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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 simulation using finite element code with parametric definition of process parameters creates flexibility

Available Online 16 May 2016 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 thro_ugh the proposed method. Redefining of simu_lated gnnealing parameters W_ith
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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® Plane 162
® Power law
" Automatic single surface contact (ASSC)
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! Flex-forming

? Fuzzy control algorithm

® Neural network training

* ANSYS Parametric Design Language (APDL)

5 oolaids 16 095 1395 sl o (s e SuilSe wlise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.3.4
https://mme.modares.ac.ir/article-15-746-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1395.16.5.3.4 ]

Obe 9 (youbld yulic

Sobwdaub &3l 3 il G ilwdlng Ghg) Hl oSl b JSub Hlxid wlabnd Sire )39)3a0 sl 3d )3 duiaw o pan 9 JUiKS jumno s

Die chamber

Pressure gauge

Blank-holder

Non-return
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Fig. 1 Assembled die set on testing machine and dismantled die components
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® Local minima

* Initial temperature
® Final temperature
® Cooling function
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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 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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