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ARTICLE INFORMATION ABSTRACT
Original Research Paper In hydromechanical deep drawing process, the traditional matrix is replaced by pressurized fluid, and
Received 07 August 2016 the final shape is determined based on the shape of a rigid punch. It is necessary to change the fluid
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: ’ pressure within the allowed working zone during the process to prevent the workpiece from rupturing
Available Online 06 November 2016

and wrinkling. Working zone curve represents the range of maximum available drawing ratios without
rupture under the highest chamber pressure. In this paper, hydromechanical deep drawing of square

Keywords: N 4 . _—

Double Layer Shest cups made of aluminum-steel double layer sheets are studied by experiments and finite element

Hydromechanical Deep Drawing simulations. In order to detect the rupture onset in simulations, experimental forming limit diagrams

Process Window Diagram were obtained using aluminum/steel double layer sheet. Experimental data were used to validate the

Forming Limit Diagram finite element model. The effects of process parameters such as thickness of the various layers, prebulge

Square Cup - . . . . .
pressure, chamber pressure and the friction coefficient were investigated on the working zone and the
process window. The numerical results show that an optimum amount for the drawing ratio exists for
each prebulge pressure. Also, with increasing the chamber pressure, shrinkage is reduced on the flange
area. By increasing the friction between the sheet and matrix or the sheet and blank-holder, working
zone becomes smaller; while with increasing the friction between the sheet and the punch it becomes
larger. Experiments were performed for different drawing ratios to evaluate the numerical results and
good agreement was observed.
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NVsbpsaicagll ¥ 55 slo 3,9 slp il B 0 iy 16 S

e Sl 5 274
S b soyn 1) ol @i sla)les 15618 5 17 e ss
ol o yall don 2800aS5 coli L AATI00 5 STI2 4¥eSs slagsys
B maS coes 2Slas L 20 4 0 5 &l iy Slad 138l L ows o
4l a5 Soldd opl b eslige GRal381 Gy9 90 2 50 (SO g el
ossy Ol Jebs s porionsll slass 5l yiier s3YsE slag s )8
AB bt Jdsn b o e 5 spSslz 5 anlE sl o 5y b
b 20 50 gl e LiS G el slabiime (slayled s il e
SLad 5 o ol ol slabaas slaylid (o ol vgzg Sl ol
ol ol 3 B gl Ly b o) ot i gl i

P2y Oomly lalaize glajlad 5w L 40 @l ey Jlad s
@it JLd Jlosl Lol oo ol (2usS s VU lalaions (slalid
5wl Gl x5 b ol s 4l pe Gy adsl (8,5 L 40
3 e obml cel a5 Wb e el anl B lal o 5, cwlbks
Dgden 2l Jyae

4 VST 5 90 0 lp )b 20 adg) bt jlid sl 4 azg b
sunlin 19 S8 0 a5 jghilen wad glulid coslio adl Lid olsie
St JLad 5o Ysh 5 pniegll o Dslite Culid ans sl 05800
el o] ety Fglite 5,5 slaasels )L 20

slayled b o¥sd poeiagll a¥ss slagsys slr )5 4L 20 JSs
4l ol astie UK 51 a5 jshailen s oo oLt |y Sslite @bt
S5 g somiasd] YT oGy il e Sl 4 Gy ol G
$Fn el e oliws L 20 @hin L ailoe V5 lag

282


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.8.1
https://mme.modares.ac.ir/article-15-1869-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1395.16.11.8.1 ]

UKo 9 (LT S s Soxo I

V93— 0gaineglT 43V93 B9 b (s 0 Sl SS9 ) 3ud Groc iudiS )3 Jdalyd oy asllios

i Hlid S o b asdl il sl sl s s cad (Jlew
Cannd 5Lid iy Gl L] sy Jgam BB 2sS Cons iSTas
Dy oo oS Al S o
gy 20 bar 5l S @iy glejlid o wese ol mbs
Azl 5 @S 053w |y a4yl JSE 5 o s @ Bilg e

#USE sl 5 A0 bar Iy JLad b o Gl (SaaSiL e
o lod o sy aoms o el ol (SadSU Gl 1) o cnline
25l oo 40 bar 5 20 bar 0 &b i
Sl @SS s abhsde BB alS saeslis gove mls
el 35859 9 3r9 e SShaal Al
o o Gasle 5 s o Shol gl YU glelis o
1948 o 3 )l GRS 0> o S9,p Sz b el jlulalols
O Sl Al L o e gt b G55 oled ey Gy slajlad

b gr LS S i e s g

JLad a3l bas conl T k8, ol cde ol oo alEl (225 0 o
Sedge Luler G ile glad Coonn 4 duiis pon glads 5l (F3b e ¢l

&xlp-6

[1] J. K. Kim, T.X. Yu, Forming and failure behavior of coated, laminated and
sandwiched sheet metals, Journal of Materials Processing Technology, Vol.
63, No. 1, pp. 33-42, 1997.

[2] F. Yoshida, R. Hino, Forming limit of stainless steel clad aluminum sheets
under plane stress condition, Journal of Materials Processing Technology,
Vol. 63, No. 1, pp. 66-71, 1997.

[3] A. J. Aghchai, M. Shakeri, B. M. Dariani, Theoretical and experimental
formability study of two-layer metallic sheet (Al1100/St12), Proceedings of
the Institution of Mechanical Engineers, Part B: Journal of Engineering
Manufacture, Vol. 222, No. 9, pp. 1131-1138, 2008.

[4] A. Jalali Aghchai, M. Shakeri, B. M. dariani, Formability analyis of metal
double layer sheets with finite element simulation and comparison with
theoretical and experimental results, Proceedings of The 10thrnational
Conference on Manufacturing Engineering, Babol, Iran, March 1-3, 2010.
(in Persian ... ,5)

[5] M. Kadkhodayan, S. J. Noei, Compensation of springback phenomenon in
Al/St sheet forming using die geometry modification, Proceedings of The 1%
Regional Congress on Mechanical Engineering, Tehran, Iran, March, 2013.
(in Persian ... ,5)

[6] S. H. Zhang, M. R. Jensen, J. Danckert, K. B. Nielsen, D. C. Kang, L. H.
Lang, Analysis of the hydromechanical deep drawing of cylindrical cups,
Journal of Materials Processing Technology, Vol. 103, No 3, pp. 367-373,
2000.

[7] S. H. Zhang, K. B. Nielsen, J. Danckert, D. C. Kang, L. H. Lang, Finite
element analysis of the hydromechanical deep-drawing process of tapered
rectangular boxes, Journal of Materials Processing Technology, Vol. 102,
No 1, pp. 1-8, 2000

[8] S. H. Zhang, L. H. Lang, D. C. Kang, J. Danckert, K. B. Nielsen,
Hydromechanical deep-drawing of aluminum parabolic workpieces-
experiments and numerical simulation, International Journal of Machine
Tools & Manufacture, Vol. 40, No 10, pp. 1479-1492, 2000.

[9] M. R. Jensen, L. Olovsson, J. Danckert, Numerical model for the oil
prerssure distribution in the hydromechanical deep drawing process, Journal
of Materials Processing Technology, Vol. 103, No 1, pp. 74-79, 2000.

[10] F. Rahmani, S. J. Hashemi, H. M. Naeini, H. D. Azodi, Numerical and
experimental study of the efficient parameters on hydromechanical deep
drawing of square parts, Journal of Materials Engineering and
Performance,Vol. 22, No. 2, pp. 338-344, 2013.

[11] E. Onder, A. E. Tekkaya, Numerical simulation of various cross sectional
workpieces using conventional deep drawing and hydroforming technologies,
International Journal of Machine Tools & Manufacture, Vol. 48, No. 5,
pp.532-542, 2007.

283

350
b= Y ==- P, =40bar
300 ) e ——— P;=20bar
e — P =Obar

250

Pressure (bar)
=
=]

1e 2900

150 Hp = 0.

2 uf = 0.05 |‘\
tg = 'IJ {_5‘ mm :
Lap = 0. [

100 o -

50

0

15 16 17 18 19 2 21 22 23 24
Drawing Ratio

Fig. 20 The effect of different prebulging in bilayer sheets
Y58 = pgieagll Y50 5,5 59,0 Dalite slagdl iy 5120 S

250
@ FRupture
X Success Drawing
2004
& 1501
o
g
g
A 100 g = 0.05
fp = 0.1
uyp = 0.05
tyy = 1.6 mm
tar = 0.4 mm
50
0

16 17 18 19 2 21 22 23 24
Drawing Ratio

Fig. 21 Working zone obtained from experiments
iole;T b ol cawsts 6,15 axb 21 Sl

Soden 0.4 5 V55 oo 16 (slo cadind L $Y3b poriaasl] 435
Slad il b aS conl T saimapylis laiole; T ams o oyLis | pguiasl]
Lol el 201331235 1 1.85 5l uulyd eSS o> L 150 B Jlw

oo RIS Sl GRS 0 o b sty il

S5 4ms -5
SROSE wnld 0 (oS se oy g goue oy p Wlie ol yo
Sboyially b g ab bl e Dlakad Vs los,g (Sellegyae
SBhol cuyo il g e gbay cwlbs @i Lad sl al,d
4l S 4 plites Geizmen (8,5 18 )y 0550 )5 4l gy,
L oo Jolse 055 w3l s e sl 35 Sl el 6,8
SN 4>l Olgise Gy Swled Gl b ool cossy @l Gy
2l s VL AT S g 255
Slad Jleel b oS voo 0 las o0 mls aliv 35 gove mls

11 o jlois 16 )93 1395 O (ORI Swlle w iy


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.8.1
https://mme.modares.ac.ir/article-15-1869-en.html
http://www.tcpdf.org

