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Abstract

Recently, independent suspension systems have been applied not only to passenger cars but also to large commercial vehicles. Therefore,

the need for research to domestically produce such independent suspensions for large commercial vehicles is gradually increasing. In this

paper, we conducted research on the manufacturing technology of the relay lever, which are integral components of independent suspension

systems for large commercial vehicles. Our goal was to reduce the flash volume generated during the forging process. The shape variables

of the initial billet were adjusted to find proper forming conditions that could minimize flash volume while performing product forming

smoothly. Shape variables were set as input variables and the flash volume was set as an output variable, and simulations were carried out

to analytically predict the volume of the flash area for each variable condition. Based on the data obtained through numerical simulations, a

regression model and an artificial neural network model were used to develop a prediction model that can easily predict the flash volume

for variable conditions. For the corresponding prediction model, a goodness of-fit test was performed to confirm a high level of fit. By

comparing and analyzing the two prediction models, the high level of fit of the ANN model was confirmed.
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Fig. 1 3D modeling of target product(relay lever)
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Fig. 3 Forging simulation configuration for relay lever

Table 1 Orthogonal array for parameters

X X 85 90 100
X,103]04]05]03({04|05[03/]041]0.5
500 1 4 7 110 | 13|16 | 19 | 22 | 25
600 2 5 8 | 11 | 14 | 17 | 20 | 23 | 26
700 3 6 9 (12| 15 | 18 | 21 | 24 | 27
X, : Diameter(mm) X, : Bending point X;: Length(mm)
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Fig. 4 Numerical simulation results
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Fig. 5 Shape of simulation result after cutting process

Table 2 Summary dataset for flash volume

Dataset for flash volume (unit : mm®)

original regression ann

1 1066970 1092961 1069981

2 1415950 1363304 1424111

3 1676740 1742544 1676985

4 969059 1050328 980408

5 1402530 1375387 1333986

6 1831030 1809345 1849374

7 975492 951505 983797

8 1392520 1331281 1383365

9 1806320 1819955 1828812

10 1350870 1282812 1335301

11 1669330 1552398 1638790

12 1924130 1930883 1923364

13 1271230 1266644 1266791

14 1299440 1618733 1413073

15 2201500 2079720 2178307

16 1269210 1266644 1266967

17 1719100 1628878 1687064

18 2094270 2172367 2106480

19 1893730 1931482 1905078

20 2166960 2199556 2164767

21 2507790 2576528 2536561

22 2056690 1968245 2055122

23 2346670 2374393 2338573

24 3051520 2889439 3015717

25 1906190 1948818 1913625

26 2524470 2493039 2527258

27 3073640 3146159 3073242
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Table 3 Regression coefficient

coefficient value coefficient value
B, 2.7120 By 2.587E-6
B, -0.0986 B -1.0690
B, 8.520E-4 B 0.0198
B -1.3350 B, -7.993E-5
B, 0.0045 B 2.640E-4
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Fig. 6 Graphical validation for prediction data Fig. 7 Residual plot for each model

Table 4 Summary of goodness-of-fit test
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