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Energy Response Prediction for Sheet Metal Forming Processes
under Different Lubrication Conditions using Small-Data
Surrogate Models
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Abstract

Sheet metal forming is widely used in automotive and home appliance industries, but its process design and
optimization remain challenging due to nonlinear material behavior and complex frictional interactions. Finite element
Analysis (FEA) has been extensively employed to predict forming responses; however, its high computational cost limits
efficient parameter exploration. In this study, surrogate models are developed to predict energy-based responses of sheet
metal forming processes using a small-scale FEA database. Material properties and lubrication conditions are used as
input features, while energy-related indicators extracted from simulation results are adopted as outputs. Several regression
algorithms, including linear models, tree-based ensembles, and Multilayer Perceptrons (MLP), are evaluated and compared.
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for finite element analysis

. Young’s |,
Material D(er;s%p modulus E Y|e|(?MsFt)rae)ngth
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Al 1100 27 70 3b
STS304 793 193 205
Gl 7.85 210 270
SPCC 7.85 205 280
SS400 7.85 200 250
AZ31B 1.77 45 190
Cu 8.9%6 110 70
Brass 84 97 200
SPTE 7.85 210 280
Ti Grade 2 451 105 275
DP530 7.85 210 590
BeCu 8.25 128 450
Inconel 718 8.19 200 1035
Mild Steel, SS41 7.85 210 240
AAS052-O 2.68 70.3 89.6
AABOG1-T4 27 69 145
AA7075-T6 2.81 1.7 503
DCO1 7.85 210 140
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Fig. 1. Result of finite element analysis
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Table 2. Performance comparison of surrogate models for
energy response prediction

Model MAE | RMSE R’
MLP 0.1969 | 0.2806 | 0.9218
ExtraTrees 0.1924 | 0.2872| 0.9204
ElasticNet 0.2259 | 0.2918 | 0.9206
Ridge 0.2260 | 0.2946 | 0.9191
SVR (RBF, MultiOutput) 0.2057 1 0.3307| 0.8916
KNN 0.3469 | 0.4522 | 0.8026
RandomForest 0.344110.4760| 0.7833
HistGBDT (MultiOutput) 1.0144 1 1.1525| -0.1884
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Table 3. Comparison of top model performance by energy indicator (R*-based ranking)

Target 1st model (R?) 2nd model (R? 3rd model (R? Lowest model (R?)
E_total_end ExtraTrees (0.963) MLP (0.960) ElasticNet (0.959) HistGBDT (-0.202)
max_E_total MLP (0.979) ExtraTrees (0.963) ElasticNet (0.959) HistGBDT (- 0202)

max_KE ExtraTrees (0.969) SVR (0.967) MLP (0.961) HistGBDT (-0.151)

IE_end ElasticNet (0.792) Ridge (0.790) ExtraTrees (0.769) HistGBDT (-0.166)

Vz_end ElasticNet (0.940) Ridge (0.938) ExtraTrees (0.938) HistGBDT (-0.221)

R? comparison across models and targets
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Fig. 3. Heatmap of coefficient of determination (R?) across surrogate models and target variables
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