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Determination of Pressure Path and Punch Velocity in Hydroforming of Cup-
Shaped Products Using Adaptive Simulation-Based Optimization

Abbas Hashemi', Mohammad Hoseinpour Gollo"", Seyed Mohammad Hossein Seyedkashi’

1- Faculty of Mechanical Engineering, Shahid Rajaee Teacher Training University, Tehran, Iran
2- Department of Mechanical Engineering, University of Birjand, Birjand, Iran
*P.0.B. 13616785, Tehran, Iran, m.hoseinpour@srttu.edu

ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, a practical method of combined finite element simulation and adaptive simulated
Received 15 March 2016 annealing optimization was developed to design and analyze sheet hydroforming process. Process

Accepted 28 March 2016

Available Online 16 May 2016 simulation using finite element code with parametric definition of process parameters creates flexibility

on the proposed method in which geometrical dimensions and properties of the workpiece and the die
comprise a part of input data of optimization program. This makes it possible to investigate any cup-

Keywords:

Adaptive Simulated Annealing shaped products through the proposed method. Redefining of simulated annealing parameters with
Flexible Simulation respect to hydroforming process enabled data convergence to be achieved in a shorter time and with
Sheet Hydroforming Process higher precision. An intermediate MATLAB code was developed and used to manage data transfer

Pressure Path

: automatically between optimization and simulation codes, in which there would be no need for any
Punch Velocity

interaction of user/designer during the optimization process execution. The research aim of presenting
the combinatorial procedure of flexible process simulation together with adaptive simulated annealing
technique is to achieve optimal forming pressure loading path, to determine desired punch velocity, to
produce desired workpiece with minimum thinning and to avoid wrinkling and rupturing defects. In this
research, two different loading paths proportionate to the ram’s stroke of press unit (constant/variable
velocity) are proposed to synchronize optimal pressure path and desired punch velocity in forming cup-
shaped products. Using the optimization approaches of constant and variable velocity, thinning values
of 12.9778 and 12.3295 for a steel part with conical shape were obtained respectively by implementing
simulation iteration of 202 and 148, which demonstrates improved product quality and decrease of
simulation iteration in variable velocity. Appropriate conformity between numerical data and
experimental results verified reliability and accuracy of the proposed optimization procedure.
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¢ Power law
" Automatic single surface contact (ASSC)
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Die chamber

Pressure gauge

Blank-holder

Non-return
valve

Fig. 1 Assembled die set on testing machine and dismantled die components
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Table 1 Parametric dimensions of the die set and material
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Fig. 2 Representation of parametric dimensions of hydroforming die set
used in this research
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Determine geometrical shape of cup and
material properties
(Refer to Table 1)
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Fig. 4 Interaction between SA and Flexible simulation
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Table 2 Geometrical dimensions of final products and material
properties used in this research

210 E (GPa) 30mm Dy,
0.3 v 72.4mm Dy,
7850 p (kg/m®) imm to
668.3 K (MPa) 118mm Dy,
0.34 n 22.50 0
4mm Tp1= Tp2

166



Obe 9 (oubld yulie

Solwdah &3 s ol 5 lwding gy Il o Sl b JSib Hlxid wilabad Sino p39)3ud 3dalpd ) Auiaw g juw 9 )US pario (pusd

SIS S ke o ey sl Jlgte slagleanet 1SS
odd plonil (slagiluwancd slasd ] 8 o yoty Joges ;0 (00,5 so paetd
Sbs SuS oz oml (P beli (ao IS8 Gl (g s S
S I s aslbige 45 5550 dwsin b iz 52 (sl 55 500 250> 5
Gk oals Wl (giledigy g, 0 oad plal la ST slaws iSTas
ilge )5 Hpam e (§ilwannd 355 L ply BsS e oy aba,
o pariadl] Sdys sl Giluatan (he) 0 (SESIU deS ol
Can 20,0 0.5568 3 0.9164 0.9682 L ol s 5 0 oVgs g Lalls
30 &S jebles ol oud euiSy Sgmge dilyd oty jloges bl 4
Jlog0d 5 0uiorens sloosly yo JLid aingy polis 355 0 eanlin 3 oo
Sy Sy ey dmg plie S Jloy WSS 15 anlb oy
0 iy 0505 10 e yur Coll poliie a4y s SVgd g LallE s pguiiag]]
Ol el azals casldl o caolidl ( csals Candy i 4 a3
$ilg s dinge JLES b olpen i Copus 380 J S oS b je g
CudS 59y 2 Ay g9 SWISIL aneS 59, 2 >y JB 2L

sl als sl Jyame

& 5 4omii -6
il pipssl g iyl il S5 by, Gieeh ol o
eollhe Cop b lad s (glodige joliieds hedal oadig il
wleidy Gy S dgyoee anld o Jobrd Slaad (gl as
5 yoligS loy yo SYL Cds a4y obicews gl ol )bl g g
loo sl sloo (iglo o @l ol o] ol slo sl ey 5501 !

45
e Experiment
40
e=—gr== Optimization
35
=30 F
I
& EPPLEQV (AVG)
225 F
I
E - m
2
Y -/
10 \\_/
_7—\_/ S
5t 075403 309051 542699
4 192227 425875
0 1 1
0 5 10 15 20 25 30

Time (ms)
Fig. 8 Optimization and experimental results obtained from the
second category loading

ps0 &85 G INEL 5l ol (225 5 3Lt @l 8 Sl

g bk awain 4 byype slaosls ol (iluange gy 5o onlnle
anlyd oz dlie o a8 Sy eosls b gl byl olge Clasin
PN e fmend Wl R ghb bawg ileange alin 63959 Olpea
Pl i (sl anld oy loges ;5 oud planil lassluand
Sl ey o oollae Jlid laojl ©jgon aie [LAS WY o s
CSESs s @595 b wgllae axkd 2o S5 jskiiea, 400 mm/min
a5 Jby0 ledds i wgSLT sgame ledl (g5l 58le 5 51 eoliial b
Lot &Ll (siloangy Aoy )0 A S g g iy LS gy polie

Cone center
—

135
13
S 125 f
(-3
o
s 12 }
=
S
5 115 |
Tl
E 105 F = e e« Opt. - Constant velocity
Opt. - Variable velocity
10 F == « =Exp. - Constant velocity
eeeeces Exp. - Variable velocity
95 . . . .
16 18 20 22 24 26

Distance from cone center (mm)

Critical

Fig. 9 Comparison of optimization and experimental results in critical area of the workpiece
askad Sl 4l o 020 g (ojleaige CJL«JMLOAQ Js<s

Gilacd aly 2 anl ooty Jloged g pdyBllanl (silodd 4l » Eeds (Gludig Gog) dmmlie 3 Jgux
Table 3 Comparison of flexible simulation-based optimization method and simulation-based PWD

PWD Proposed optimization method
Material Desired Punch Minimum Optimal Punch Minimum
pressure velocity thinning pressure velocity thinning

(MPa) (mm/min) (%) (MPa) (mm/min) (%)
Al1050-0 24-34 400 18.81 26.2804 218.2 17.8418
Pure copper 25-38 400 16.42 34.1187 654.5 15.5036
St14 25-40 400 12.12 39.9868 792.6 11.5632
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