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Experimental investigation and integration of finite element analysis and
response surface method to multi-objective optimization of geometrical factors
in bi-layered Al-Cu tubes hydroforming
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Keywords Abstract

Tube hydroforming Tube hydroforming process Is an unconventional method to deform tubular components to the desired shape of die
cavity by applying high pressure and axial feed displacement. Bi-layered tubing which consists of two different
metallic layers (such as aluminum and copper) is recommended to use in complex working environments as it
offers combined properties that single layer structure does not have. Using of this tubes are suggested in
transferring high-temperature corrosive fluids, aerospace and aviation industries, oil production and nuclear power
plants. In this paper, thickness reduction and wrinkle height of the bi-layered hydroformed tube are modeled in
terms of geometrical factors (lengths, diameter and thickness of inner and outer tubes, lengths and heights of
bulge, Chamfer lengths) using finite element method and design of experiments (DOE) with surface response
method (RSM). As well, finite element model was built and experimentally validated. The geometrical factors
effects and their interactions on the responses were determined and discussed. Optimum geometrical factors are
obtained by minimizing thickness reduction and wrinkle height using multi-objective optimization. The
optimization results are in good agreement with the experimental test.

Finite element analysis
Response surface method
Multi-objective optimization
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Fig. 1 Six steps for tube hydroforming process
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Table 3 Design matrix for modeling geometrical parameters

e bl b siledse slp (b o ple 350

J 92818 5)9Ud 9 pole &y yuis

[y

o 5l Y culs t Soym aY Culxs H o,\.ﬂ,, 4>t gl )| Lbb.\ATﬁ 4>l Job D algil Has L. & Jsb L Jsb s
(mm) (mm) (mm) (mm) (mm) (mm) (mm) ’
0.60 0.60 2 28 24 4 160 1
1.20 0.60 2 28 28 8 160 2
0/60 1.20 2 24 20 12 98 3
120 0.60 2 28 28 8 160 4
1.20 0.60 6 20 28 5 80 5
1.20 1.20 4 28 20 4 160 6
0.60 1.20 2 28 20 4 86 7
0.60 1.20 6 28 20 12 160 8
1.20 0.60 2 28 24 12 102 9
0.60 0.60 2 20 28 4 80 10
1.20 1.20 2 20 24 12 94 11
0.60 1.20 2 28 28 8 94 12
0.60 1.20 4 20 28 12 160 13
0.90 1.20 6 20 20 4 160 14
0.90 1.05 5 25.7 26 9.65 109 15
1.20 0.90 6 20 20 12 160 16
1.20 0.60 6 20 28 5 80 17
0.60 0.60 6 20 20 4 120 18
1.20 0.60 6 28 20 12 160 19
0.60 0.90 2 20 20 4 160 20
1.20 0.60 2 20 28 12 127 21
1.20 1.20 6 28 28 12 160 22
0.60 0.90 2 20 20 4 160 23
1.20 0.60 4 20 28 4 160 24
0.90 1/20 6 28 20 4 86 25
0.60 1/20 2 28 28 4 160 26
1.20 0/60 2 20 20 8.5 87 27
0.60 0/60 2 28 20 8 94 28
0.60 1120 2 20 24 5 80 29
1.20 0/60 2 24 20 4 160 30
1.20 1.20 4 20 20 5 80 31
0.90 0.60 2 20 20 12 160 32
0.60 0.60 6 20 28 8 160 33
0.90 0.60 2 20 20 12 160 34
0.60 1.20 6 28 20 12 160 35
0.90 0.60 6 28 28 12 102 36
1.20 1.20 2 28 20 12 102 37
0.60 0.60 6 20 20 12 94 38
0.90 0.60 6 28 20 4 160 39
1.20 1.20 2 20 24 4 160 40
0.60 0.60 6 28 28 4 86 a1
1.20 0.60 4 28 20 4 86 42
1.20 0.60 6 28 28 4 123 43
0.60 1.20 6 20 28 4 80 a4
0.60 0.90 2 28 28 12 160 45
1.20 1.20 2 25 28 4 83 46
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Table 4 Responses obtained for the design matrix
(MMYWr 55,55y glis)| %) Tr o)l0 Cusles Lals pasiSle  ojleds Soyiinz gyl ojlnd Culks ol pey S oylos
(mm) Wr %) Tr
0.265 7.16 24 0.107 7.94 1
1.80 1.60 25 0.0658 2.37 2
0.0927 5.43 26 0.0416 3.72 3
0.264 -0.69 27 0.166 2.37 4
0.101 7.39 28 0.019 19.61 5
0.235 3.79 29 1.22 -0.077 6
1.13 0.334 30 0.042 2.64 7
1.92 -0.356 31 0.653 70.68 8
0.0686 2.29 32 0.065 1.38 9
0.228 50.58 33 0.207 7.86 10
0.0686 2.29 34 0.159 -0.716 1
0.653 70.68 35 0.246 5.71 12
0.109 47.50 36 0.091 15 13
0.844 -0.46 37 1.58 1.95 14
0.104 49 38 0.0252 31.01 15
0.01 51.57 39 1.410 0.028 16
0.867 -0.365 40 0.0142 19.61 17
0.132 60.72 41 0.0258 47.80 18
2.01 1.58 42 1.340 1.12 19
0.0195 19.35 43 0.103 3.87 20
0.0005 35.70 a4 0.218 2.21 21
0.158 7.70 45 0.0182 38.13 22
0.249 0.31 46 0.06888 3.87 23
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