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ARTICLE INFORMATION ABSTRACT

Original Research Paper Nowadays, two-layer sheets have many applications in various industries due to their superlative
Received 02 February 2017 characteristics. Characteristics such as weight and formability of two-layer sheet depend on the material
Accepted 13 April 2017 and the thickness of the layers which compose the two-layer sheet. Plastic instability and occurrence of

Available Online 20 May 2017 localized necking limit the forming of the sheets. Forming limit diagram is used to evaluate the

formability of sheet. In this paper, a multi-objective genetic algorithm is applied to optimize the

$%‘;;Zfsheet thickness ratio of layers in AI3105-St14 two-layer sheet. The optimal model minimizes the weight and

Formability maximizes the formability of two-layer sheet simultaneously. Forming limit diagram of two-layer sheet

Multi objective optimization is determined by analytical model based on Marciniak and Kuckzinsky (M-K) method using Barlat and

Genetic algorithm Lian non-quadratic yield criterion. Experiments are also carried out on Al3105-St14 two-layer sheet in
order to examine the validity of the theoretical results. Pareto-based multi-objective optimization is used
in order to make the objective function of weight per unit area minimized and the objective function of
formability maximized. The Pareto front provides a set of optimal solutions. In addition, the knee point
as the most satisfactory solution from Pareto-set is determined using minimum distance method.
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Fig. 1 Model of localized necking for two layer sheet
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Fig. 2 a- Experimental set-up, b- Some deformed specimens
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Table 2 Possible condition for thickness of layers with full factorial
approaching

obj, objy tst1a ta13105 N
0 0 0 0 1
0.00135 0.065 0 0.5 2
0.0027 0.09037 0 1 3
0.00405 0.097 0 15 4
0.0054 0.1082 0 2 5
0.003925 0.2087 0.5 0 6
0.005275 0.1837 0.5 0.5 7
0.006625 0.1785 0.5 1 8
0.007975 0.1735 0.5 15 9
0.009325 0.1617 0.5 2 10
0.00785 0.255 1 0 11
0.0092 0.2315 1 0.5 12
0.01055 0.223 1 1 13
0.0119 0.2061 1 15 14
0.01325 0.2054 1 2 15
0.011775 0.2728 15 0 16
0.013125 0.26 15 0.5 17
0.014475 0.2431 15 1 18
0.015825 0.2332 15 15 19
0.017175 0.2152 15 2 20
0.0157 0.2878 2 0 21
0.01705 0.2728 2 0.5 22
0.0184 0.2578 2 1 23
0.01975 0.253 2 15 24
0.0211 0.2454 2 2 25
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Fig. 4 Best-fitting polynomial surface for formability function of two-
layer sheet
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Fig. 8 The knee point on the Pareto front for objective functions of

weight per unit area and formability as the best answer
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Table 3 The optimum values for thicknesses of steel and aluminum
layers and the values obtained for the objective functions of weight per
unit area and formability at the knee point

objy, objg tal3105 tst14

0.011986 -0.23921 0.720552 1.279052
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Fig. 6 Pareto front for objective functions of weight per unit area and
formability
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Fig. 7 The schematic position of the knee point on the Pareto front [27]
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