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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
Accepted 05 October 2016 pressure within the allowed working zone during the process to prevent the workpiece from rupturing

Available Onli N 201 S - . - : - -
vailable 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 . _

DO{ME Layer Sheet cups m_ade of aluminum-steel double layer shegts are stL_Jdled by experiments a}nd f'lnl'te _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
gg;’:r'e"gctém” Diagram finite element model. The effects of process parameters such as thickness of the various layers, prebulge

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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Fig. 12 Initial blank for experiments with two drawing ratio
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Fig. 13 Samples produced by hydro mechanical deep drawing with
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Fig. 14 The effect of different blank thicknesses on working zone
6)5 0393 (59, (8,9 Calizee sl Cwlss ).\| 14 JS..»

281

Major strain
0.7 1
A 0.6 - A Necking
* Safe

Minor strain

oy
o T T

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

Fig. 9 FLD of two layer steel/aluminum sheet
SYsb pgtoasll s8G9 (2SS v (fimie 9 S

= 2] 3
5 3
7 ’

Fig. 10 Experimental test system process HDD [10]
[10] HDD anl 3 0,50 Liolej] e 10 S

Fig. 11 Hydromechanical deep drawing equipment
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Fig. 16 Process window diagram for Al/St bilayer sheet
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Fig. 20 The effect of different prebulging in bilayer sheets
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Fig. 21 Working zone obtained from experiments
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