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ABSTRACT: Taking the whitening phenomenon for the ventilation panel of some model of automobiles as an example, this
paper studied and established the calculation model of comprehensive effects of main environmental factors that affect the natu-
ral aging of automobile parts. Based on the experimental database and mutual information theory analysis method, this paper
determined the main environmental factors affecting the whitening of automobile ventilation cover, and deduced the compre-
hensive calculation model of the main environmental factors. Based on the solar radiation and temperature data recorded every 5

min on the surface of the automobile ventilation cover plate in different areas, the environmental comprehensive effect value of
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the whitening of the ventilation cover was calculated accurately. The calculation results show that when the photothermal

equivalent irradiation value is greater than 1882.8 J/cm?, the ventilation cover will whiten. According to the natural exposure test

results of automobile exterior plastic parts in typical regions, the service life of other regions can be predicted by this model.

KEY WORDS: big data analysis; natural exposure test of automobiles; light-heat aging; equivalent radiation
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Fig.1 Appearance changes of ventilation cover before and after tests: a) Qionghai; b) Turpan
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Fig.2 Analysis of surface morphology of ventilation cover: a) original sample; b) after exposure
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Tab.1 Aging data records of automobile exterior materials
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Fab.2 Data records of atmospheric environmental conditions
™ =) b =1 =1

EIC BE/% (msT) R (W-m™?) /mm B%/h w%8/m
2015/11/25 10:00 28.7 62.5 1.0 NW 616 30 265 320 0.0 0.0 0.0833
2015/11/25 10:05 28.5 62.2 1.1 w 693 34 300 359 0.0 0.0 0.0833
2015/11/25 10:10 28.1 68.3 1.2 NW 676 35 288 353 0.0 0.0 0.0833
2015/11/25 10:15 28.6 63.0 0.5 ESE 698 34 297 366 0.0 0.0 0.0833
2015/11/25 10:20 28.5 64.2 1.7 NW 708 36 303 369 0.0 0.0 0.0833
2015/11/25 10:25  29.1 66.2 0.5 NNE 714 38 304 372 0.0 0.0 0.0833
2015/11/25 10:30  29.7 59.5 0.9 NW 745 40 317 389 0.0 0.0 0.0833
2015/11/25 10:35 28.9 58.1 0.3 WNW 779 39 338 402 0.0 0.0 0.0833
2015/11/25 10:40  30.0 57.4 0.8 WSW 827 39 359 429 0.0 0.0 0.0667
2015/11/25 10:45 29.0 56.5 0.3 W 991 48 435 508 0.0 0.0 0.0333
2015/11/25 10:50 28.2 60.6 0.0 SSW 352 14 155 184 0.0 0.0  0.0000
2015/11/25 10:55 28.0 60.5 0.4 WNW 226 9 96 122 0.0 0.0  0.0000
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Tab.3 Data records of micro environmental conditions of automobile parts

11 ] ‘%E - KFH B £/ g%%ﬁi/ TR :ﬁ@@ﬁ
MR/ C BAESHE/(W-m?) AR SHE/(Wom?) (W-m?) (W-m™) A1) /h
2015/11/25  10:00 45.73 616 30 265 320 0.0000
2015/11/25  10:05 46.96 693 34 300 359 0.0000
2015/11/25  10:10 47.84 676 35 288 353 0.0000
2015/11/25  10:15 47.46 698 34 297 366 0.0000
2015/11/25  10:20 47.95 708 36 303 369 0.0000
2015/11/25  10:25 48.64 714 38 304 372 0.0000
2015/11/25  10:30 49.46 745 40 317 389 0.0000
2015/11/25  10:35 50.51 779 39 338 402 0.0000
2015/11/25  10:40 51.15 827 39 359 429 0.0000
2015/11/25  10:45 51.51 991 48 435 508 0.0000
2015/11/25  10:50 49.11 352 14 155 184 0.0000
2015/11/25  10:55 44.78 226 9 96 122 0.0000
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Fig.3 Conditional mutual information value of ventilation
cover whitening
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Fig.4 Surface temperature of ventilation cover: a) after 6 months exposure at Qionghai, Hainan; b) after 6 months exposure at

Turpan, Xinjiang
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Fig.5 Temperature equivalent radiation value of ventilation
cover in different test sites

3 #it

1) i X EE R IS b, e H H Ak
#2100 R R E T R A A T BUIUR R R

2) MR KA IR EMIA B RS, RAE
E RIS A HT TR T T IR AL S A5 A
R AR TR . WX EE A5 KPR 4
FEHRE A SRR R

3) MR EFE P AR R BRI R, i
PSR R (R T 1882.8 T/em?® I, 1238 X35 Al
R RE A S ECE I8

RS

(1]

(2]

[3]

(4]

[3]

(6]

(7]

KR, AR, WMECH, % R ETEE R R
THRRRBEBRRAFII]. RET L 5K, 2014(11):
40-43.

ZHANG Xiao-dong, WANG Jun, JIE Gan-xin, et al. Re-
search on outdoor exposure test for automobile in Hainan
damp-hot climate[J]. Automobile technology & material,
2014(11): 40-43.

EB, W, BB, . F A AR IR AIRET Y
B ATHEAEL]. S B, 2019, 40(2): 131-136.
WANG Jian, PAN Xiao-tao, ZHENG Jun, et al. Weather
resistance of a new vehicle in damp-hot environment of
Hainan[J]. Corrosion & protection, 2019, 40(2): 131-136.
PR, B, MR, FF AR R R IR AL
SrRTRYIE ). FREHR, 2015, 33(6): 15-18.

LI Qiu-kui, HUANG Shao-yi, LIN Xu-bin, et al. The ap-
plication of failure analysis on atmospheric exposure test
for vehicles[J]. Environmental technology, 2015, 33(6):
15-18.

ER, R, BIOH, 55 47 R TR E S T A
BT W H AR BB RATIE[I]. FRBEHR, 2017, 35(2):
31-33.

WANG Jun, ZHANG Xiao-dong, JIE Gan-xin, et al. Re-
search on outdoor exposure test for automobile products
in typical arid climate in China[J]. Environmental tech-
nology, 2017, 35(2): 31-33.

LIU Jie, LI Zhao, ZHANG Lun-wu, et al. Degradation
behavior and mechanism of polyurethane coating for
aerospace application under atmospheric conditions in
South China Sea[J]. Progress in organic coatings, 2019,
136: 105310.

QC/T 728—2005, VRAEHE LR AT 7% [S].
QC/T 728—2005, Road vehicle test method of exposure
to weathering[S].

EIZ, XIELr, 8FM, & NS AR KRR

Y

BRI EE 5 B deER, 2009, 29(1): 69-75.



18k 1o

AR«

TR T8 R AR R AR B R EE 23 #r - 97 -

(10]

(11]

[12]

(14]

YAN Jie, LIU Li-hong, JI Chun-yang, et al. Development
of natural atmospheric environmental test in the world[J].
Journal of Chinese Society for Corrosion and Protection,
2009, 29(1): 69-75.
RiAEL. R ER M
Kz i, 2010.

LU Qi-kai. Automotive weathering test technology[M].

1. M EREE T

Guangzhou: South China University of Technology Press,
2010.

L RSB HER ML, TN AR TR
A, 2013.

MA Jian. Automotive weathering application technol-
ogy[M
nology Press, 2013.

PRt . VR4 o TR A 2 BT 0]
2020(4): 15-17.

CHEN Hao. Aging analysis of automotive polymer mate-
rials[J]. Auto engineer, 2020(4): 15-17.

SHANNON C E. The mathematical theory of communi-
cation 1963[J]. M D computing: Computers in medical
practice, 1997, 14(4): 306-17.

XIRER, AREEFY, XIERBL BT AR B m 2
WHFE SB[, AU E BRHOR AR (A A2 ),
2020, 35(1): 38-42.

LIU Cheng-xia, ZHU Min-ling, LIU Wei-qi. Study and
implementation of attribute reduction algorithm based on

]. Guangzhou: South China University of Tech-

YRR TR,

mutual information[J]. Journal of Beijing Information
Science & Technology University, 2020, 35(1): 38-42.
fgp B RZRBEE R AR kS U 5 A DESE[D]. P
2 PHEHE T RHORE, 2019.

CHE Jin-xing. Variable selection and forecasting method
for complex data[D]. Xi'an: Xidian University, 2019.
fTF5E, i, Tl B 5 R Rl 097 i
3 i Al SEVE AT 0T (0] Mias TREHERE, 2015, 6(2):
205-210.

HE Yu-ting, GAO Chao. Method of reliability life analy-
sis for product based on the fusion of test data and usage
data[J]. Advances in aeronautical science and engineering,
2015, 6(2): 205-210.

ARER. T RRAE 0T AR R Ak ) 52 2 5l T 5 2

[16]

[18]

[19]

[21]

FITEBIFED]. AL AL TR, 2015.

SHAO Zhen. Characteristic identification and dimension-
ality reduction based complex data forecasting and classi-
fication research[D]. Hefei: Hefei University of Technol-
ogy, 2015.

BER, s, RET. ST U R MR A IR
Y. AL 22 4 (A IR BEAAR), 2020, 44(4):
288-294.

ZHAO Si-yu, QIAN Ting, SONG Xiao-xue. Extraction of
decision rules based on granularity tree of decision attrib-
utes[J]. Journal of Hebei Normal University (natural sci-
ence), 2020, 44(4): 288-294.

WANG Zheng, ZHENG Xu, PAN Hong-guang, et al.
Information entropy multi-decision attribute reduction
fuzzy rough set for dust particulate imagery characteristic
extraction[J]. IEEE access, 2020, 8: 77865-77874.
VR, PR, ZUREHIE B RSB T2 TR [1].
] g T RS2 4 (F SRR, 2019, 32(4): 16-22.
XU Li-ting, LIN Yi-dong. Attribute reduction of
multi-decision fuzzy information systems[J]. Journal of
Minnan Normal University (natural science), 2019, 32(4):
16-22.

NS, kA, Bl e G A AR IR M R 5 U i
M. SHEALTAER, 2000, 26(12): 150-151, 154.

XIE Yin-bao, ZHANG You-sheng. Method of specifying
key condition attribut set in a database[J]. Computer en-
gineering, 2000, 26(12): 150-151, 154.

X &, RFID HEfENL RSB MR i 5e[D]. b
e R ERRERE A ST b E BB A B,
2010.

LIU Yu. Research on RFID Benchmarking System Design
and Performance Analysis[D]. Beijing: Institute of Auto-
mation, 2010.

kbR, ARG, KB, 4 T IREHRE TR AR S
MR AR 5T (1], FREERIR, 2020, 38(3):
97-100.

ZHANG Xiao-dong, WANG Wei-jian, QI Li, et al. Re-
search on light-heat aging model for automobile exterior
parts basing on big data analytics[J]. Environmental
technology, 2020, 38(3): 97-1000.



