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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
Accepted 24 March 2017 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

&%mfg; 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]
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Table 2 Anisotropy values for St13 sheet
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of the die set
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Table 1 Mechanical properties of pure copper and St13 sheets
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in hydrodynamic deep drawing assisted by radial pressure with inward
flowing liquid [12]
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Table 3 The main parameters and dimensions of the die set and blank

(mm) laée e dadivwe
20 Rp Ao glad
6 s e So gl
42 Rd B gless
3 rd A (5399 glats
21 Rh A sloal, glass
43 Rh2 o )loass gl
2 rh o )l0aSs J3ls gless
51 Rb B9 glad
1.04 C B g 05,085 s alold

s e SEacl Gliae ¢ owled Iyl wiile (g5luand ;00 sl sl )y
Gi9 9 B e 5 G5 9 55 B9 O Sl (lie 9 0.14 (55 5
5 ol Ll aan o SIhasl o 1237 el o 4235 L 10 0.04

i 597 Jaa1-3
gy o abie (ld g Sl LA o oS 6)led BB 4 ax g L
o S, Lo ol 5 elas 5 Soaliysg i (nns i
oS @l anl )5 355 gy b aes p3 lad wo)ls 352y abaxd
Senlindgj0un Groe (S anlyd 0 mild 4ol jo Jlad we bl e
Lol "4 IS Sygoa Jlw JSbag, ol g sled a3 L
2 Jbw JLad glaband mjs5 sl (nl o @S (550 Lulyd 5l ool
b sl plp diw 635 50 poee 1T alols o 5 ild 4l )5 (39 59,
[12] (7) doles
o),
in(%)
ksl alols R g a5 50 5 B (5095 glad alold R1 T 50 a5
P=PCyr=R ,» o> Lus P=PR b o 1o a4 5550 51 39
Slocells & a5 b Lid Jlael ol b e o F = RL o alsioee L2
ol ool g yo S 50 ‘)L*:*-E3 iy y5 aaly 5 51U 33l 5o
bl @i el Colll oS col lasliyy lid i adly el
3l ooliiwl b oSl Lad doles sl 5 cpl 5o [22] 5 s 1) ey ué
S ol 3,5 Jlacl s 190 45l @5 b oS 555 53l 5

Pr = PR~ (PR — PC)(

! vdload
2 Fortran

5 oplaids 17 055 1396 3l yo o0 Suille wiie


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_23
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_22
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_12
https://dorl.net/dor/20.1001.1.10275940.1396.17.5.57.5
https://mme.modares.ac.ir/article-15-12326-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-03-29 |

[ DOR: 20.1001.1.10275940.1396.17.5.57.5 ]

Obled 9 5035 HL)jL

Jlw J319439) gl 9 pelub Jlid b Saolia 390340 Gros HiulsS 3iaTpd Hd L did ek g8l K jl o 3Ll b 5 3459, w0

Press
Machine

Pressure
Contorol System

Cavity Pressure
Entrance

Fig. 8 Components of the die set, forming machine and pressure system
b el s § 80U (ptle o degazme (513! 8 S

Blank rim|"  Blank
cavity~t__holder

Di i s
ie Cavity -

Fig. 9 Schematic of die and pressure set in this study
)“‘L> u**-“ﬂ)’ » “"‘JLS 9 )L‘“‘3 U’*‘“L’ A8 goiro )| L_?‘ °)‘SC)]9 9 J&&

Yyons i g0 Ll gelads JLad oloml )3 ootn G5 5 55 559 5 B9 O
0.04 MM lade cpligi ol ;o a5 adl oo 55 Cuslses 13 sgum yo
s o abiizes L lanl T3 onl o [8] wtl e b Ll ples 4o
st 5 Sy S ol bty 5 o &1, T 5,5 e 3y
090° 3l Jb @a® 3 &S 9o JS8 1S G0s 9 Bas Vb e O
DLl B segame & oilr L2 e i Sl B
din @lmlr e (Sl jLEd g alaiome LS )L e 395 (o
sl 00 o3l ioles 10 5" o a1 )E s yo
&9y 2 ol Sl [24] o laitil Bl (B gano ] jslaie 4
Sl laae aiS SeS eleds Jlad ol 4 U el oals colaul CJB
Pl Gos SrRSa e S5 geyd ) U8 Gl i i
125] stz o vgetn (ol jLad b (Sealiungjaen s (1A wnly
Lled iy e omodSs wnl g, 5l 8 "10JSS" bl cnlpbe
S £o,8 5l am (OA) Cowl oals Jlosl 5,9 Sl,b1 5 Ll & MPa
shose Gl Sl ke b ot sty eled 5 aliina L5 i
Slastin § du e pudy 40 ol jo jlad oli8l col (AB’ 9 AB)
e 3285 J 7S 5 Jlosl (sl wnld el 50 )5 (S oy
SRl bwgi a8 e 5 00 °°L5-:-“‘YJL:-r’°W° Fogile G 5l Lad
i sl aabl 3 3,5 e I slaiod ooy 8 e J 55
Sy Sl oadierlan lade 4y (il lad g aldie JLad G 4 &S
S ali ol b L 5 et s JLis S ot (B'C’, BO)

! Pre-bulge
? Digital manometer

5 oplaids 17 095 1396 3l o (o0 Suilfo wdiie

Profile without wrinkling
Profile with wrinkling

Fig. 6 Ry variation in X-Y plane
X-Y azao ;0 Ry el )b ol o5 6 SOl

2 Suald g din S iz olad atle gla el ST cwyp S
05l50 a4l )0 (SaSg,x owyp 4 dazg b ogd o ool (SaSg
Ny 4 4z gi b ol o aid 5 e 0 "7 JS" atile e SO bog e
%92 daiene 5 B (60550 glad 4 So3 (g o g led i il
S5 Glp Gy S5 A 4 o5 (2ly 4 Cand (2l

el ool Sl CIB (609,59 Elad 4 SU3 yrvs (] ¢ SS9,

Gﬂblf-'&gln}T Jolpw—4
oeile B acgeme Joli o tolej] plowl jo eolaiul 050 acgeze
sl 0l "8 S o )Lt el s § 2O ISE

s 5Slas b pstie (00 Gy SO 5l abaase Jlid el jelatea
b ooy SO el jlid bl (gl uizmen el ouls oolazw! 50 MPa
Oy el ool ams S ks 0 100 MPa jlis Sl g ool oo
5 soliial 550 Jlw oo 56 CSE 4%55Kess b SAELD Sy
S (0 u—“l‘ ol ool po (om0 S sl p3¥ lad a5 5

5 logits aliies JLi5 45 Conl S50 4 B dcgarme b
b Geizman 35,5 (o all B alaime 4 uiie 05 cemy Jlail o)k
B9 5 od anui oS, &b 5l Jhw 25 55 4 Sl 29 qrey Jlai]
& ogbig ol a0 )50 (golad JLaS 5 duya 39 03,5 Skl 4 55
B39 et Alold 3 ool sl 5 SIS alais i 5 BL | e
o So (b il dlaxd e o L8 5o (nl J5S 25 G s
iz ot 3l 5 Lk il wile Gloyy pRiles]
8 o 28 ol o Jits S5 iz e 28 ol
wyy o 5 st Jlad b (Selusg ous Geoe (23S ail)8 )0 alaioe
Siloand S obml gl vasie glagioles) Grizes 9 Sl b
asgaze | slolsp b Wigdi o wgmime i ol Slaal 5l liabl LB
ol g seled JLed b (Sealusg o eoe (225 anT o Lad by
ol o oals Gioles "9 S jo Limgh ol j0 Jlew JSloasg,

Lwsi 355 slooy)lS (59, » g B aladzs )3 0l slowl LaS aiiiny
alold 5 .ao)?@ JrsS oyl )18 oy o jo &S Q)L.S]w,so

Fig. 7 Defined path on cone circumference for wrinkle wave study
Sy orn &lp by olps 4l o0l a5 L5 0 e T S

280


file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_24
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_25
https://dorl.net/dor/20.1001.1.10275940.1396.17.5.57.5
https://mme.modares.ac.ir/article-15-12326-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-03-29 |

[ DOR: 20.1001.1.10275940.1396.17.5.57.5 ]

Obled 9 5035 HL)jL

Juw J313439) 9lird 9 ebub HUind b SSaoliad9)3ud Grec ks 3iaTH8 )3 w3id @i )9Sl 3 Sl 03Ukl b (S 345952 (w0

@
<l

Fig. 11 a) Steel wrinkled conical cups b) Copper wrinkled conical
cups, using HDDRP with inward flowing liquid

33 w0dd Sy (cme g e (0 0dd Sgym 3¥ss by s (Ll 11 S
Jos J3loass; oz 5 olad JLid b (Seolipngjaon Goos (1A 0] 8

1400 |
1050 |
% i
2 00t
u [ Internal Energy
350 | — — - Artificial Energy
0 L RN [ VR W U S [P S PO S P N [P S R S [ T S

0 0.002 0.004 0.006 0.008 0.01
Time (s)

Fig. 12 Comparison of artificial energy and internal energy
S 655 5 (Erian (55l anylio 12 S5

1400 |

1050 |

Energy(J)
E

Internal Energy
= == .« Kenetic Energy

PO S VR VAR DA S W TN S TS SO S A S S

0 0.002 0.004 0.006 0.008 0.01
Time (s)

Fig. 13 Comparison of kinetic energy and internal energy
S 655l g (st (65 alie 13 Sl

ol o] sy 10 " Lzs

SS9,z o -3-1-5
oy e Sur Gl lyed (SaSer ghie g pSoslul

281

20
C
15 e
&
P .
g 10 Cavity Pressure
[ Radial Pressure
(<l
<4 c
o 5 i
Al
OOnnnnlnnnnlnnnnlnnnnlnnnn
0 5 10 15 20 25

Punch displacement (mm)
Fig. 10 Radial and cavity pressures versus punch displacement
A ol casy elad g abiions [Lad s loges 10 JSB

G0 amlie lp (SS9 7 oy (05 b)) e Wil b
Gk ol 3 S e Al el Wl e 30 5 (028 S
LSJ'.S")“"U‘ ‘LSJ‘.S")“"N LSL““"CL“’ )| LS“"CB""F“ )| oolawl L ‘55)'? &!a.n.a

99 0 sonline "11 JS..’Z" PR sals JS...J Oilalad 4g0s Ll 00

e yml-5

(T oo —1-5

S 275 ialesl g d50mme izl (gluand | ol s riwioms
izl Bls 55 rincins wiie Ginsy S slagi oninte ]
lisabl LB (sl Sy 45 wblso aranl s Cgz ol 5l Sgame
25 3 aslllas 590 Sla el plo () ln b Olpreds Wi
S ool b gilwans gl lanl cusl ool oxw hoghy ol o
@yl b oy 4 dm a5 5 035 (el 385 ek
P Om g Ak S lid Sglite (sla s eliid 3B pzen
Sy 518y S4Ss

a0 555l g (i (551 5090 -1-1-5

L) (Szs8 e wb Sguome Tyl (Silotnd o 0 (E5man (535
Silwads (o ‘s;.:; el oagay 56wl (A3 5,50 51 (75 sgum 5o
551 & 5l al S (s @S eyl o (26 05 55T sl
S5 Ol jee D9 o0 0adline a5 jgb Lo el ol 12 SE" o Jsls
el Jo S edle 4 el 65l b 55 pln 0 seae
ey Dl G Joe sz 5551 o5 Cl 98 350 Sloj Sl
00,5 oo abam>do "13 S 5l 4 jeblen [27] wils T A3l (g5,
ol sl 52l e OF 31 @551 pln 0 (i 5 ke
85l 5 Solil as | leanes ol Ol

Sz Jb g SS9z goe olawi -2-1-5
&lp il g 2Biolejl cll> o 1) oo Sy ilakad 14 2"
SIS 9,2 Zoe dwdid 4S5 0eb o oadlin s o sl Sglats esle go
dilse OLeSy ilwaned 5 (225 I 95 0 oole yo sl n

GV 3y 225 bl g Gluand 0 Sz zee 5 ol
O 3 570 el )0 0ad odaline SuuSg,> zae slaxi g ud cvalie
olas 1) gilwans 8> a5 aibge 12 giluands cdl> 0 5 11

! Hourglass phenomenon

5 oplaids 17 055 1396 3l yo o0 Suille wiie


file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_26
file:///C:/Users/Desert%20Rose/dropbox/MME/Ordibhesht%2096/0880/Enew%20170880M.docx%23_ENREF_27
https://dorl.net/dor/20.1001.1.10275940.1396.17.5.57.5
https://mme.modares.ac.ir/article-15-12326-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-03-29 |

[ DOR: 20.1001.1.10275940.1396.17.5.57.5 ]

Ublsed 9 03B HL)L Juw J313439) 9lird 9 ebub Hlind b SSaoliad9)3ud Grec ks 3iaTr8 )3 w3ud @i )9Sl 3 Sl 03Ukl b S 3u59 52 ()2
0.023 (@)
[ 7 all
0019 freetteee
€ 0015 |
P r
< r
S oo f
5] r
8 L L)
N 0.007 [ e Experiment
0.003 | Simulation
0001 Dot
0 0.01 0.02 0.03 0.04 0.05

Y coordinate (m)
Fig. 16 Wrinkling profile diagram for pure copper part

s i S e 330516 S5

45
40
35
30
25
20
15
10

-..'\

Force (kN)

ssssses Experiment

Teedesd

Simulation

0 5 10 15 20 25
Punch displacement (mm)

Fig. 17 Load _ displacement diagram of pure copper specimen
e K903 (1 A ol oy g Jloges 17 S

3 5 B °
e
..,.”u”

Force (kN)
=N
o o

eeeeee Experiment

Simulation

=
g o

0 5 10 15 20 25
Punch dispalcement (mm)

Fig. 18 Load _ displacement diagram of St13 specimen
©Vgh aigad (sl dis olmler sy 955 10500 18 JSCB

Al oo 14 g3Ys8 dige (gly 5 LT Dgd> 0 s diges Glp 0y
S38le s 4 oads ools Jlid e g Jlesel JLid e b OS] Loy
5 @28 Sl s olnla gy gl Gl DS e (nl il

Do n 0308 (65l

Gibwands Lol ojlusl ol -5-1-5
S Gledl o5laslay ‘5?..\.:59)7 I g awais Lagm &l @,l:.;
Silwans Gl ol sl caslie Ol fplply il oo ules

5 oplaids 17 095 1396 3l o (o0 Suilfo wdiie
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