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ABSTRACT: This paper aims to develope a test chamber for multifactor integrated marine climate simulation and accelera-
tion.The chamber is applied to the fast screaming and environmental worthiness evaluation of technology, material, and parts in
marine atmosphere. Through demand analysis, status analysis, and marine climatic characteristic analysis, a new thought of cli-

matic type simulation was put forward, and the radiation with salt fog, salt crystal accumulation and internal corrosion were
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solved simultaneously. Through general design, module design, and integrated manufacturing, the acceleration test chamber for

multifactor integrated marine climate simulationwas developed, which can apply light radiation, salt fog, temperature, humidity,

and wind speed simultaneously. Test spectrum design and verification test was applied to evaluate the conformity to technical

index, correlation, and acceleration. Verification result showed that in evaluation of critical parameters changes of materials,

such as corrosion weight loss of metal, tensile strength degradation, and color and gloss change of organic coating, the multifac-

tor integrated marine climate simulation and acceleration test technology has good correlation and high acceleration comparing

with outdoor exposure test results of Wanning station.

KEY WORDS: marine climate; simulated and accelerated test; test spectrum; chlorine ion; dry and humid circulation; correla-

tion; acceleration
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Fig.1 Block diagram of multifactor integrated marine climate
simulation and acceleration test chamber



- 144 - AWK R TR 2022 4£ 10 A

W Pl I R SR

‘ / | Inigas f WEHL
/ o
] R
I

: o | %T N )
+ <
I I |

LA |
1% Bl eman A9 o h2
Kl 2 ZHRLEG MR PR BRI s i g0 R 454

Fig.2 General structure of multifactor integrated marine climate simulation and acceleration test chamber
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Tab.1 Measurement result of total radiation

Hif 1] IR /(W -m2)
13:54:00 1118
13:55:00 1119
13:56:00 1119
13:57:01 1120
13:58:01 1120
13:59:01 1119
14:00:01 1120
14:01:01 1120
14:02:01 1120
14:03:01 1120
3.1.2 mBEERMK

IR R A 80 mm Y SRR #1712t
T BUA 50 em®, 7RIS 16 A4 DU JE R HR 4% 22 i 1
MMTF, FELEMEZE 30 min, M EUIREE ., MEgs R
Sk 31, 30, 30. 33, 29mL, FE¥HH
61 mL/(50 cm*-h), #HEL5E N 98 mL/(80 cm®-h), R
FHIE SRS S50, 45 30 min W55 20~55 s, AJ {fi [
RKIKALE 1~3 mL/(80cm?-h),
3.1.3 BEMR

F I JIF 1101—2003 ( FREEIR00 3 2 0 . TR
MUERLE ) MRLE , XHEEISRE . 35 WshE &
THRE R R TR . RS R LR 2—5. RPEE
25 EAR R SRR BB RN -5~85 C, BN
+1.8 °C, I shE H+0.4 C, FHTHEHF N 6 “C/min,
FHRE IR E AN 3 °C/min.
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*2 85 CHEEMKER

Tab.2 Temperature measurement result at 85 C

C
I} 1] tor toa to3 tos tos tos to7 tos tog tio
15:16:19 86.8 86.1 85.9 86.5 85.2 85.1 85.9 86.0 86.4 85.5
15:16:49 86.9 86.1 85.9 86.6 85.3 85.1 85.9 86.0 86.5 85.5
15:17:19 86.9 86.2 86.0 86.6 85.3 85.2 86.0 86.1 86.5 85.5
15:17:49 87.0 86.2 86.0 86.7 85.3 85.2 86.0 86.1 86.5 85.6
15:18:19 87.0 86.2 86.1 86.7 85.4 85.2 86.1 86.2 86.6 85.6
15:18:49 87.0 86.2 86.1 86.7 85.4 85.2 86.1 86.2 86.6 85.6
15:19:19 87.0 86.2 86.1 86.7 85.4 85.2 86.1 86.2 86.6 85.6
15:19:49 87.0 86.2 86.1 86.8 85.5 85.2 86.1 86.2 86.6 85.7
15:20:19 87.0 86.2 86.1 86.7 85.5 85.2 86.1 86.2 86.6 85.7
15:20:49 87.0 86.2 86.0 86.7 85.5 85.3 86.1 86.2 86.6 85.7
15:21:19 87.0 86.2 86.0 86.7 85.5 85.3 86.1 86.2 86.6 85.7
15:21:49 87.0 86.2 86.0 86.7 85.5 85.2 86.1 86.2 86.5 85.7
15:22:19 87.0 86.1 86.0 86.7 85.5 85.2 86.1 86.2 86.5 85.7
15:22:49 86.9 86.1 86.0 86.7 85.5 85.2 86.1 86.2 86.5 85.7
15:23:19 86.9 86.1 86.0 86.7 85.4 85.2 86.1 86.1 86.5 85.7
Wesh 0.4
popax iy 1.8
*3 S5TREMNRER
Tab.3 Temperature measurement result at -5 C
C
I 8] tor toa to3 tos tos tos to7 tog tog
17:05:45 -3.3 -3.3 3.2 -3.1 -3.8 -3.3 3.2 3.2 -3.1
17:06:15 -3.3 -34 -3.2 -3.1 -3.8 -3.3 -3.2 -3.2 -3.1
17:06:45 -34 -34 -3.2 -3.1 -3.8 -3.3 -3.2 -3.2 -3.2
17:07:15 -3.4 -34 -3.2 -3.1 -3.9 -33 -3.2 -3.2 -3.2
17:07:45 -3.4 -3.4 -3.2 -3.1 -3.9 -3.3 3.2 -3.2 -3.2
17:08:15 -34 -34 -3.2 -3.2 -3.9 -3.3 -3.2 -3.3 -3.2
17:08:45 -3.5 -3.5 -3.3 -3.2 -3.9 -34 -3.2 -3.3 -3.2
17:09:15 -3.4 -3.5 -3.3 -3.2 -3.9 -3.4 -3.3 -3.3 -3.2
17:09:45 -34 -34 -3.2 -3.2 -3.9 -3.3 -3.2 -3.2 -3.2
17:10:15 -3.3 -34 -3.2 -3.2 -3.9 -3.3 -3.2 -3.2 -3.2
17:10:45 -3.3 -3.4 -3.2 -3.2 -3.9 -3.3 -3.2 -3.2 -3.2
17:11:15 -3.4 -3.4 3.2 -3.2 -3.9 -3.3 3.2 -3.2 -3.2
17:11:45 -3.3 -34 -3.2 -3.1 -3.9 -3.3 -3.2 -3.2 -3.2
17:12:15 -3.3 -3.3 -3.1 -3.1 -3.8 -3.3 -3.1 -3.1 -3.1
17:12:45 -3.2 -3.3 -3.1 -3.1 -3.8 -3.3 -3.1 -3.1 -3.1
W 2y g 0.3
Yoy 0.7
F4 FREENRER
Tab.4 Temperature rising measurement result
i 1] WEEPV/C RESV/T Fi ] HIEPV/C  JESV/TC Fi 1] HIEPV/C  JE SV/C
13:00:54 -5.0 85 13:06:25 46.2 85 13:11:25 71.7 85
13:01:54 2.2 85 13:06:55 49.1 85 13:11:55 73.9 85
13:02:24 9.7 85 13:07:25 52.0 85 13:12:25 75.9 85
13:02:54 17.4 85 13:07:55 54.8 85 13:12:55 78.0 85
13:03:24 23.1 85 13:08:25 57.5 85 13:13:25 80.2 85
13:03:54 27.8 85 13:08:55 60.0 85 13:13:55 82.1 85
13:04:24 32.2 85 13:09:25 62.6 85 13:14:25 83.1 85
13:04:55 36.1 85 13:09:55 64.9 85 13:14:55 84.0 85
13:05:25 39.7 85 13:10:25 67.2 85 13:15:25 84.9 85
13:05:55 43.1 85 13:10:55 69.4 85 13:15:56 85.2 85
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Tab.5 Temperature descending measurement result
I} 6] REEPV/C WREESV/T P[] REEPV/C REESV/T P[] REEPV/C WREESV/T
10:54:43 85.0 =5 11:05:14 44.2 -5 11:15:14 9.6 -5
10:56:13 83.0 -5 11:06:14 39.9 -5 11:16:15 6.2 -5
10:57:13 81.6 =5 11:07:14 36.5 -5 11:17:15 3.2 -5
10:58:13 77.6 -5 11:08:14 32.5 -5 11:18:15 0.6 -5
10:59:13 73.3 -5 11:09:14 29.0 -5 11:19:15 2.4 -5
11:00:13 68.6 -5 11:10:14 25.8 -5 11:20:15 -2.7 -5
11:01:13 62.5 -5 11:11:14 22.5 -5 11:21:15 -2.3 -5
11:02:13 57.7 -5 11:12:14 19.5 -5 11:22:15 -3.2 -5
11:03:13 53.0 -5 11:13:14 16.4 -5 11:23:15 -4.4 -5
11:04:13 48.6 -5 11:14:14 13.0 -5 11:24:15 -4.9 -5
3.1.4 REMIK 3.2 RRIIE
FERE JIF 1101—2003 { BRI A0 B . VBB 304 MG

BEAERRIE ) FLAE , 1 5E 20 "C=50%. 20 CT—98% . 50 C
~30%7F11 50 “C-98% Ayl i i1, K HH 20 “C-98%F1 50 C
—-30%fa A2 B IR R gt o r i IR EE . 20 °C
~98%F1 50 ‘C—30%FaE Bt IR BE I 45 S W3 6 Al
+ 7. YR 6 FFk 7 iHEARR] . WBEVEHN 30%~
98%, MM R+1.3% ({BE>T5% ), £0.7% (%
BE<T75%H ),

R 6 20C-98%IERMIBENIXLER
Tab.6 Relative humidity measurement result of
20 C-98% stable section

Fist 1] RT03/C  RT04/C RHO03/% RHO04/%
16:30:16 21.8 21.0 98.1 98.8
16:30:36 21.8 20.9 98.1 99.1
16:30:56 21.7 20.9 98.3 99.2
16:31:16 21.8 20.9 98.2 99.0
16:31:36 21.8 20.9 98.2 99.0
16:31:56 21.8 20.9 98.2 99.0
16:32:16 21.8 20.9 98.2 99.0
16:32:36 21.8 20.9 98.2 99.0
16:32:46 21.8 20.9 98.2 99.0

T RS B /% +1.3

7 50 C-30%RERMBEMILER
Tab.7 Relative humidity measurement result of
50 C-30% stable section

B ] RT03/C  RT04/C RHO03/% RH04/%
9:55:37 51.2 50.6 29.6 30.5
9:55:57 51.2 50.6 29.6 30.5
9:56:17 51.2 50.5 29.5 30.5
9:56:37 51.1 50.5 29.5 30.4
9:56:57 51.1 50.5 29.5 30.4
9:57:17 51.1 50.5 29.4 30.4
9:57:37 51.1 50.5 29.4 30.3
9:57:57 51.1 50.5 29.3 30.2

TR /% +0.7

R P T P S IR B R IE B RO 4 0, $2 H [
Ak it fin AN 2 A o AL SRS T UCRE . BN L TR | RN
JGHSE 5 Bl R E, BN SRR SRR 1Y)
&, A Rl bk BN R, R
WIFGALBRIG O, 5 BRRE R A G RTHE T, 42
PR o AR B AS [R) SR XN [R) PR 2R ) bk
ANE, B R 4R AR AR 4 T8 A kLG 86
TR 1 DX 43 B ] B RN JR B, BH R B[R] BE R 2 h,
I R R BE S 0.5 h, 1 ANBIEHAD 1 /S5 E b
FRE 1 AR 0 . B4 B AR i s R
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Fig.,8 The multifactor integrated marine climate simulation
and acceleration test spectrum
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Tab.8 Result of corrosion product analysis by X ray photoelectron energy spectra

BE LR R AN JE& Wy 1 o)
ZIN R LG PRalP e e RS I GA Fe,0;. FeO. FeCly
el B R TR ) Fe,0;. FeO. FeCl,
AR Fe,0;. FeO. FeCl,
ZINREF PR RS AU A AlL,05
el ERGEAS 87 ALO;5
6 AlO3
EQSE ey ORI PSR R NI IBES R v E) ZnCly, ZnO
P RG2S 27 ZnCl,. ZnO
WS ZnCl,. ZnO
ZINREEA AT R a0 A CuO. CuCl,
e IR TR CuO, CuCl,
W6 CuO. CuCl,
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Tab.9 Outdoor exposure test result of metals and plastics
e . ﬁ?ﬁﬁ)ﬁ)‘%’iﬂ)ﬁﬁ%ﬁ%/g BB 5 B /M Pa
i i iid EiC| PE PVC ABS
0 0 0 0 0 28.6 17.2 27.3
TR 1 1.148 0.003 0.054 0.083 26.2 16.9 27.0
=Y 3 2.014 0.010 0.142 0.111 25.8 16.3 24.5
6 3.836 0.017 0.312 0.321 21.1 16.0 22.7
0 0 0 0 0 28.6 17.2 27.3
TR 1 2.156 0.006 0.093 0.145 26.4 16.8 26.8
=) 3 7.136 0.015 0.308 0.213 26.5 16.2 23.0
6 13.313 0.093 0.637 0.540 19.8 15.6 21.5
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Tab.10 Multifactor integrated marine climate simulation and acceleration test result of metals and plastics
- Pz Jem I o o A 452K /g SR 5 B /MPa
G B B LGl PE PVC ABS
0 0 0 0 0 28.6 17.2 27.3
1.722 0.004 0.057 0.044 27.3 17.1 26.7
9 3.021 0.012 0.148 0.058 27.1 16.8 25.5
18 5.754 0.021 0.322 0.171 25.0 16.7 24.6
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Fig.9 Acceleration ratio of standard metals weight loss
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Fig.10 Acceleration ratio of engineering plastics tensile
strength descent rate
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