals dige 29 5l ooliinl O jg0 yo AT 0l adein

DS o0 )P d Sl o ) 55 (Sl (955 5 A aSh el oo alS

3wt
«slo)lgsS e
gdue g jlwdnds

VERIoY oA sl o &y )6
VX ¥V A 55k )b

AL 13 WAL WA YR VP TR )

Aoddlo - )

Dy on 0SB 0ja (9,0 & i bawgs 359 01 53 4T Sl 3 slagsyg (Ao USE Bl S T Geee 208

5D i3 Sloanl b c52 Geee GRS wnld )] Wadoo sl o5 Ty IS0 i 5l JB g ol wnld al )
alols (B plad i glad 1 ol roe (225 0l 2 S5 slayelly g Sl 098 o0 Do (LAES 5 (5Lud
@ Olfse Bros GRS 9l 50 saelogzoar wses 5IT] cel 518 0l 2 0gm 5 )05, i ey B g ats

! Deep drawing
2 Blank

+AA- DVAVPYF e+ Q cyali ¢ Jghs odiun g
s.mazdak@tafreshu.ac.ir : g 2SIl Cuny (o]



mailto:s.mazdak@tafreshu.ac.ir
mailto:Chavoshi.mahdi67@yahoo.com
mailto:s.mazdak@tafreshu.ac.ir
mailto:abbas.amoochi97@gmail.com
mailto:mahdi-bayat@email.kntu.ac.ir
mailto:m-najafizadeh@iau-arak.ac.ir

V) ool (Ao g oo 53135 Ol (G0 (o 908 ol (5050 Sl ((Shgglr g0

Lo LIS e L slad (05 sl o2 s o L1155 0,517 o el fyisf 5 St T 5 T S r
4 Boes szl ol 5o sadosliul 3,9 098 oo Sl 5,9 Y (60, Kluadls 1 10 ek pl.ogd oo 02 ] j0 ge g 039S
5% 9 8l OlSy alidee laliul, ;3 (59 Sloogas 45 998 o0 s B9y () 4 (35 W95 S5 o0 S5 S 9,95 s
Ol Gl b Bds (sl (I3 oS 00 sllasl sdy o (0B (slo)lpdsS oy 09h oo Slml 8 Slueal Cosl> 355
T Adgl IS8 (siluaingy S 4 cai o o imghy Baes (6 S rems Ll (il )3 35800 (gL solatl 480 o
B33 lage s tels atete 28 e Slaghs) Slies (g Axkad ods e GRal3EN g Slse 5550 Rl jglaeas
b9y T lossl (2SS gy M GugSas g N ogamme slizl Jelod SaS 4y Uasgyges] B9y s SBISS g,
IS (5l 4 [F] JlegS 5 59t [Tl 08 5" ol o gy ¥ e S50 (g, MM @ 55 b0,
53l 5 00 ras LAS aisld (3l b o] Arisls ;i S sladliol Slaksd faae ES anl 4 gl s
b G2t sl B3 1 L Lagyl aalol 55 00,8 (gusy 2 1y ros (225 il ol 1o 0lge b2 lnls ol
bl jo aslsl olge ¢ 5,9 0,90 Glwl, & Cand az,0 90 5 FO o liwl, aw ;o (60, Sluwal polae ;o b Koo leas
Bl J1als g pSedn jyb 4 glolpdsS ue ol 10 a5 Gl o) 4 ;e 5 00,5 Bl adgl gl Sl Az 0 e g
95 9 Jlonl (2o USs (5,55 il oolil L g o) Ak pshate 4 s (s, [0] O)Sen 5 Sl aidly cuss g,
bl p adsl zgd (ol alyo 50 il ould JSCas al> e 93 5l dinge gl (b (hg, crl o w0 S sty e 1SS
syl iy 6Nt g s 55 gy 51 o5l ) ) g3 oo 35 oo Jlo] 3 IS 595
1 sy 35 5 s ) 5o 5 oiin sl schan S5 5 adl ) el b i, 0l 3 ol ki
5SS bt sl o3gamme f Uas a5 ey b ot S5 Iodme bg, el ety oibe, Bl lizmen IS (glls
UK 455l b sl 5 42y IS8 e alolin ) i £ 250 ol & oS 5 5l A5
s S gyl lalsd =gl gl cglaigs U5 4 6595 Loy, 51 onlitl U [F] o Kam 5 ST il anssd g) i
by ekl S i 0 1, (slolebeS b, aiadlys g3 glagyg 45 68, Slaenl Lplss dalllas b LT aizily
e G 5 3] B slae 3555 o5 0 salie i £) (655 b il o ) B S5 4 5 sl
ot 30 1 ol gm0 05 il a] i bl e RIS saseionsl 5 (1SS oV o U5 sl
idsl zsd >k sl 59, [T] Ohlon 5wl b oo St Vb (69, 0benadls Ceond ghilo I3 55 (225 Slacnns 0>
Seslins Jdow oS S sl eolanl b g, ol 5o 2038 )5 slpiien sopls i ahate mhaw L Olaad s S aul)8
Az (6338 Oy g0dy S ol (48551 s s (6l .l o] s 4y S Cole PAM-STAMP o6 L Voo o
S oS 0 o S a5l iy ol il litans als 5 ol s o S i )
B 5 i, 0l odalanst Gl oy bl o Sl iged ol S5 L ol o N S 5yt ol
a0 595 2 V] Lo 5 ()55 S atge ) adsl o) Wlgi oo 295 a1 s, (45 05 (et (08 93] 5l el
Ok Bag 235 53 (ool St G lprear ]y (60, K0luenl 5 03,5 Briod (g Slakad )0 (slo)lgdeS e (35

3 Wrinkling

4 Tearing

5 Scratches

¢ Earing

 Anisotropy

8 Slip line field

® Geometric mapping
10 Trial-and-error method based on the FE
1 Inverse

12 |deal forming

13 Backward tracing
14 path iteration

15 Sensitivity analysis
16 LS-DYNA

" Dynamic explicit
18 Clover-shaped

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



SAE 101555505 0¥ gd o2 yo gblio e (S wisl B 55 5lo)laibsl cans (40 5 dioneS jgliioas addsl zgf Sl (o0 (gjlwadngy VY

290355 sy |y Giloderd Bt Jolye 10 olse Blz (s A Old S Gree GRES ileand b bap] s S
st 9 St Mailey 380 50 adsl oy gl U5 ez Gighy cnl po in)S (b |y aie zd) O ol
251 0)l5855 (nyeS s9nls ghaie o b adsl 29) 45 ol ()] S0l S5 Sz Gl (3loaned 5l Jol gl sl 0y
G Gl (g, jlesliinl b aise o JSAI (cmi b @ [A] (o)l 5 07 S (o0 0wl (2 A laglnid (aoSs
Atdlgs S ced a5 ) ¥ e Volee a5 533 e ool dalllas b Loy ] aiislsy (glamin S Slaogas 5
)o@ sy o2l 45 el 5L LS o i |y slilsinl (glaplonid aae LS ansld 5l Lol (sl lgeS L3,
2,5 eolaiul die zo) et sl Ol gy nl Sl iy AiS pe Alie Baas EAS S]E S o ) Lo llsS
o3l adlys IS8 (g pe Slaplod Bree (23S 9015 (gjludnd g 3900 sl (g, 625 54 L[] 52 5 S
aalol )3 s )18 sy 390 ge 25 SSTam g She (i ST (0SS (g, (Olod )] ) adsl 2g) S
bod alin (025 slagtles] 5| Jols @l b sgame shizl (g5l 51 Jrols @l e 29, ol (i sl pslacens
el | cdiag gl 3l ooliil Sjgo o oS Wb (et (0 (93] 5l Jol @S 5 by, nl 5l eseliesn mls o)
Skl @50 )0 (ol pegdle conl @il (22l8 (6 Sedr b & lo)lpdss s 5 0ad JSlpSy S8 (onye plnid
@[N] ohben 5 ool ol a8l 2alS 55 35e 16,5 2Slas g ke S iSTas (20 S (59, e i )
sy IS sl slalxid jo slojlaiisS Coe aile, PBlas 4 gl Gaes iiS 01,8 sgase sl g5luanls
o3llgsd (S (5958 slagyg oo 1y o)l el )| aiilys T LugSLT 38l 50 Bres (285wl (gileand b o]
et ooty ) S5 (5315 230 sl ly2sS cme 0IS 5 sty sobitets o] 3 0555 5l T s
6503l 5 (6 3lmtind b s 3ol gl gd T 60 Kiluoanl oy 5l o0l L s 5 0bpormns (5lce ead VY
oo oS £15 ) ot dol (slagg) 51 oolitis] g 5 45 A pmiie cosbMlol (glagsg) 5| Lol (sloo,lpiss glis)|
o ot S i ) USE e o) S (s34 [1)] ohfon 5 Spame ol ool iy salS
Yof a0 o¥sd pdilhan! 5, S Gres (il ol sgame syl (gluJon sly by, bl asle s 7T 8 Cllasl
S5 s 5 e 1 U5 o o) ) bt b 408 g allian 4 oS ) LusSLT s o
aloyo ¥ 5 zg) adl S wsiloniy gy o @11 L alsl 53 sl 00 ooy 05 S ke g 0l Sl @3
S 3 Virgr ol 5o Som Slabih sy 5 4] 23) U5 lotings oy 3 ooliial 85 0 e o 4
Ol 50 508 (o gl Gres (A5 A1 B )0 loleleS cos sl ) B ad lad g gl ad bt LSB[VY]
lalginl Booe (iaS anl3 )3 SlojlpdsS o el (daitn lp G iludnd (g So Ghe 9 Vlag hagl
2l s deglie 5 cuny 2 b 50,8 451 ogSLT sgamma 5l 15800 5 5l esliiesl b AALL00 5 AALOB0 pgeiosl] (slaiL]
SlojlgtsS o JSaT 5o B ad glad 5 acis ad glads a5 0d pastie wgamme sl iluand ) ol @bl 5 225
Al 3 0 7o) 00i0aSS (59 ki 150 (SloylpdsS e hals 4 VY] LKe g ol 5w sl S5 ol glis )l g
S s25 et SIS ) o305 (53,05 il s 45 il 5 5,055 b T a5 5 ons i
Syt g 0)lggS elis)| Jdg sy cyods (glo,lsdsS e Shals jglaiea aslol jo 00,8 qus) (osetragl] la3LIT o 1,
9 besS Cenlond (At dingy o) I0aKS (5958 9 48T 13 Jelodiga 125 990 0 l0aSs aliie (slag s T 50 Sl
ol sisle oy atiS 4l (gl lgdsS coe Al jplireds Bree (RAS anlE (go0e 5 (00 aslllae 4 [V ] ) Sen
055455 53 3 A8 3 4 o SISl 5 Sonl s slin sl 2y ok e sy 45
o £ otz B Sl Wl e )T ange Sl 5 009 F5e e ol oS85 50 55 Ayl g S )l (S 2]
255 dglio s DEFORM 3D 153l 5 10 war LS aislyb (6 hotead b K 5 jlosS aalsl o bl azls (go S

¥ PAM-Stamp 2G

2 Hencky equations

2 ABAQUS

22 Extra deep drawing

2 Anisotropy coefficient

24 Flexible micro deep drawing (FMDD)

Y oslous /Y 0590 INFoY Jlu /o 5 iyl Slgo Sl



VY 00l) (A gt oo 63155 Ol (G0 (7 908 oles (ST O 30 Solow (g9l G

258,5 ie (sloylgdsS e palS jslateds | gl 29l (025 slapialel 5l Jol> s L ol

ghio ly adsl zg) (gainge JSB Bun Bl lgieas aladie JSU (585 Ja3 1o by g 1,85 by, 5l ool b allie ol 5o
sS U IRl 5 58 S5t (om e @bolie Gaae (2usS ail B Il )0 cpal opl 4y (olitws (sl el onys 5 Jol> (S5 (om0
ashad ad po BWS! e g 00l ol ol Glacond a4 elad Ojgoas adsl zg) IS anlol o .l 0uls (g5luass
S Culgs o g 00,8 oy poss adgl 7o) IS (ST Jlade I L Gillae .l 0uls awlne Bun b L sl S s
Ll 00l i (glo)lglssS e 505 aeS (sl eslin adsl )

0 5o - ¥

Sl 5l el Dole (60, 5becanls 090 oo Sl 555 (69,5 luenl Sy ol (glojladsS Bayay wl axaS aS jshailes
Plo> 19 5o alls (e 5 KD ek 5 o35 S35 22 )98 Sldes e 4 [10] il Slea )3 osle (S (olo>
ol @ 053 51 o Slaeal (518, (poJSh slaanls Clel o by 5 009 Gl Slex plos jo o)y Sl
5 ails Lol laals o ,ufign b Samdly kb, 5 it olSoianl aiile SuilSe ols 3l 1 Oomortly 5,8 oo
69, 5lecanl (50 Lot (sl (V) alasly illas ™00 598 (St gy Al o rglite w35 g cilizes (glabinsl) &) o
[)0] 09 o ool (2iS iolosl 5l capd il et Gl 09 o oolazul
. 1n(WKO)

r=—= t Q)
o In)
0

Wo oo 03225 5l am B9 (2se WSl 55 € (o2ye (S Ew (83, Kkeeal (e 0 (1) dolas )
s o Sl 5:85 S ol Sl ool adsl )5 (258 o § (b 00etS w9 Sl i adsl Gy 25
515 60 Sleodl (5o Olyise «Siasdly IS5 yeds oK 50 o (p09 Sl 9 41 dzr i b aBlygod iy ISl S5
V0] 0,5 aculxe 3 (V) dolre

w
r:i_wz_s g—lmis:_ Ml/n(WO) l ™
¢ wT el ln(W—O) + ln(K)

b Vyora (52, Klanals (e wiunsl adyl (35 Jsbo do 5 50 02085 51 s 359 Jobo o« oo (25,5 &y () Wolna 50
Logie (59,5lenal ()0,5] s @ (gl o) S5 b Gallae S o kS (559558 S A S SRS (5031 plosil slaiel
358 lnsdls s g oupll (35 9,55 S Curmd 42,3 e 5 T 0 gz s ;0 (1S (53l JLoyi (g0 Sileanli
[V0] 085 o Jol> (V) dobes 31 Jbo

To + 2145 + 1
=0 Zs 90 ")

Tgg 94,0 FO Caz 10 (69,5l dys a0+ Caz 40 (60,5eal 7 (Jlbo b (69,Kbiorl 7 «Y) doles jo
Oygoind Jlop 68, Sleorl § 08 (slo)lgdeS (e LLS ) el (399,95 S 4 Somnd 4250 A0 Sz )3 (69, beneals
il dgiiys 5 0as acly 5 S e S 51 ol oot (slao faps o Jlayi (53,Silecesls i3l L oS o
53 5hcanl 5 s (5,55 (53 Silrosls ) ol ok sl oS s o st ol e (I3 b (sl fytsS
Sy on domle (F) Aolae 5l oolatul b oeS ol a5 aiil oo jui 7Y slaman

% Lankford coefficient
% Normal anisotropy
27 Planar anisotropy

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



SAE 101555505 0¥ g8 o2 po gbolio Gmas S Wiz b 55 (slo)lgites s (30 S dioneS jgliiods addsl g S5 (g0 gilwainty V¥

Ty — 214s + 7
Ar == )

90°  Rolling Direction

Sheet

mm—S— 1 0
]

DF] 339 039 S 4 Camnd alidio Ol 50 (69,55 bwodls duwloxo ) JSCi
Sous (5 3lwans =¥

SleB w08 5 65 0 Ll (Sl (555 sl 25,5 w0l (hat ue (18 ezran (LY & res IS W0) 8 Gpos

Silwso Sgaze ool laawaie 4 1) Gaes iiS anl P Lo dlllas Souzes cpl el o> sla Soimy slls g
&9 by, cirminlys a5 ol ool soliiul Grae dS a18 0 aale Lo ool ) S (280 Cz Slglh8 sla s,
ST 158le 5 sl ool b allie oyl jo ol 418,518 oolitul 090 jlaws pu3l sloans g oo Jl0,95 p glotng ol

Golwand Jolie anlol jo el ouls (giluacd gaman Ojg0a IS o2 ahato o b (loeid SO Gree iS00 )8
Sl 00 00l CJ""’ d..\.:|).9 u;‘

GilwJow =) -

VIS L Gl golal 5o 5 guman Ojpots a5 B 25655 sl z9) el 5 B iz peles Al el o
Feler e @lr b Lo, 38 08 5 550 Ll s il dsain 5o ()l o @ a5 el S8 @ p3¥ iad g3l os s
5 poisken V cualieis b JS5 onye 4ol 2o) Sgdce ounlie ¥ JSE 55 a5 jobilen ol ond (53w e «ondly Joro
Silodse (S8 i 99) o D90t izl plo S ol Jlo 0 cnl g 0o (iladoe & JSD i ©)500
iloas
Slge Slooguas -¥-T

SAE o, o¥g Sl Oluogas .l ool Sl SAE 1015 0,8 Vg8 uix 5l adsgl 7o) (g5lwanss ol o
Sl g9,k & jgoas adgl 7o) uiz danlol o el ool 03,51 Y Jgax 40wl sdalciwsay jiiS g0l 5l 45 1015
Sl g SVl o eole )8, ¢ Jlow (ol 655,00 b il i85 5la0 3 (6 e - o)l O jg0a plaJoloS
S (50 S g (3 )5 98 5 S9m (58 5l i 4

DV] s 9031 31 ovel wday SEA 1015 3Y b (Sl Wluoguas | Jgur

Sl 15 S wSlas B S ol B S o ks a5 Oglg Cams b oo oole

SAE 1015

VAR ARAY £A\VIY YYA MPa Ay Y\)-GPa
/ / / / Carbon Steel

28 Swift hardening law

Y oslous /Y 0590 INFoY Jlu /o 5 iyl Slgo Sl



[V ool i sn samo o513 s s ez 9o ol 1530 Sl s sl 50

G @
o (3 (s y7l0) B (7 0533 (o -(339) algl zgd (Al 1B Buins Sl sl Slal g dwsiid ¥ IS

S 0 g (5,08 ,L -7

B oled el 1095 50 (Slofag Cosal 1B slial e oled s pa5 Bres (285 dil B gileand (am pa3 5o

7535959 7535 58 B s sl toszmer izl Glee & ol Mrhwarmlans (ulad £53 5l (gilwaned (nl )0 0d 4 S
oo g odds oolatnl wled Fohw Hle SKasl (a0 6lp cwlsS SKasl Jaw 5l dslsl jo 00l oy e B
G bl (B sl Gl wled ol astie 5l e el sl a3 S s 0 /Y b ply pehe seled o SKlas
a3 il s el sad ladae B ezl ooz S LS leaned 5o S bl Wsdi oo iy 55l

(GOges dLau‘))éLe(awsabubjoMWULP Gﬁw)&@&j;é)5 ‘C5J M‘&‘)Q.C«w‘ W) M;)Kﬂu)‘.@
ol 5 IS 5 sipe Lalid 5lar b Boimoplis F S el sid i sl e 4 g yioiclo SV b ply

9 Ui > Cudgime

X Cg y0 B9 &5 >

. abadi e
75 B3 e
o8 o s,
A 9 O Cudgdoe

Y oz 50 5y &5 >

(61955 9 5500 bl 8)laz,b ¥ Sl

2 Surface to surface

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo

el (g3l



SAE 101553505 5¥55 (gn1yo ablio ros Gl Wisl B )0 (slolghsf caps (39,5 4igaS yolisnss adsl £3) JSCb g0us (st VF

Geyass --F

izl plo g ol oy ool (SAR) aidl als JI350l b abaii Jlo> slaiwg oledl 5l adsl z¢ (gamaSids jglateds
e odalin BB ¥ JSE 50 LB il sonasid wload gonaSid (R3D4A) s akais [l Lol ) oslinal b LJB
obedl 8510l 5 elaie pl (sl ol oot aloul gonaSicd 4 Sily poe s jlwdcds iy 5l oliebsl g1y dslsl o
Obedl slaws o 25,8 (6551 Jlade (28,5 Jlai 1o b Culedys a5 w38 (o) 2 Ll Bl calise Slacdle o (2655 5551 2
Q3,5 ol QLI YEY bl adsl 29 (sl 5Ls 3 90

(< (!
s (5 (2 $10) B (2 35559 (2 (839) ! 280 (I 5B Butkns JuSd o131 aivaSns PSS

o Jo 9, -0

g oo (Xl Vg o o7 e 1A 90 4 DIl IS i 4 by ye Jilawe 50 (g3 > slats, S sbas
gyl e (Satinl 4l - Sobial Sl o IS slaldes 1 (g )by anl 3 50 a5 cll ol caenl Pl &S
a0l o 5 ye (Seslud BT Bi gl 4 () (o9, Wisd Bl e S (29,50 (Seolns loe i Sl
3l ay IS s ol ley 8T g, cpl b @allae il co loy (wlidie (g, Sads oo aid S iy SCobiwl al ol
@liae J> oy, b Gaseie b g aslsl j0 0,8 i Bro  Sealus BT 51 ol co oST gl a8 )5 L o S5 SIS
plul b 04 co ondline O IS j0 a5 jabylas .l oals plodil S o0 ablin Gaes jiiS 0il,8 gooe (gjlwands
3)}2:95
ool oloul

Sl (2 p0 Al z o) 5l ol 8)lglgS B S

donte 7o 215 9 Gilwacts =¥

Ol 5o 08 0 Lal ane o) et 5 adsl o) JSS Aol 4 (e el lsS e RalS gz 5021 slaghs,
Eled O ygods adgl ol lal jo (g, (I b Gillae .ol 0als colainl aseiv Ban b 5l aigs 7o) b jshateds callas

%0 Implicit
31 Explicit

Vo ylan ¥ 0595 I1FeY Jlu [ ianiign g 4b piiens Slge SerilSo



YV ool) (Ao g 9o (53135 Ol (s (o 908 ol (5050 Sl ((Shggle G0

T Geos (S 5l odeliiwod i g Bas b b (goipeds bylas B e dalol ;0 5 00 i ol slocand 4
b Vs A o) «Ban mb s 59, 1 o] Jlesl g blas ! oyl BB 5 T 0510l bl suds mseiie 4
L 7o) 63, 2 woue silwand plul b colesjo all oo ) 8 ke Ay o IS Baaslis (I E IS il oals

ool 13,55 2 (505 SlojlglisS s 5l aS al Jol> o 7SS L @illae (S8 (onpe (Slnid ) Bl

g i NN
e ~¥-2.0. e % BN U
o | o NN

AN
NN
S

7

(< (!
3 B ylec A 79) (5 3lawiends 31 ol b (o .adsl 23} 5 B @b (ylao ST (1) 6o hiagy 7] (521 ¥ S

dlio Buo b b g peeds ol slocond 4y @Mé%cywdh;ﬁ}\oMTwagZ%QTaw Wy plS 5o
ool 00l (Sl Voo jleds &g zg) o ml jae g3, 2 o) Jlesl 5 bla (pl Gle BB (6,50 5l05l b .l oo
X 5l e ) 53 2 538 Silotend oladl b Coliys aBlon Y 5l Ay ol S Samapls il ¥ IS
0392 13,55 2 | 8)led Ao gl A S (5505 Slo)l595 e 1 aS Wl Jolo o ¥ KA L Bl (IS (oo Sl
Lol JSG03 58 Bas i S0 4 g

i
% % % 1 |
!
1

.\\‘\‘\.\’ngo:i
TR
Y i e
B e T
B saco vecs s Bt |

(< (Al

Lot TY Silwdand 5l ol (lod (01 85led Bt 79! 9 Suo @l Gl ST (AT 8 louds Lo 7! 210k O S
X 5l

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



SAE 101553505 5¥55 (on1yo ablio ros il ial B 15 (slo lghsT cone (10 4ina pliions sl £9) JSb g90e (sjlosits VA

ous bl (gilwaends )T 59y 2 5 b BT A UK L Billao Y 5 lads Ay gl 03 a2 45T (o0, L altio ol o
ol ¥ 55leds Ay 7o) (s3lwand 3l Jols dons bacaslid «o A S L]

(!
L T8 Gilwaneds 5l oo (gl (.Y 8)lod L 7o) 9 S @b oo SIS (W1 4Y 6,lods Do o) (2150 7 S5
Y5l
BRRRWS ML&AM &0 50 00wl lawdds 7o LY aigy zg) 5l sdeliiwsds SO S (s Como (gwyp slate 4
ol ) a8 a0 0 ail ee phitin loniz G Ojgod 0ul pll Sy aST g5lwesls b RV CWRYS C?“M &
@l S5 0 eanlissay (g rizren able (rloaiz 4 S0 ISS adsl 29 59y Slagads Slass 4y az g L allis
Al oo ol iewsay s Como saimslis a5 5 yls sl slacgalive VAL oz o o g allis ol 4o

aslie ) 5 b demlie 0% LY 1) 5l Sy slagg) 6 luiond 5| ol lis cinge g) s jlitods
oalo uLwa% JS.‘»).M\SY 9\ Uﬁb"“’)"’“‘aﬁ‘b 69)).:‘)».:)5 U‘J"”""B(J”“"é’)?" Caales &_J‘Ja.a.'-‘ 9T ‘SJLQ)M‘)L!

WA (g ol 00

o xS g i (eold (5l ykol )by oy ygbie 430Ut (B puano VST

aS jehiles load cod (giluad mls SS a4 Ve IS0 10 Vg ) s 90 50 Cwlbrs Ol s (30 cas 88 o
(;l})bmbsn‘awjrﬁsoc;)bw@&mwl}h@w;‘d}\o)La.m).a.m.A)o so#ksnoML&.ngﬁJ‘\’ Ji.i))b

Vo ylan ¥ 0595 I1FeY Jlu [ ianiign g 4b piiens Slge SerilSo



VA ool (A (giuen oo (55135 Ol (G (T 90 le (IO j0 Solow (D99l (s

5 15 o 31, S Ay 5 a Cald Syt S adgl Cualind g Lls s & ) ol (s5lntinge o
T SNgh Sicde Y s ;0 Gl Ol pess ails a5 <8l o lgi go w0 Vo UG L Billas pizmen el 00,8
Soleyd Wilod S a2 1, alie Cuoliud i e adgl o) dw g oo fiin ) o)led ps 5l glite bl 90 50
Lot 250 45 L3 olsiion s 39 3 T B ) e gy cslogs) one 25 ol s s Ayl
Sy Vg ¥ 85led digy laged a5 coul Jl jo cnl g Sl 1093 1 03 29 99 4 s (5 e Sundy 1) 85Led

A5l 0SS wlie

sl il e

T e b ke

T e il e

N

|

120

) culses o
o

s

) cwlses o

(<

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



SAE 10155505 0¥ g8 o2 po gbolio Gas S Wiz )b 55 (slo)lgies cun (30 S dioneS jgliiods addsl o) JSib (g0 (gilwity  Ae

sobolen ailoals (5155 VY UK j0 Y g ) 6 led 80l i 6o s (0 jenloyg LIS & 598 Ol s 5 ol gl
zo &S ol oo g 55 5,9 S9op 0V ) 8 leds o s ;o JEIT jlade o iy el oo cdalin V) S o aS
gy« V) S illae g co Fauad i obml del Caond (o wual IS s 1y ol a0 A o5 sl
W.C«m‘oé;@)zd)iiowtyjogwjﬁfé)gbwwoosmjd‘)dmﬂ\J.:..M)d\ 0 )l dige
o 3 5] s o aline Liens )15, 052 b a5 598 o oaslive (0 1) JSE) o)led s y0 (25 SlpdS sy b
| oa)fwl) LSI“JU‘“@LQ‘ U‘“"L‘*“’ LSLQUMB)QY o)wwty ch)Lo...f.a

alod S Sl 1) Sen 25 wae o5 JT ol Voojled g zof ol i

750 T

(MPa) s

150 + + t + + !
0 20 40 60 80 100 120
(mm) ot

(!
850 T
750 §

650 1

550 +

(MPa) 2

4s0 1
350 > = Uyl il e

—— |
250 1

150 : ! : - : |
0 20 40 60 80 100 120 140

(mm) ol

(™

S8 50 pae 99 )3 Al oo Broe (AiS WLl B e 50 03le JSUD S jlade Baiaslis 48T Stdly (155 Saled s

@ ol zo b 25359 (wled o3g9ome ;0 58 Sy (55 ST el dw 50 (5,5 SlpesS b e lond (g 2 VY

Vo2 g (@Y JSE) wlad el oSG alin V jus (0 adgl zo) an o L8 a8l e sl G oss iSTas o

Ol @ Y IS Golal 2 Ve 50 i ) 4w JBS, (pw)p DS (oo a5 1) do 0 Ve 4 S5 S STaes

adgl awaia Lo a0 )ladh a9 A S 1) (5508 ileds Sl 15,5 Sl Vooled e g) oo o0
SIS (g0 42,75

D)5 SlysS 5 G e V5 ¥ oojled a7 5o slo)ladisS e EalS A Az gl bond cwyp bl 4 ax gl
R Ay C"t‘" Ls ..\.u‘).‘! aQ u.»l.;wo ‘_g‘).g C?J LJJ‘ 0092 J] o..\.g.‘ oMJQL&J Y o)Lo.,.‘f.a C?J 5o )..AS M){J

Y oslous /Y 0590 INFoY Jlu /o 5 iyl Slgo Sl



M

00l (A2 (GMew oo 63135 Dlay G0 «(Z 908 las (SO0 Solow (g9l G

[1]
2]

[3]

[4]

[5]

[6]

[7]

40 -

Ped il A

e il A

0 20 40 60 80 100 120

(mm) Jdol
L ) =il sl e
180 + 593 5l Al
160 + > T P (S5l Al
140
120 +

) Semdly 235

0 20 40 60 80 100 120 140
(mm) dol

(o

&zl =1
Handbook AS. Volume 14B Metalworking: sheet forming. ASM International. 2006;924.

Moon YH, Kang YK, Park JW, Gong SR. Tool temperature control to increase the deep drawability of
aluminum 1050 sheet. International Journal of Machine Tools and Manufacture. 2001;41(9):1283-94.

Shim H, Son K, Kim K. Optimum blank shape design by sensitivity analysis. Journal of Materials Processing
Technology. 2000;104(3):191-9.

Kishor N, Kumar DR. Optimization of initial blank shape to minimize earing in deep drawing using finite
element method. Journal of Materials Processing Technology. 2002;130:20-30.

Park SH, Yoon JW, Yang DY, Kim YH. Optimum blank design in sheet metal forming by the deformation
path iteration method. International Journal of Mechanical Sciences. 1999;41(10):1217-32.

Zaky AM, Nassr AB, EI-Sebaie MG. Optimum blank shape of cylindrical cups in deep drawing of anisotropic
sheet metals. Journal of Materials Processing Technology. 1998;76(1-3):203-11.

Desai SG, Pardeshi RH, Date PP. Study of various initial blank shapes to minimize the earing in the different

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



SAE 101555505 0¥ g8 o2 po gbolio Gmas S Wiz 3 55 (slo)lgbes s (30 S dioneS jgliiods addsl g JSib (g0 (gilwainty AT

shaped formed parts using finite element analysis. InAIP Conference Proceedings 2005(Vol. 778, No. 1, pp.
855-860). American Institute of Physics.

[8] Chen X, Sowerby R. Blank development and the prediction of earing in cup drawing. International journal of
mechanical sciences. 1996;38(5):509-16.

[9] Yang TS, Shyu RF. The design of blank’s initial shape in the near net-shape deep drawing of square cup.
Journal of mechanical science and technology. 2007;21:1585-92.

[10]Nagda PS, Bhatt PS, Shah MK. Finite element simulation of deep drawing process to minimize earing.
International Journal of Mechanical and Mechatronics Engineering. 2017;11(2):413-6.

[11] Mahmood, Zaid H., Ihsan K. Irthiea, and Ahmed K. Ahmed. "Optimization of initial blank shape for flexible
micro deep drawing of square parts.” Materials Today: Proceedings 20.2020: 555-559.

[12] Bouchadla, K., et al. "Numerical investigation of the effect of punch corner radius and die shoulder radius on
the flange earrings for AA1050 and AA1100 aluminum alloys in cylindrical deep drawing process.” Heliyon
7.4.2021: e06662.

[13] Tran, Minh Tien, et al. "Earing reduction by varying blank holding force in deep drawing with deep neural
network." Metals 11.3. 2021: 395.

[14] Pratheesh Kumar, S., et al. "Experimental and Simulation Study on Deep Drawing Process to Reduce Earing.”
Materials, Design and Manufacturing for Sustainable Environment: Select Proceedings of ICMDMSE 2022.
Singapore: Springer Nature Singapore. 2022. 397-419.

[15] Hosford WF, Caddell RM. Metal forming: mechanics and metallurgy. Cambridge university press; 2011.

[16] Thomas WJ. Product, tool, and process design methodology for deep drawing and stamping of sheet metal
parts. The Ohio State University; 1999.

[171Ma Z, Zhao H, Wang K, Zhou X, Hu X, Lu S, Cheng H. Novel correction methods on a miniature tensile
device based on a modular non-standard layout. Measurement Science and Technology. 2013;24(8):085901.

[18] Kitayama, Satoshi, et al. "Multi-objective optimization of blank shape for deep drawing with variable blank
holder force via sequential approximate optimization." Structural and Multidisciplinary Optimization 52
(2015): 1001-1012

Y oslous /Y 0590 INFoY Jlu /o 5 iyl Slgo Sl



