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Prediction of Spring-back Values in U-bending of High Strength Steel
By Using Back Propagation Neural Network
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Abstract
High strength steel (HSS) had been used as the raw material for production with requiring light and high
strength components; for example, reinforcement sections, chassis and etc. However, the strength and the hardness

of steel were relatively high leading to have low formability andlarge spring-back occurring after forming operation.
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Therefore, the shapesof workpiece were changed. The study proposed the model to predict the spring-back values

in U-bending of cold roll high strength steel grade SPFC 980Y (JIS) by using back propagation neural network.

Thedataconsisted of the punch radius (Rp), the die radius (R), the clearance (C) and the counter punch force (F).The back

propagationneural network model was trained by U-bending experimental data 67 times. The results showed the mean

square error (MSE), the maximum percentage error (0.11) and the minimum percentage error (0.04).

Keywords : Spring-Back, Back Propagation Neural Network, High Strength Steel
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Figure 1 Spring-back mechanism of workpiece after bending (ﬂ’mﬁg‘Wﬁ LazALY, 2550)
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Figure 2 U-bending Die

Table 1 Value of factors that study in U-Bending Process

Factors Value in the Experiment
Punch radius; Rp [mm] 0,2,6,10, 15

Die radius; R, [mm] 2,5,10

Clearance; C,[mm] 0.9,1.0,1.1

Counter punch force; F, [kN] 7

1.2 Japnltlunisnaaas
wWiAnN&1ANLEUIgFaEWNTA SPFC AINNIATEIW ASTM E8 A119U 5 Tunadew way
980y (JIS) gnlilunimaaas lnadanifiniena  n1mAdaLA NI (hardness testing) uamalu

AlAarnnIInAdaL IR (tensile  testing)  Table 2

Table 2 Mechanical Properties of the workpiece material

Mechanical Properties

Tensile Strength [N/mm2] 1002
Yield Strength [N/mm®] 712
Elongation [%] 16

Hardness [HV] 332
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Table 3 Experiment data from U-Bending process of SPFC 980Y (JIS)

No. R, R, o} F, Sb

1 0 2 0.9 7 85.17
2 0 2 1.0 7 83.73
3 0 2 1.1 7 86.53
4 0 5 0.9 7 90.51
5 0 5 1.0 7 89.15
6 0 5 1.1 7 87.27
7 0 10 0.9 7 89.66
8 0 10 1.0 7 89.07
9 0 10 1.1 7 87.60
10 2 2 0.9 7 85.47
11 2 2 1.0 7 85.45
12 2 2 1.1 7 85.60
13 2 5 0.9 7 85.45
14 2 5 1.0 7 86.34
15 2 5 1.1 7 85.12
16 2 10 0.9 7 86.19
17 2 10 1.0 7 85.55
18 2 10 1.1 7 84.57
19 6 2 0.9 7 86.60
20 6 2 1.0 7 86.11
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Table 3 Experiment data from U-Bending process of SPFC 980Y (JIS) (cont.)

No. R, R, C F, Sb

21 6 2 1.1 7 87.84
22 6 5 0.9 7 88.18
23 6 5 1.0 7 88.60
24 6 5 1.1 7 90.17
25 6 10 0.9 7 88.39
26 6 10 1.0 7 88.28
27 6 10 1.1 7 89.05
28 10 2 0.9 7 88.48
29 10 2 1.0 7 89.17
30 10 2 1.1 7 89.19
31 10 5 0.9 7 91.78
32 10 5 1.0 7 91.50
33 10 5 1.1 7 94.02
34 10 10 0.9 7 94.36
35 10 10 1.0 7 93.64
36 10 10 11 7 95.33
37 15 2 0.9 7 88.92
38 15 2 1.0 7 89.88
39 15 2 11 7 92.07
40 15 5 0.9 7 95.12
41 15 5 1.0 7 96.87
a2 15 5 11 7 99.45
43 15 10 0.9 7 97.54
44 15 10 1.0 7 97.51
a5 15 10 1.1 7 98.31

Total 297.00 25500  45.00 76.50 4034.79

Average 6.60 5.67 1.00 1.70 89.66
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Table 5 Maximum and Minimum data of factors that study in the U-Bending Process.

Factors

Maximum Value Minimum Value

Punch radius (Rp)
Die radius (R,)
Springback Angle (Sb)

15 0
10 2
99.45 83.73
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Table 6 Invert equation of factors that study in the U-Bending Process.

No. Factors Invert equation
1 Punch radius (R)) x=X,015
2 Die radius (R,) x=X (8)+2
3 Springback Angle (Sb) x=X,(1572)+83.73
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Table 7 The results of collecting data with k-fold cross-validation

k-fold Cross Total Mean Square Error (MSE)
1 0.020
2 0.015
3 0.019
Average 0.018
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Table 8 The weight of each neuron in the hidden layer, from learning with a second data set.

Id. of neuron in hidden layer

Weight value

1

2
3
4
5
6

0.690
0.099
0.183
0.160
0.834
0.795

6.n15d5149TAs9t1adssd N INEN LA
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Hidden
Layer

Input
Layer

Figure 3 The structure of Neural Network.
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Figure 4 The result of neural network learning, from beginning until convergence.
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Table 9 The results of neural network prediction.

No. (Rp R Target Values Predicted Values Errors
1 0.000, 0.000 0.000 0.094 0.094
2 0.000, 0.375 0.345 0.135 -0.210
3 0.000, 1.000 0.340 0.223 -0.117
4 0.133, 0.000 0.109 0.132 0.023
5 0.133,0.375 0.166 0.185 0.019
6 0.133, 1.000 0.116 0.290 0.174
7 0.400, 0.000 0.151 0.258 0.107
8 0.400, 0.375 0.310 0.338 0.028
9 0.400, 1.000 0.289 0.464 0.175
10 0.667, 0.000 0.346 0.431 0.085
11 0.667 ,0.375 0.494 0.520 0.026
12 0.667 , 1.000 0.630 0.635 0.005
13 1.000, 0.000 0.391 0.623 0.231
14 1.000, 0.375 0.836 0.694 -0.142
15 1.000, 1.000 0.877 0.772 -0.105

ARNALARRUIRINANITNIUILHILITUIAIAIN

AAALAARUNNAIE29LaAE (MSE) WUIINANT

a1n Table 9 tHann1sdAAIALN

NUEIAN3RAFINAU AN A N uEi TR

tnala el AINATINAMNARNALAAIUN AR
ANBULANABINTL 0.015 19iiannnnnnwne 16
ANANAAIALAREUTAENAA LAz ATAINAATA

LPABUNNTAAWINTL 0.004 WAz 0.232 ANAIAL
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range of prediction
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Figure 5 The results of neural network prediction.
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