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of typical parts of the vehicle, failure behavior of typical parts of the vehicle and temperature-corrected solar radiation in natural
exposure test and solar simulation test based on DIN 75220 standard were compared and studied. The correlation between the

statistics in the two test methods was analyzed. By combining the color difference of paint parts, the change results of gaps be-

tween interior and exterior trims and the typical failure problems of key components under the two methods, a customized solar

simulation test cycle suitable for simulating the typical hot-humid natural environment in Hainan, China was proposed. Accord-

ing to the research results, alarge cycle of complete vehicle solar ssimulation test based on DIN 75220 standard can reflect about

80% of the failure problems that occur in 3-6 months during humid-hot natural environment exposure test. The damp climate

cycle test in DIN75220 standard can better simulate the humid-hot natural environment in Hainan, China, and 35 damp climate

cycles can be used to simulate the natural exposure of complete vehicle in Hainan for 1 year.

KEY WORDS: natural exposure; complete vehicle solar simulation test; temperature-corrected solar radiation; weathering; hu-

mid-hot; aging
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Fig.1 Complete vehicle solar simulation test

% 1 DIN 75220 #rfEH 2 MSIEREIRIZF HK
Tab.1 Test procedure of two climate cyclesin
DIN 75220 standard

THEENEA RS ARG
8 h——T
3.5 h——T B 5h——F85 B
8h—T 1 12 h——iie B

3.5 h—T 1w 6 h——FE 5 BT
1h——4kfe | wes sy,  1h——2iE | sk gy,
R Eil

*& 2 DIN 75220 frE 2 MSEBERNINKESHILE
Tab.2 Parameter setting of two climate cyclesin
DIN 75220 standard

I8 o B TS ARG IR S ARG R
RIR TR KA IR
(42+3) C (42+3) C
aye AR 2 SR AHXT 2 SR
<30% >60%
NG S A G B
(1 000+100)W/m? (1000+£100) W/m?
RS KA IR
e (10+3) C (-<10%3) °C
o X2 SR X2 SRR
>55% RVFAEEK

2 HERKSH

2.1 RELBIEPABIMEHEXES

BBy AN 7 AN EEE W S TR e A 1
THREW ESESIELFE 3, £3H, tg. th. tw 200

F R B TR 5 TR SR IE ER ( dry-hot
cycle) . RS AETEH ( humid-hot cycle) DA M #4
PREE SRR (weathering ) 56 o A% ¥R BE A 725 18 5
02 Oty W IR e — W o5 7 e ARG AR |
TR S A R 56 A A X T IR AR BE B AR i I X
T RE N R A T 22, & M7 2 3{E 5390 R 35.43 FI
15.43. MUBLAT UL, A PRI, R A
8 AN T4 AR A AE S E BRI Bl il e iE i = S
MXRE 2, SRR B R LG K L FENERR
FE A AN . R AAEIE A, £ W R T
PRAAEE IR RSN, H 7 20 EE T DAE Y,
GG A P 4% 050 TR S N AR [ AR I a5 v
B a5 TR BRSO T S 3

*3 ARREEFGTAMBGERAMREREFZ
Tab.3 Surface temperature and its variance of typical
components in different tests

P aRtUR: 1 ¥iva td'C t/C tJC o2, od,
1 WRER 42 42 40 4 4
2 ZETH 95 90 85 100 25
3 AR S AT 82 80 77 25 9
4 EWNER 8 80 77 100 9
5 INELT 110 110 107 9 9
6 hER T 87 80 8 1 36
7 ZE TR THI AR 87 80 8 9 16

22 EWTASH
221 BEHRF

e 2 ks, PNAME R TH Y €0 22 KOG
R nE 2 s UL, FHEEIET DIN 75220 43R
FEOCAEALLR S, M3 1 a A4 B0 1 A4 0 A X 6 Xt P 1
MAE (JUHEXTPREGAT. . SRR ) Bt SOt
FA) 5 M) 7K ST B 7

PC. PS#HrifEMAZILZE R (INE 3 Fis ) Ep
E T X —4518, 2 FHlge ik, FROBELLL 4210
Ab PC. PS brifEti i 8,22 28 4k 53301 2 E SR 2% 10 3 4~ H
1Y) 58% N 41%., = NALFRMRAL PS #1RH (1,22 281k 1
T, UL B 4 Y 4 i B B X R AN B B
YA, W, 2 PUANHOGRE ST f BE R, AR
P 3005 42 T i A s o Al 1 2 Ak S8R I T 2 TS
B o et T4 IR BB A B, BHOBARILRIR 2 & f oh
F SRR G 1) 28%, BN 4R HE Bk UL, F5 2T
24 90 d [ BHYEBILA TS A ek 2 P 4h 1 a Bk
222 B4

TR 1) 2% B 2 T8 9 3 B VPN 1 S R bR 2 —
AR A 2 B b Rk RO AR P Y DB S 40 LA
ELEHMT T 80 AL E MBS AEE (W&l 4 s ) A
T LAE 1, AT A SRR 25 55, & 42 FHOGAR 8L



- 144 - E RN S 2023 46 A
3.0 130
o FGAEL o B ¢
251 o AR N 1201 o HRRMW
20} gﬁ 110 - . ]
§%0 o 0,900 g "% DD“
g sk ] %&ﬁ ™ u060:gg °<>0009903ngo agoo
o o %_;'
1.0 o o 90 o
oo ¢ o <><>g ° e o
0.5 8<> EZZoogau:oﬁ g Dono"ugnzo ° 20%000 80
%% 0 20 30 40 0 s 10 15 20 25 30
WO LTS
afi b L&
Pl 2 PSR (2% KOG A
Fig.2 Color difference and gloss change of interior and exterior trims: a) color difference; b) gloss
25 30
72 % : 72 %1
20 WK P SES 7% ?%
20
154
10
10+
5t sl
L Lo
FHOGHEEL EARZEMT BARBME  H SRR FHOGHER, EHARBRI BRI AR
3IMNH 6N H 91™MH 3MNH 6™~H I™H
aPS bPC
13 PS. PCHRIEMR (22 Ly
Fig.3 Color difference trend of PS and PC standard plates
1.5 . .
2.2.3 BHBIEHLRY
L0 ) . WA YGRS 5s B80T, 36T DIN 75220 iy
osl . o, . L L/ 0 7 BEASEAD  0T LL TEB24 8096024
E [ 0%, SCe0q "o 0 SRR AU K 36 1 LAY SR B, ik
2 00 [ ot EREE WIS BT LR 1 SR IRBEMRIN I 0 58 55 A 135 B % 4 7l
@ "% " oo °F ° FE LA S A ULAE 5 T )38 43 A R R4 IRt n ] 5—7 e
@ 05 s TN o KLY REAE 14 JRI A 4 22 DGR g
1o R ERE R T, H RS RS ST
) o BRI ORI BSR4 AR 145
0 20 20 60 80 '
WS ’
Bl 4 %4 P AR 5 R AR AR e 2 4% {H 40 A LA i

Fig.4 Gap-width distribution for complete vehicle in outdoor |

BRI,
P X0 (B 26 X (B A T 38 H AR, BH OGS B 4 A
fBAE S 0.20, FSRBEI K 0.13, FHOGCRID B 4 (H 2 1
SRBEAFG (1) 1.5 f5 2247, 1) EL BE SRR 56 s A5 4~ 1l
A BT 1 ommy X UL, PHOGRT N
RIS, JCHIE B PVIEER P AR B B, hi TR A
PR AR 2B, (A5 4% B 725 A (7 et i i) iy B 38K

exposure and solar simulation test

B I A RN, E— A0 X B R R

K5 Zaaidnir
Fig.5 Crack in seat belt buckle



% 20% 45 60

kAR, %% DIN 75220 5 M BHYBA IR I8 5 1w 1 403 @il e X e o8 - 145 -

- Q

Bl 6 i R B AR T R
Fig.6 Deformation and degumming of the central
control display frame

1 L.
K7 S OB E SR R s 4
Fig.7 Gap between the upper and lower covers of the
rearview mirror fixing bracket

2.3 REREHAEXMERR

2N S AN S i I G e s N 0
( Seasonally Ajusted Solar Radiation, SASR) a{# &
JEAS IE RS ( Temperature Normalized Radiation,
TNR) SiHE ki it fb . %835 SASR ik &
B — R AN, AR R R, ARet
SZHIX Y R SASRAE, {H H Hi {38 FE WA Z AR
RS 3% 25 B 3k N 0 B %5 % 55 I 1 SE B 1) SASR
AT REL, 1 TNR 755807 M fif g 173k A4 () 351,
TNRIZHEF -5 A BH 4 S 2 [R) i B s 1) SR R
IR AR B AR e I, AR SCR R E RS IE
BRI T VR VEAL 2 Ah s vk ) 10 X R B A DG .

TRAEAT LA H R F R B A IE K B 5 & (TNR)
Qrnr K HERAN W] I BE S5 A T i o A i 1) PR OGS 4D 7
JE | BB R L PR 9% [ Y S A FR R O
BAAEE N HET R

end
3.643-5000/T
QTNR = z R
start

o R HE— I Bl g i i 2 1 422 A0 K B
S, Im?, SRR 6 T — AR 5 min BUE— K
T Wy [A]— B B R A O AR, K, SRR
R — 4 5 min BOEE —IR

# A SR 22 B A3 T 4 T S HE By
B /INe Bt Qe (1 (A TOUAL R 1R B2 4% 90 “Ciff

) 4 3.18x10° IYm?, MR ¥ %L 457 B 1B R BE
SRUEM IS B ST, 42 B A3 1 42 ToLA g A B2 A 1)
QmrTE 210 1.26x10° Im?, DK, 25350 B Wi AR 4
HSRBERG 1 a iy FHOER IR 50 % IR i ] £ 4 396 h,
DIN 75220 #riferf, 801 A8 B4 B BB K 1) ' R
824 12 h, Y8 396 h 75 % 33d A HESE R, % &3 H
AL HPAR R TR B I G 4 ok B B s, A
BUT R 35 YCHIE ARG

3 it

1) T DIN 75220 #rifEfd 1 48] HA % 42 pH A
P AT LA 2y 80% 111 4 1 SR I 5% 3 2 I g 3
55 3~6 AN H B SRR 8, = R T AR
T AN [R) 2 FR AR [R] P R ) BORb H2PEA R

2) DIN 75220 triferr, 1SRG PR 5 ik
o 3 ] Vg g AR 3 AR BT 1 A M I ) AL s SR
FHXTHEGF, 35 AR A ARG PR 50 T LU e 2
PRIREE A SRR 1 a,

SE -

(1 B RGBT HERM]. M R TR
L, 2013,

MA Jian. Automotive weathering application technol-
ogy[M]. Guangzhou: South China University of Tech-
nology Press, 2013.

(21 ZERRNI, R, SK=0F. m o TADE A SRR AL
SHLEEIM]. Jbat Bl iR, 2011
LI Xiao-gang, GAO Jin, ZHANG San-ping. Aging Law
and Mechanism of Polymer Materials in Natura Envi-
ronment[M]. Beijing: Science Press, 2011.

[3] E¥, B, B, % ETREEBHHRA

I B Ay RS [T]. A MR TR, 2019, 16(7):
86-90.
WANG Ling, ZHAO Quan-cheng, YANG Hua-ming, et
a. Classification of Atmospheric Environment Severity
Based on Polystyrene Aging[J. Equipment Environ-
mental Engineering, 2019, 16(7): 86-90.

(4  EX, PR, K55, 5 ROREE M0 R
FRLER[]. 2R FRE T AR, 2010, 7(6): 24-27.

WANG Ling, MU Xian-liang, ZHU Lé, et al. Review of
Atmospheric Corrosivity Classification[J]. Equipment
Environmental Engineering, 2010, 7(6): 24-27.

(5]  FEHIAR, skseH, sk SUEHIX TG T AR

WFFE[]. 4355 T2, 2020, 17(12): 81-85.
TANG Qi-huan, ZHANG Xian-yong, ZHANG Yan. En-
vironmental Characteristics of Dry Heat and Dry Cold in
Dunhuang Ared[J]. Equipment Environmental Engineer-
ing, 2020, 17(12): 81-85.

(6] 29t B, MRER, % SR S SRR
TP BIRWIFE[]. R, 2020, 38(5): 45-51.

LI Qian, ZHAO Quan-cheng, CHEN Xing-hao, et d.



- 146 -

2023 4 6 A

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

Study on Aging Phenomena of Modified Plastics in Typi-
cal Climates]J]. Environmental Technology, 2020, 38(5):
45-51.

BOWYL, bk, B, 4. BRI R R FAbREE AL
U AR BUN 5 B VA AT SR R ). o T iE AR,
2017(10): 52-63.

HUANG Yaijiang, YE Lin, LIAO Xia, et a. The Degra
dation Behavior, Service Lifetime Prediction and Stabili-
zation Strategy of Polymeric Materials under Complex
Condition[J]. Polymer Bulletin, 2017(10): 52-63.

FERE. BB E R AR P R R[], fB T
R, 2016(17): 117.

CHENG Ke. Study on the Application of Modified Plas-
tics in Automobile Parts]J]. Chemical Enterprise Man-
agement, 2016(17): 117.

MARTIN JW. Service life prediction of polymeric mate-
rials: Global Perspectives{M]. New York: Springer Sci-
ence+Business, 2009.

IR, FEZEFY, ek, READ [ ARMENG 5 P S BRpE
Z ISR F [, IR ZE, 2013(5): 43-46.

ZHANG Jiao-lang, ZHUANG Yi-ling, Jl Qiang. Equiva-
lent Coefficient of Weathering for Interior Trim in Spe-
cific Natural Exposure and those Observed in Service{J].
Shanghai Auto, 2013(5): 43-46.

TRIRAR, TAR, HHOH, . e 40 m i A B i 1o
PRSI, KT 25K 2015(9): 29-30.
ZHANG Xiao-dong, WANG Jun, JE Gan-xin, et al. Fail-
ure Statistics of Weather Resistance of Passenger Carsin
Hainan Hot and Humid Environment[J]. Automobile
Technology & Material, 2015(9): 29-30.

TRIRAR, TR, WHOH, %. TS NSRS N
LR Hr[. RET 2 5# %}, 2015(10): 36-38.
ZHANG Xiao-dong, WANG Jun, JE Gan-xin, et a.
Analysis of Automobile Weather Resistance Test Results
in Dry and Hot Environment[J]. Automobile Technology
& Material, 2015(10): 36-38.

E8, VR, AR, . KA AR P Y
AT VEL]. BSR4, 2019, 40(2): 131-136.
WANG Jian, PAN Xiao-tao, ZHENG Jun, et a. Weather
Resistance of a New Vehicle in Damp-Hot Environment of
Hainan[J]. Corrosion & Protection, 2019, 40(2): 131-136.

W SCIE, $EEORT, SKRIEAR, SF. VR4 GBI P YR
IR RRAT AL, FEEHOR, 2019, 37(2): 43-45.
ZENG Wen-bo, JE Gan-xin, ZHANG Xiao-dong, et al.
Study on Failure Behavior of Vehicle in Coastal Tropical
Desert[J]. Environmental Technology, 2019, 37(2): 43-45.
H U, R, B, A OB R R T
FERAFEEEIIE I T3] PR EOR, 2021, 39(2):
81-85.

ZHENG Xi-jiao, ZHENG Hai-sheng, ZHAO Pei-sheng,
et a. Study on the Difference of Vehicle Environmental
Severity under Typical Arid Climate between China and
the United States[J]. Environmental Technology, 2021,
39(1): 81-85.

JAM, 250, SR, S SR A AR R AR
TIIRE T ) B AR, PR HOR, 2021,

(17]

(18]
(19]
(20]
(21]

[22]

(23]

[24]

(29]

[26]

[27]

(28]

39(3): 23-26.
ZHOU You-zhou, LI Meng, GAO Zhi-jian, et a. Study on
the Vehicle Natural Exposure in Humid-Hot Environment
in Hainan and Dry-Hot Environment in Xinjiang[J]. En-
vironmental Technology, 2021, 39(3): 23-26.
BAUER D R. Globa Exposure Models for Automotive
Coating Photo-Oxidation[J]. Polymer Degradation and
Stability, 2000, 69(3): 297-306.
PR 306—2001, Solar Simulation for Exterior and Interior
Partg[S].
VDA 230-219—2011, Aging of Automotive Components
in Solar Simulation Unitg[S].
DIN 75220—1992, Aging Automobile Components in
Solar Simulation Unitg[S)].
GMW 3417—2011, Natural Wesathering Exposure Tests
for Interior Trimg/Materialg[S)].
WRVT5, RIS, BEHE. 4 H ORI 5 20605 HOGRE
LB PR HEEHOR, 2020, 38(3): 70-73.
CHEN Ping-fang, YU Xiao-jie, LU Ting. Study on the
Correlation between Vehicle Natural Exposure and
Full-Spectrum Sunlight Simulation Aging[J]. Environ-
mental Technology, 2020, 38(3): 70-73.
Er. RESGEHE IR 7 2 0F 98 5 1 H]
[J. HZSHd4, 2019(2): 73-75.
WANG Yun. Research and Application of Automobile
Full-Spectrum Sunlight Simulated Aging Test Method[J].
Automobile & Parts, 2019(1): 73-75.
AEMR, AR, TR, 5. ABS BHEHERIMER
WANEAAT R BARRAYERTTE[]. 2 PRE TR, 2022,
19(5): 117-125.
XIONG Jun, WU De-quan, WANG Chang-peng, €t a.
Indoors and Outdoors Aging Behavior and Correlation
Research of ABS in Humid and Hot Marine Atmospheric
Environment[J]. Equipment Environmental Engineering,
2022, 19(5): 117-125.
AR, B, dERRE, 4. RBHERERRYehnE ik
IS TE SR i PR T N ). PREE 4R, 2021, 39(6):
70-77.
SHI Yu, ZENG Xiang-an, HONG Zhi-hao, et a. The Ap-
plication of Sunlight Tracking and Concentrating Accel-
erated Weathering Test in Wesatherability Evaluation of
Plastics[J]. Environmental Technology, 2021, 39(6):
70-77.
PICKETT JE, GIBSON D A, GARDNER M M. Effects
of Irradiation Conditions on the Weathering of Engineer-
ing ThermoplasticgJ]. Polymer Degradation and Stability,
2008, 93(8): 1597-1606.
PICKETT J E, KUVSHINNIKOVA O, SUNG L P, et al.
Accelerated Weathering Parameters for some Aromatic
Engineering Thermoplastics. Part 2: Polycarbonate Co-
polymers, Polyarylate and ABS[J]. Polymer Degradation
and Stability, 2020, 181: 109330.
PICKETT J E, SARGENT J R. Sample Temperatures
during Outdoor and Laboratory Weathering Exposures]J].
Polymer Degradation and Stability, 2009, 94(2): 189-195.
AT g XU



