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Investigation of Wrinkling in Hydrodynamic Deep Drawing assisted by Radial
Pressure with Inward Flowing Liquid Based on a Geometric Method
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Prediction and prevention of wrinkling are very important in tool design and determining the effective
Received 29 January 2017 parameters in sheet metal forming processes. In forming metallic cups, wrinkling generally occurs in the
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- v two regions of flange and wall. The control of wrinkling in flange area is made less difficult by
Available Online 07 May 2017

controlling the fluid pressure applied on the lower surface of the sheet, but in the wall region it is
difficult because the sheet is not supported. In this paper, using a geometric method based on numerical

K ds: N . A . . . N .
V\%mgn; simulation, the wrinkling in the wall of the symmetric conical parts in the developed hydrodynamic
Hydroforming deep drawing with radial pressure and inward flowing liquid is investigated. In the process, two
Conical part independent pressure supplies have been used for forming the sheets. Due to the nature of the process,

Radial pressure the effects of radial and cavity pressures on wrinkling have been investigated. In addition, the effects of

material, initial blank thickness and punch velocity on wrinkling in wall area were investigated. To
verify the results of the simulation, several experimental tests have been done on the St13 and copper
sheets. Good agreement between the simulation and experimental results shows the reliability of this
method in the wrinkling study. It was also demonstrated that increasing the maximum radial pressure or
decreasing cavity pressure leads to increasing wrinkling. Additionally, wrinkling was decreased with
increasing blank thickness. Moreover, it was shown that wrinkling simulation is very dependent on
input parameters such as punch velocity and appropriate element size.
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Fig. 1 Pressure system and die set in the process of hydrodynamic deep
drawing assisted by radial pressure [8]

b Sl e a5 T 3 A sy L6 i 1 IS
[8] sbes jlas

ol mld 4 m b y0 Sy bl sl a3 (g)led s
@ 0)lned sl Comd og Sl e w0 )lnns > Sz 6T S 2
el ainl cleay mlb aml 0 (SaSez 3 ol josl, 5 culhs
Ll 0gdce i Lol ollee o b wgd o o askd jl Ygens
Soz BMasl 5 wles ol askad 53 VYoess o)lzis 0 (SuS5 >
(ehelos ilitee sla g 5l (SaS9,2 ody oy p Sl s ol Sl
[15] o), S0 § Ky .ol ous ooliiul dgame sl (jluacs 5 ()2
Pl Sezobml slr Sl i ol olens > (SaS ez oin b
3550 (g 05l Cessty elats 5 g see Slelad Bras (A5 Wl
g dgazme lizl gy Sle (el (65985 S liie cpl eolind
ot SELags s g, 5l eolanl L [16] o) Sen 4 Sliw, bl
A o loges oals ol Hlikoee LBl 4¥gs sla gy oSS,z
GRS ald e e SS el 5 2T ys oy bl ) SaSex
ol |y (295 By ool Cawoty bl uiwiono (w309l Covddy Gaos
5o esle ol plas bapl Gragh o e Ghlesl 5 Sl b,
20U 9 0ty dgazme glil (glwand ) eoliul L [17] )l Ko
Wyl Cewoay |y elads jLad b (Saluogyond Grae (iiS anlp o
5 plle axkd ady sl At Hlad wile ganlp celie slayal )l
Ol oand 4385 ol 5l (0 S8 a0y jlesliiul b (SuSs 2 g
2 S SS9z o B S Sgo Gl agh 50 el ooy (i
Slalllas onl pogdle Conl 00l (qmjp Siepgrnen (ngh slovul
poe b st 553 B 1o 5 hS Sygons 1y onny ol 351 48,5 000
or sty balaly )0 rizmes WS o0 S0 (S5 z e
S oz omiin JIK3 (sl Ygens b slaitg, wcns ol
P (o 0xi S )0 e b hg) nl @lye (Fp p0 g Wes TS
SIS e 0l T 0SBl (o) 3590 oy
@l bgye wlakad ojlgas jo olads JLad b S 89,000 anld o
Gros A5 AL 50 b esd (x Gighy nl 50 gyl 5l el ot
ST 0z oy (Jlw JEbag, Ol s oled JLad b (Seelusg e
5 275 Gilejl Cond 10 058wy (ouin gy SOl eslital b
abhize 5 slad lad obnl @l S Gy 93 il iluesly
b ad)S 5 b ylid e (59, Akl 4 alali g glaland 08 sl
(Bl JLad g dlaiome JLad (el )0 [0S0 I e ooy 99 5 eslinud
Syslen ol 1) alaisme Jlad 5 Slr jLid plojen JyuS g s oSl
@ 500 L oyl 1) b [12] o)) Sen 5 Koy ol 5l glie a5

277

@IS (Gree (1S wiile 538 (glas)s 2o S glaan] B e 5o
a5l (K i by 0n iz (B3USE 5 gmrbolitng i)
Sl Kix 5l L lagle s a8 anl nl . (1] asl e ayas Lo
Blio 00,8 JLEl 550 1990 ans 0wl ools aswgs g gl pgo
Qe 425 3l sla Jlo o 5 [2] 285 15 plaglsn 5 silus 00>
ol [43] el 08,5 > 845 4 Sglite sloo )l g adgs jo 1,
Ol B Cenl 0 cga Groe (A5 Jho (S slooiy |8 4 S i
GhelS (nl  ogdle (5] il s anT B o it Bee b Slabed o,
w8y Vb gl codeS (g pdidllasl Gl g 5y Ol Sasl sl
161 wsly o a3 ol slilse 5155 ol 5 ol ol

Gros S wiile S jfgaie g oy, 3l gladle
Sealadg e Groe A5 ((Selleg o oo A5 o Selindg e
Lol ool Wl 559 59, CHIES JLad b Sie gy g sled LaS L
Gl sl JLad b (Seelsgpaee Gres 235 dals, Gl Gl o
171 0l o conlin YU GRS o by labad 5 onmmyy lelad oo IS5
Gros eaS B asgezme 0yt So LMD S lhs anTd
aS anld cpl ol 4Bl anwgs elad JLid sl gl (Solnog,ue
O sl Pl Sl &l Jsene e Bs s b alie
97y (Jyere S g yien 13 45 §y9 03,5 SLbI )5 S9zge (84, L3
Ll (23S (5955 S8l 9 (i8S S (1 50 1) (6550 (25 el
111-8] o5

ooy ien Gras GhiS wn T sleslinl L [7] o) Sen 5 (25
Slabd oo JSi 0 976 piS Cond 4 axtaly | gebed las b
ol LS gy s CB5S g cenlie Culis me b g (o by P
4 e by ol dxgs aslal o 39 03,5 Bl o elad [Lad 092y
95 Ok g oled JLad b (Salsg,ien Groe (225 6l @ (B9 gl
pilse S 3l ol b ety cnl 5o 12] cadd sas Jlw S5 4
Sebee Sbml B9 ad 4l o aladoe JLad 5l VL g )lad (S pue
5 WS o0 SaS B alasons Sl 4 (559 4065 4y ouds ol elad Jlad
SRS 5550 sabar (2SS (555 5 Rl (AT Cumnd ol Az o
i Lid ) 0g2g o slad JLad o)ly0 cubaas sblje poogdle .l oo
Goanlp Cge 5l (S Sen w50 g e slagis olml «
L ogdior by 9 lalyinl lald o SuSs> b 4 (podSs
5 A S5 w4l 50 By 5l P B G oog ST 4 axg
Slabd (plojlps j0 Sy pz obml iy (Sl (g pe lakad )5 25§55
bl ey a5 FaSg x> [13] o)ls ey slaslgtn] lakid 4 oo
5 S Sl o5 (Vb Cuenl Sl gdie Dgnne LS s
Ded ploul aie) cpl o Slgld Dlidss ouls Cel onyy () Coenl
Sl o Sy iaidl oo 3l 4l g0 jo0 L5 job 4 Sg > JoSis
sz 65 IS 5 () ol olas 53 (2SS I3l L 359 45 anksd
[14] (o)) s wlod o 3l b Gy &5 askad 51 glasb o
Srdm Soeal Glld 3 (SuSsz 4 Cend o)lpd 3 (SuSs
S Lsopatiy py Jole a5 Glgs oo 1y ol cnl Jdo el Jls 595
Ol 31 5208 Ygana o e 5 SN sz 90 Sl loee L8 S

! Hydroforming
2

5 oplaids 17 055 1396 3l yo o0 Suillo wise


file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_1
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_2
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_3
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_4
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_5
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_6
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_7
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_8
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_7
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_12
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_13
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_14
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_8
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_15
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_16
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_17

Obled 9 5035 L)L

Juw J313439) 9lira 9 ebub Hlind b SSaoliad9)3ud Grec ks 3iaTH8 )3 w3ud @i )9Sl 3 il 03Ukl b S 345952 ()2

St13 89 6‘)’.‘ Lgo;.vwb Lghbw ﬂdlj.n 2 Jg..\.’»
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Fig. 3 schematic of the die set used in this study
oolazul 550 JB degazme Silods 3 &

3y9 00,8 9 B cwais slul g Dlaseie 3 Jgus
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Fig. 11 a) Steel wrinkled conical cups b) Copper wrinkled conical
cups, using HDDRP with inward flowing liquid
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obtained from experiment and simulation
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