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Prediction of melt temperature distribution in
vibration induced polymer plasticization

ZHANG Dong-zhi, YANG Yan-juan, CAI Jun

(School of Mechanical and Automotive Engineering , South China

University of Technology, Guangzhou 510640, China)

Abstract: Melt temperature distribution models for melting and plasticizing process of polymer materi-
als were presented in vibration field induced extrusion, and the influences of process parameters such
as die temperature, vibration amplitude and frequency on the melt temperature were investigated.
Two kinds of ridge regression models based on the nonlinear transforms of polynomial and Gaussian
RBF (PT-RR and GRBF-RR) were established to predict the melt temperature distribution with the
nonlinear, non-isothermal properties and strong-coupling extrusion. The two models have fulfilled the
nonlinear mapping and reconstruction of high-dimension feature space from multi-variable input sam-
ples, and obtained the coupling relations among multi-factor influences by the numerical simulation
based on GRBF-RR. The simulation and experimental results show that the two models are valid and
the correlation coefficients between the predicted values and that measured values are 0. 994 0 and 1

for PT-RR and GRBF-RR, respectively. As the GRBF-RR can offer higher model precision, it was
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used to illuminate the influences of process parameters on the melt temperature distribution. Obtained

results demonstrate that the model can provide a decision support for the quality control and process

parameter optimization.

Key words: polymer; melt temperature; nonlinear transform; model prediction; numerical simulation
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Tab.1 Experimental values of melt temperature distribution
Die Vibration Vibration Melt temperature distribution
temperature frequency amplitude point A point B point C point D
170 5 0.25 152.173 5 150. 626 3 152.263 2 151.157 9
170 5 0. 50 152.963 2 151.563 2 152.142 1 153.010 5
170 7 0.75 153. 247 4 153.215 8 153.126 3 153.915 8
170 10 0.25 153.910 5 154.073 7 153.710 5 153.563 2
170 10 0. 50 154.315 8 154.073 7 153.668 4 153.552 6
170 10 0.75 155.284 2 154.847 4 154.505 3 154.262 1
180 > 0.25 159. 884 2 160. 031 6 155.089 5 153.184 2
180 5 0. 50 161.163 2 160. 084 2 158.573 7 158. 036 8
180 5 0.75 162.047 4 161.678 9 159.273 7 160. 500 0
180 10 0.25 161.294 7 160. 436 8 159. 221 1 159. 268 4
180 10 0. 50 161.894 7 162.521 1 159.478 9 160. 315 8
180 10 0.75 162.126 3 163.273 7 162. 363 2 161.221 1
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Tab.2 Prediction and analysis for PT-RR and GRBF-RR models

CCs of measured points

Model Mean of CCs
A B C D
PT-RR 0.998 80.995 80.989 40.992 0 0.994 0
GRBF-RR 1. 000 01.000 01.000 01.000 0 1.000 0
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