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Application comparison of response surface method and machine learning in optimizing laser transmission
welding plastic molding process
ZHANG Aiqing, WU Yitao, ZHANG Huang, CHEN Yani, WANG Ziyan, QIAO Haiyu
(School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215021, China)

Abstract : Addressing the lack of systematic comparison methods in process extrapolation optimization for laser transmission
welding of polycarbonate (PC) plastics, it was systematically compared the differences between the Response Surface Method
(RSM) and machine learning approaches that supports vector machine and artificial neural network (SVM/ANN) in terms of dataset
quality, modeling accuracy, and extrapolation prediction performance. First, datasets were constructed based on a three-factor, three-
level central composite design (CCD) with 17 experimental points and a full factorial design with 27 experimental points, followed
by RSM and SVM/ANN modeling. Second, tensile force for process extrapolation at a laser power of 20 W was predicted using the
developed models. Finally, validation experiments were conducted. The results show that the SVM/ANN model trained on ALL
dataset achieves significantly higher extrapolation prediction accuracy (MAPE is 2.95%, R* is 0.994) than the model trained on the
RSM-based dataset mean absolute percentage error (MAPE) is 21.32%, determination coefficient (R) is 0.729. The RSM mathemati-
cal model exhibits marked overestimation under certain conditions, with a maximum relative error of +165.26%, and shows system-
atic deviations in regions with a thickness of 3 mm, revealing its limitations in process window expansion. In contrast, the SVM/
ANN model based on the ALL dataset shows a maximum absolute relative error of only 7.64% under non-zero tensile fracture force

conditions, demonstrating excellent generalization ability. Considering both experimental cost and prediction accuracy, a process
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development strategy with RSM rapid modeling and iterative correction using validation points is recommended.

Keywords : laser transmission welding ; plastics ; response surface methodology ; machine learning ; extrapolation prediction ;
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Tab.1 Thermo-physical properties of the PC

Properties Values
Density/(kg-m™) —0.685T+1 253
Poisson's ratio 0.38
Specific heat/[J- (kg-K) '] 1.771T+1 537
Thermal conductivity/[W+(m-k)™'] —(5.536x107°)7+0.23
Tensile modulus/Pa 2.3x10°=1.5x10%(7-293)

Notes: 7 denotes thermodynamic temperature, with the unit of K.
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Tab.2 Transmission and absorption of PC with different thicknesses.

Thickness/mm
1 2 3
Transmission/%  90.993  90.234  90.949
Absorptance 0.044 0.044 0.044
Transmission/%  75.783  60.538  44.859
Absorptance 0228  0.388  0.587

Wavelength/nm Properties

980

1710

nm OGRS SW-22, TR Fil 0-22 W)5 980 nm
WOLAS (B SW-100, TR I 0~130 W), b —
WA BRAF] . PO A St [R5l ) A Ol
SIS AR T, £ THDGEE ELAR 53 5100 1 mm
(1 710 nm)#12 mm (980 nm). H: 1980 nm L%
] T ABUARE 150, DAkt G G 28 0] () A0 B4R S i . 4%
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Hrep it A 10% 33 S5 % o R I SO &
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Fig. 1 Schematic diagram of laser transmission welding of plastics
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Tab.3 Design table of experimental process parameters for laser

transmission welding of plastics

Level
Process Parameters Symbol = 0 ]
Thickness/mm D 1 2 3
Welding speed/(mm-s™") v 1 2.5 5
Welding power/W P 5 10 15
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Fig. 2 Distribution diagram of RSM test points
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parameters on breaking force
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Fig. 7 Scatter plot of fitted predicted values vs. experimental values

based on the RSM dataset
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Fig. 8 RMSE convergence curves of the model's training set and valida-

tion set based on the RSM dataset
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the model based on full-factor dataset
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Tab. 4 Tensile fracture force prediction results under different

models

Predicted tensile fracture force/N
RSM+ ALL+SVM/

Thickness(D)/  Speed(V)/

-1
mm (mms) RSM O GUMANN ANN

1 126367 126976 475.67

1 25 758.67 51114 627.77
5 2251 494.16 466.47
1 115423 100459  1231.69

2 25 651.45 768.20 877.57
5 119.00 308.70 260.62
1 64439 127004  872.02

3 25 143.83 681.11 434,57
5 -384.93 25.89 0.00
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Tab.5 Comparison between predicted tensile fracture force and experimental values for different models

Thickness(D)/mm Speed(¥)/(mm-s™")

Experimental value/N

Relative error/%

RSM RSM+SVM/ANN ALL+SVM/ANN
1 478.71 +163.99 +165.26 —0.63
1 2.5 637.25 +19.05 —19.79 -1.49
5 474.97 —-53.15 +4.04 -1.79
1 1253.79 —7.94 —19.88 -1.76
2 2.5 950.21 —31.44 -19.15 —7.64
5 272.03 —56.25 +13.48 —4.19
1 885.30 —27.21 +43.46 -1.5
3 2.5 455.49 —68.42 +49.53 —4.59
5 0 - 0 0

Notes: 1. For the condition with zero tensile break force (D=3 mm, V=5 mm/s), the SVM/ANN model classifies it as "non-weldable" via SVM clas-

sification and then outputs 0. The "relative error" recorded as "0" in the table merely indicates correct classification. 2. Under this same condition, the

RSM mathematical model gives a negative predicted value, so the relative error cannot be calculated and is denoted by "-".
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Fig. 11 Tensile force-displacement curves
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Fig. 12 Comparison of material tensile fracture force under different

conditions
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