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Multi-objective optimization based on the aging laws of automotive exterior materials
MIN Quanzhao,ZHANG Wanxin, YANG yong
(Institute of Automotive Engineering, Guangzhou Automotive Croup Co.,Ltd.,Guangzhou 511434, China)

Abstract : Currently, research on the aging performance of automotive exterior polymer materials has primarily focused on
developing theoretical models and empirical formulas for lifespan prediction, while studies exploring multi-objective optimization of
aging performance remain comparatively limited. In this study, natural atmospheric exposure tests and damp-heat xenon lamp accel-
erated aging tests were conducted on the widely used modified polypropylene. A comparative analysis was performed on post-aging
indicators, including color difference, gloss loss rate, tensile strength retention, flexural modulus retention, and microscopic morphol-
ogy. The results indicate that under natural aging conditions, both color difference and gloss loss rate increase progressively with
extended aging time. In contrast, during accelerated aging, the initial stage is characterized by post-crystallization effects arising
from molecular chain rearrangement in the amorphous region. This leads to a bimodal fluctuation pattern in both color difference
and gloss loss rate over time, albeit with an overall upward trend throughout the aging process. For tensile strength retention rate, a
decreasing trend is observed under both aging modes; however, the rate of decline is more rapid in accelerated aging compared to
natural aging. Regarding flexural modulus retention rate, both aging modes exhibit a similar trend of initial increase followed by a
subsequent decrease. Based on experimental data regarding appearance and mechanical properties, combined with multi-objective
constraints, an accelerated aging mathematical model was developed via fitting using a weighted evaluation method and response
surface analysis. Finally, the NSGA-II genetic algorithm was utilized to obtain the optimal Pareto front solution set for untested
aging cycles. Validation of the aging mathematical model was conducted using three automotive exterior products, yielding the
prediction accuracy exceeding 80%. This confirms the model’s excellent capability to predict the aging degradation performance of
such products.
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Tab.1 Performance parameters of PP+EPDM-TD20

Color Tensile Flexural
Item difference Gloss strength/ modulus/
MPa MPa
PP+EPDM-TD20 0 25 28 2650
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Tab.2 Parameters of damp-heat xenon lamp accelerated aging test

Parameters Conditions
Filter combination PyrexS/PyrexS
Black standard temperature/°C 65+2
Chamber temperature/°C 35~45
Relative humidity/% 60~80
108 min dry cycle followed
Spray cycle by 12 rrrl}i/n Z]pray cycle
Irradiance intensity(340 nm)/(W +m?) 0.5
Irradiance energy(340 nm)/(kJ+m %) ~2 900
Exposure time/h 3200
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Fig. 1 Arrangement of samples in damp-heat xenon lamp accelerated

aging test
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Fig.2 Color difference of accelerated aging and natural aging
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Fig. 3 Gloss loss rate of accelerated aging and natural aging
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Fig. 5 Flexural modulus retention of accelerated aging and natural aging
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Fig. 6 Microscopic morphology of sample surfaces with different accel-

erated aging durations
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Fig. 7 Microscopic morphology of cross-sections of samples with

different aging durations
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Fig. 10 Pareto optimal front solution set after 300 generations

®3 ZHARMUER
Tab.3 Result of multi-Objective Optimization

No O 0, t/h 1,/h t/h t/h
1 —1051 10153 168524 260430 314409 2630.03
2 -1051 10152 168529 260429 315871 2612.19
3 -10.50 10149 179862 259139 3200.00 253843
4 -1051 10149 173037 259632 3200.00 253852
5 —1051 10150 168543 2603.99 3178.13 2569.40
6 1050 10149 175106 259473 3200.00 253843
7 -10.51 10149 1691.15 2599.10 3200.00 2 543.90
8 1051 10149 169049 260251 319977 254472
9 -10.51 10149 169452 259834 3200.00 253864
10 -10.50 10149 175938 259332 3200.00 253843
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Tab.4 Result of physical testing

Door exterior ~ Wheel Cover Predicted
Ttems . Average

trim panel brow plate value

Color 0.32 027 025 028 0.27
difference

Gloss loss 11.5 126 152 13.1 13.9
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