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ABSTRACT: The work aims to predict the temperature changes of the parts of a car in the Phoenix area of the United States
based on the test data of the temperature changes of the parts of the car naturally exposed in Turpan, China. With the temperature
of the auto parts was taken as the output variable, the key features that affect the temperature changes of the auto parts (test time,
atmospheric temperature, solar radiation) were extracted as the input variables. At the same time, a formula was used to correct
the solar radiation of parts in different latitudes to eliminate the effects of geographic location. Software such as python were
used to build a machine learning model. The test data in Turpan were used to train the model, and then the temperature change
of the auto parts in the Phoenix area of the United States was predicted. The prediction results showed that the gradient boosting
algorithm model had good generalization ability and prediction accuracy. The average absolute error between the predicted value
and the actual value was within 3.3 degrees, and the goodness of fit R? was greater than 0.90. The BP neural network and ran-
dom forest algorithm models also had good prediction accuracy. Using the natural exposure test data of a car at a test site in my

country could predict the temperature changes of auto parts under the meteorological conditions in similar regions abroad. The
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research in this work has certain guiding significance for predicting the temperature changes of auto parts under the natural en-

vironment of similar regions in other countries based on the results of the natural exposure test of auto parts in China.

KEY WORDS: big data analysis; neural network; machine learning; outdoor exposure test of vehicle
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Fig.1 Spearman's correlation coefficient between temperature
changes of auto parts and meteorological environment: a)
outer surface of middle roof; b) upper surface of right outer

rearview mirror housing; c) surface of the middle of the front
bumper (at trademark)
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Fig.2 Effects of the number of hidden layer nodes on the pre-
diction performance of the model: a) outer surface of middle
roof; b) upper surface of right outer rearview mirror housing;
c) surface of the middle of the front bumper (at trademark)
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Fig.5 Comparison between the prediction results of and the

true value the gradient hoist model (outer surface of middle

roof): a) comparison chart of some predicted value and true
value; b) error distribution diagram
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the front bumper): a) comparison chart of some predicted
value and true value; b) error distribution diagram

A5, HA—ERIRTE . RO A S KA B Ak

SRt

2) FHER (2) B IEJG W 7R 455052 2 10 K BH 4
HRMH R VR MERIESEL, WIS B R i T &R . 24K
PR B AL TE S 228 | ( M43 Af IR 20 ) B, 1A
B IE R AR, R PHA B 55 Y M 2 2 oK
ZAIT R ZE SRR, HIERNRERE E22
IR PH A BECR 28 SR RE s, - L I A7 K PH i) A
R, MU (2) xbEp sz 2 0% ik T8 2 A
PR X

3 ) IR FE FE P R ol T VR A A TR
AL DL [ A AR AR M XA 4 R 3R 4 A A Tl A
e AT H .

SE

(11 Wk, B30, BfRs. IREREL EEAE R m
HZEMHI]. FEEHR, 2011, 36(6): 39-42.
YANG An-zhi, WANG Wen-tao, ZHAO Fu-quan. Analy-
sis of Major Environmental Factors for Automotive
Weather Aging[J].
36(6): 39-42.

2]  E& K47 TE AL A SRR B2 AT o S Ak
FAHUMARFED]. T M AR TR, 2018.
WANG Jian. Study on Aging Behavior and Service Life
Prediction of Automotive Products under Typical Natural

Environmental Technology, 2011,

Environment[D]. Guangzhou: Guangdong University of
Technology, 2018.

31 Jarde. 4 am Al ik s K By R E ). 54T
T2, 2015(2): 18-20.
LI Cheng-long. Vehicle Corrosion Test and Corrosion



+ 108 -

2023 42 A

(10]

[11]

[12]

Protection Measures[J]. Auto Engineer, 2015(2): 18-20.
XA, B 42 g8 B PP AN T I SR [D]. K&
HMORE, 2020.

LIU Dong-jian. Research on Vehicle Corrosion Test and
Evaluation Method[D]. Changchun:
2020.

SETETT, BRYK, T4#, &, A RIE I i
2L ol 1) UG 2 AT (0], RCE LA S5 APRE, 2010(10):
44-46.

WAN Ping-fang, CHEN Zheng, YU Jin-xin, et al. Analy-
sis of Scribed Corrosion in Enhanced Corrosion Test of

Jilin University,

Passenger Cars[J]. Automobile Technology & Material,
2010(10): 44-46.

XUZRAG, YR, ARUMERE. R AL E e e E 1
Jrik[)]. AR T, 2019, 16(8): 21-27.

LIU Dong-jian, SHEN Yue, ZHU Huai-feng. Evaluation
Method for Test Ground Transferring of Vehicle Corro-
sion Test[J]. Equipment Environmental Engineering,
2019, 16(8): 21-27.

FEZSF, SR VORI ECPERERITSEL. VO
A, 2004(7): 26-30.

ZHUANG Yi-ling, ZHANG Qi-jian. Study on Ageing Re-
sistance of Automotive Coat[J]. Automobile Technology,
2004(7): 26-30.

TR, VEIMERIR 2 SR R 2 A MR AN 7
0] PLH TREHR, 2010, 39(7): 57-58.

ZHANG Chun-hua. The Evaluation Method for Automo-
tive Coating and Polymer Materials Product Aging Prop-
erties[J]. Mechanical & Electrical Engineering Technol-
ogy, 2010, 39(7): 57-58.

PURE, T3, REA. REM&ED TR 2R
R KRR R4 T 25K, 2004(11): 29-32.

YAN Jing-lian, WANG Ling, LIANG Xing-cai. Aging
Test Technology and Development of Automotive Mac-
romolecule Materials[J]. Automobile Technology & Ma-
terial, 2004(11): 29-32.

TR, BECH, 2R REREAT R NG R E L
WFFT]. 2438 TR, 2010, 7(3): 10-13.

WANG Jun, JIE Gan-xin, PENG Jian. Study on Aging of
PP Materials for Auto Bumper[J]. Equipment Environ-
mental Engineering, 2010, 7(3): 10-13.

GB/T 40512—2021, VR4 A RB TR T4 (S].
GB/T 40512—2021, Test Method of Exposure to
Wearthering for Motor Vehicle[S].

QC/T 728—2005, R LRI AT I IL[S]
QC/T 728—2005, Test Method of Exposure to Wearther-
ing for Motor Vehicle[S].

T8, W, R, 5. B4R R IR Y
FEMMENE]. 5B, 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.
CHAKROUN W, AL-FAHED S. Thermal Comfort
Analysis Inside a Car[J]. International Journal of Energy

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Research, 1997, 21(4): 327-340.

SHOJAEE M H, TEHRANI F P H, NOORPOOR A R, et
al. Analysis of Vehicle Passenger Compartment HVAC
Using Simulation[C]//SAE Technical
Warrendale: SAE International, 2004.
CHIEN C H, JANG ] Y, CHEN Y H, et al. 3-D Numerical
and Experimental Analysis for Airflow within a Passenger

Paper Series.

Compartment[J]. International Journal of Automotive
Technology, 2008, 9(4): 437-445.

WY, FIRFR G T IR A3 b L2 A AR A S A AL
HROTESIKRHIIED] M AR BT RE, 2015.

LI Li-fen. Simulation and Experimental of Vehicle Cabin
and Components Thermal Load under Natural Expo-
sure[D]. Guangzhou: South China University of Tech-
nology, 2015.

Wi, #000is, 2oy, 5. 2B f iR e N
T A% PR PR AR B AR A BB FE (0], 9% AR,
2015, 37(11): 1253-1259.

CHEN lJi-qing, GUO Qiao-yan, LI Li-fen, et al. A Re-
search on the Heat Transfer Characteristics and Tempera-
ture Field Change of Vehicle Internal and External Sur-
faces during Ageing Test[J]. Automotive Engineering,
2015, 37(11): 1253-1259.

LIU Lu-yao, ZHAO Yi, CHANG Dong-liang, et al. Pre-
diction of Short-Term PV Power Output and Uncertainty
Analysis[J]. Applied Energy, 2018, 228: 700-711.

LIU Ting-li, LIU Lun-yang, CUI Feng-chao, et al. Pre-
dicting the Performance of Polyvinylidene Fluoride, Poly-
ethersulfone and Polysulfone Filtration Membranes Using
Machine Learning[J]. Journal of Materials Chemistry A,
2020, 8(41): 21862-21871.

SUN Wen-bo, ZHENG Yu-jie, YANG Ke, et al. Machine
Learning-Assisted Molecular Design and Efficiency Pre-
diction for High-Performance Organic Photovoltaic Ma-
terials[J]. Science Advances, 2019, 5(11): eaay4275.
ST . B XS il R T e N G BB AR BIE S (D).
I AERRHERAE, 2017,

WU Chao-yong. Research on Key Technologies of Big
Data-Driven Bearing Useful Life Prediction[D]. Wuhan:
Huazhong University of Science and Technology, 2017.
HAN Shuang, ZHANG Lu-na, LIU Yong-qian, et al. A
Data Sample Division Method for Wind Power Prediction
Based on China's 24 Solar Terms[J]. International Trans-
actions on Electrical Energy Systems, 2020, 30(7):
834-851.

TOMASZ D. #IE/HrIciiM]. AFHEE. duat: L
BTl AL, 2018.

TOMASZ D. Practical Data Analysis Cookbook[M].
DIAO Shou-jun Translated. Beijing: China Machine
Press,2018.

TN, s, &, MATLAB #HZ M4 43 50615
BriM]. dEst JERTHTAs AR i, 2013.

WANG Xiao-chuan, SHI Feng, YU Lei. Analysis of 43
Cases of MATLAB Neural Network[M]. Beijing: Beijing



F20% 2

e, A TR IR S A A R R T AR B 4 5 - 109 -

University of Aeronautics & Astronautics Press, 2013.
IR - 13K, Python VREEJ[M]. TKseik. Jbat:
N BEHBHL H AL, 2018.

CHOLLET Frangois. Deep Learning with Python[M].
ZHANG Liang Translated. Beijing: Posts & Telecom
Press, 2018.

JERE, HlaEI M) JER: B R, 2016.
ZHOU Zhi-hua. Machine Learning[M]. Beijing: Tsinghua
University Press, 2016.

TARIQ R. Python #2245 ga A2 [M]. PRIGHEE. Jbat: A
FRMREE A, 2018.

TARIQ R. Make Your Own Neural Network[M]. LIN Ci
Translated. Beijing: Posts & Telecom Press, 2018.
LEWIS N D. Python 223 [M]. w1k, Jbat: A
FRMREE A, 2018.
LEWIS N D. Deep Learning Step by Step with Py-
thon[M]. ZHUAN Qing-shan Translated. Beijing: Posts &
Telecom Press, 2018.
KURKOVA V. Kolmogorov's Theorem and Multilayer
Neural Networks[J]. Neural Networks, 1992, 5(3):
501-506.

SRS XA



