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Abstract: Thickness profiled blank is designed using optimization techniques for maximizing the bulged heights during
the free bulging of Inconel 718. The thickness of the blank was described by the Bezier curve and the locations of the
control points were used as the design variables for optimization. The maximization of the bulged heights within the
limited strain range served as the objective function and constraints for optimization. The equivalent static loads
method for non-linear static response structural optimization (ESLSO) was used and the result of the optimization
revealed 22 increased bulged heights. A free bulging test using a blank with an optimized profile was conducted to
verify the optimization process. The results were compared with those of numerical analysis in terms of bulged height
and deformed shape.
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Fig. 1 Experimental setup for free bulging test
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Table 1 Material Parameters for flow stress of Inconel

718 at 980C
m 0.221
n 0.072
Ky 548.17 MPa
f(e)=0 whens<g,
f f(e&)=f, +Aexpge) whene>g,
Jo=-5230 4=3.887 n=0.714 £ =0416
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Fig. 3 Finite element model and boundary conditions
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Fig. 6 Design domain and blank shape which has
profiled thickness
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Table 2 Locations of control points after optimization

(mm)

Control point t t; t; ty

Thickness location | 515 |y g51 | 0936 | 1.013
(mm)

Radial location |5 g)¢ | 26124 | 47374 | 63390
(mm)
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Fig. 7 Optimized thickness profile for free bulging

50.0 60.0

0.5

045

04

035

03

Strain

0.25

0.2

015

01 | I I | |
0 5 10 15 20 25 35 40

Radius (mm)

30 45 50

= oFlat blank === Optimized blank

Fig. 8 Strain distribution after forming

— Test result

Numerical analysis result &= |
Fig. 9 Comparison of deformed shape between analysis
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Table 3 Thickness comparison of bulged part
Radius (mm) 0 10 20 30 40 50
Analysis 1.142 | 1.156 | 1.117 | 1.045 | 0.981 | 1.093
(mm)
Measurement | 55 | o9 | 118 | 112 | 097 | 1.08
(mm)
Relative error
%) 937 | 898 | 534 | 670 | 1.13 | 1.20
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