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Modeling and optimization of the spring-back in creep forming process of tailor
machined blanks for aluminum alloy 7075 using adaptive neuro-fuzzy inference system
and particle swarm algorithm

A. H. Rabiee Department of Mechanical Engineering, Arak University of Technology, Arak, Iran

M. Safari Department of Mechanical Engineering, Arak University of Technology, Arak, Iran

V. Tahmasbi Department of Mechanical Engineering, Arak University of Technology, Arak, Iran
Abstract

The forming of tailor machined blanks due to the different thicknesses is more complex than the monolithic sheets. The presence of
two sections with different thicknesses leads to different formability behaviors and consequently their different spring-backs.
Therefore, it is important to examine the spring-back in the thin and thick sections of tailor machined blanks in order to minimize the
spring-back value. In this paper, an adaptive neural-fuzzy inference system is used to model the effect of important parameters to
predict the percent of spring-back corresponding to the thin and thick sections on the creep age formed tailor machined blanks. In
addition, the obtained model is used to optimize the creep forming process using particle swarm optimization algorithm. In order to
model the process behavior, some experiments have been performed on the creep forming of tailor machined blanks. The accuracy
of the obtained model is investigated using different figures as well as by the specific criteria RMSE , MAE , R , and MAPE .

Keywords: Creep forming process, Tailor machined blank, Spring-back, ANFIS network, Particle swarm algorithm.
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Sample | Time | Temperaure || SPCRERCE | STEREREK
(hour) = section (%) section (%)
1 6 160 103.23 166.62
2 6 180 69.13 103.33
3 6 200 43.30 70.09
4 6 220 28.77 50.76
5 6 240 22.51 61.48
6 10 160 86.14 149.58
7 10 180 51.55 79.87
8 10 200 32.58 43.4
9 10 220 14.06 19.50
10 10 240 16.14 35.90
11 14 160 71.50 137.72
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Rules Rule Description

If (t is t MF1) and (T is T MF1) then

Rule 1
ule (Sthin = al,l.t + al,z.T + 01’3)
If (t is t MF2) and (T is T MF2) then
Rule 2
= ule (Sthin = @21t +ay,.T +ay3)
= If (tis t MF3) and (T is T MF3) then
Rule 3 (Sthin = @31t +a35.T +a33)
If (t is t MF4) and (T is T MF4) then
Rule 4 (Sthin = @4t +ag,.T +ay3)
If (¢ is  MF1) and (T is T MF1) then
Rule 1 (Sthick =bi1t+by T +by3)
If (t is t MF2) and (T is T MF2) then
* Rule 2 (Sthick =bo1t +b2 2T +by3)
£ If (¢ is t MF3) and (Tis T MF3) then
Rule 3 (Sthick =b311 +b35.T +b33)
If (t is t MF4) and (T is T MF4) then
Rule 4

(Sthick =ba 14 +bg T +by3)
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12 14 180 44.62 74.02
13 14 200 25.01 28.61
14 14 220 14.98 12.89
15 14 240 14.33 18.93
16 18 160 64.89 142.57
17 18 180 30.99 82.52
18 18 200 22.05 27.84
19 18 220 4.23 13.62
20 18 240 16.33 11.80
21 22 160 60.74 152.60
22 22 180 37.36 80.77
23 22 200 22.67 23.93
24 22 220 18.44 11.11
25 22 240 22.90 13.29
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! Root mean square error (RMSE)

2 Mean absolute error (MAE)

* Correlation factor (R)

4 Mean absolute percentage error (MAPE)
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