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ABSTRACT: Aiming at the corrosion problem of aircraft in service in China, the paper aims to release regional prediction and
refined management of the aircraft structure calendar life. Meteorological environment data for 17 typical regions of China's
atmospheric environment were collected. Climate and chemical environment spectra were compiled for each region. According
to the principle of corrosion charge equivalence, the atmospheric environment in each region was converted to the standard hu-
mid air action time with the conversion coefficient of aluminum alloy and alloy steel. According to the differences in atmos-
pheric corrosion, 17 typical regions were classified based on the systematic clustering method. The demarcation criteria of each
subregion and then the number of atmospheric corrosion demarcations were determined. Additionally, the data of other regions
available in the current literature and the distribution of climate, precipitation and air pollution in China were taken into account
in the atmospheric environment corrosion demarcation of China. According to the corrosion characteristics of aluminum alloy

and alloy steel, the atmospheric environment in China can be demarcated into five regions. The map of China's atmospheric en-
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vironment corrosion demarcation was drawn, in which the environmental characteristics, geographical distribution and repre-

sentative cities of each region were given. By applying the demarcation result of China's atmospheric environment regions, the

severity of corrosion in different service environments of aircraft in China can be directly grasped, which lays a foundation for

establishment of accelerated corrosion environment spectrum, assessment of aircraft structure calendar life, and formulation of

targeted maintenance plan and flight plan.

KEY WORDS: aluminum alloy; alloy steel; corrosion; atmospheric environment demarcation; standard humid air; systematic
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Tab.1 Climatic environment spectrum of Beijing

Temperature/C 20 25 30 35
Rainfall time/h 71.30 67.40 25.60 1.00
Brume & dew time/h  56.50 122.50  46.50 1.80
o 70%  482.87 120.70 60.35 48.31
Humidair —g50. 54302 301.83 90.57 30.22

time/h

90%  241.39 42253 362.18 12.04
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Tab.2 Chemic environment spectrum of Beijing

Type Proportion/% Time/h Frequency pH ¢ (SOy)/(mgm™) ¢ (NO,)/(mg'm™)
Brume & dew 2.6 227.3 136 5.0
Rainfall 1.9 165.3 65 5.0 0.010 0.022
Moisture 31.0 2716.2
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Tab.3 Conversion factor from humid air to standard humid air

Material Humidity/% Temperature/
20 25 30 35

70 0.163 80 0.244 40 0.325 00 0.625 26

Aluminum alloy 80 0.167 07 0.290 53 0.426 00 0.731 77
90 0.110 45 0.207 00 0.299 95 0.649 97

70 0.098 36 0.014 54 0.170 77 0.241 43

Alloy steel 80 0.089 34 0.100 57 0.316 08 0.423 64
90 0.058 37 0.229 19 0.406 47 0.709 59
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Tab.4 Conversion factor of different concentrations of acid
to standard humid air

Acid concentra-

Material tion/(mg'L_l) HNO; HCl H,SO,
0.1 3.745 2203 1.575
Aluminum 1.0 3.145 4255 2874
alloy

2.0 2.833  9.091 3311

0.1 1.751
Alloy steel 1.0 2.141 2717  2.141
2.0 4292 3.425 3.497
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Fig.5 Conversion results of environmental spectrum to SHAT by region h/a
Aluminum alloy Alloy steel
Area Humid air time Rainfall, E;ﬁ;ﬂe & dew Total time Humid air time Raingz;l‘i: zl;léne & Total time

Beijing 628.14 164.37 792.51 458.22 128.26 586.48
Qingdao 727.79 657.82 1385.61 407.90 838.14 1246.04
Wuchang 753.50 697.71 1451.21 576.05 438.24 1014.29
Xiamen 1036.64 784.97 1821.61 828.01 646.85 1474.86
Wuhu 1022.45 330.88 1353.33 763.28 248.17 1011.45
Zhangjiakou 188.53 94.66 283.19 93.77 50.44 144.21
Changsha 908.96 1112.06 2021.02 676.90 1166.21 1843.11
Suixi 1410.31 669.14 2079.45 1357.57 555.80 1913.37
Sanya 1478.35 441.55 1919.90 1222.22 342.49 1564.71
Xi’an 424.82 127.47 552.29 230.28 107.72 338.00
Jiangjin 1105.76 746.04 1851.80 676.71 755.64 1432.35
Kunming 581.50 170.72 752.22 290.71 101.97 392.68
Xining 262.37 69.01 331.38 141.49 37.39 178.88
Korla 90.96 11.38 102.34 48.26 6.02 54.28

Shigatse 117.39 66.85 184.24 64.04 33.17 97.21
Gongga 170.43 58.19 228.62 93.31 29.17 122.48
Ali 20.70 14.29 34.99 11.45 7.07 18.52
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Tab.6 Cluster analysis results of atmospheric environment

SHAT/(h-a™")

SN Area Aluminam alloy Alloy stecl 3 types 4 types 5 types 6 types
1 Ali 34.99 18.52 3-1 4-1 5-1 6-1
2 Korla 102.34 54.28 3-1 4-1 5-1 6-1
3 Shigatse 184.24 97.21 3-1 4-1 5-1 6-1
4 Gongga 228.62 122.48 31 4-1 5-1 6-1
5 Zhangjiakou 283.19 144.21 3-1 4-1 5-1 6-1
6 Xining 331.38 178.88 3-1 4-1 5-1 6-1
7 Xi’an 552.29 338.00 3-1 4-11 5-11 6-11
8 Kuming 752.22 392.68 3-1 4-11 5-11 6-111
9 Beijing 792.51 586.48 3-1 4-11 5-11 6-111
10 Wuhu 1353.33 1011.45 3-1I 4-111 5-10 6-IV
11 Qingdao 1385.61 1246.04 3-11 4-111 S-1IT 6-IV
12 Wuchang 1451.21 1014.29 3-11 4-111 5-11 6-IV
13 Xiamen 1821.61 1474.86 3-11 4-1v 5-1V 6-V
14 Jiangjin 1851.80 1432.35 3-11 4-1v S5-IV 6-V
15 Sanya 1919.90 1564.71 3-10 4-1v 5-1IV 6-V
16 Changsha 2021.02 1843.11 3-II1 4-1v 5-V 6-VI
17 Suixi 2079.45 1913.37 3-111 4-1V 5-V 6-VI
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Tab.7 Standard humid air action time range of
atmospheric divisions

SHAT/(h-a™")

Atmospheric division

Aluminum alloy Alloy steel

5-1 0~500 0~300
5-11 500~1000 300~800
5-1I1 1000~1500 800~1300
5-1IV 1500~2000 1300~1800
5-V >2000 >1800
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Tab.8 Graded data of equivalent SHAT in some areas of Chinal®’
Material SHAT/(h-a™) Area
Aluminum alloy <100 Bayanmaodao Erlianhot Dunhuang Yumen Minqin Lenghu Golmud Urumgqi Kashi

Alloy steel <100 Hetian Korla Altai Turpan Hami

Aluminum alloy 100~500 Dongwuzhumugqinqi Hailar Maqinrenxiamu Hohhot Yinchuan Lhasa Shigatse Parry
Nagqu Datong Mohe Qiqihar Tahe Yulin Lanzhou Guyuan Xining Yushu Tuojidao

Alloy steel 100~500 Changdu

Aluminum alloy 500~1300 Tianjin Taiyuan Jinzhou Aihui Mudanjiang Fujin Yan’an Ji’nan Ganzi Beijing Yuncheng
Xinjin Benxi Changchun Harbin Shijiazhuang Xingtai Laoting Dalian Yingkou Tonghua
Fushun Yanji Rizhao Luoyang Shenyang Jilin Tianshui Zibo Qingdao Weihai Zhengzhou

Alloy steel 500~1000 Xichang Xuzhou Dali Dandong Rongcheng Yunxian Chayu Xi’an Chaoliandao Jiujiang
Nanyang Xuchang Xianning Kunming

Aluminum alloy 1300~2000 Bengbu Chongging Xuyi Sheyang Shengsi Nanchang Xinyang Guilin Nanjing Hefei An-
qing Guiyang Gaoyou Wuhu Yuhuan Xiangshan Zhoushan Xiamen Yichang Hengyang
Zunyi Kaili Wuxian Nantong Ganzhou Fuzhou Taidong Wuhan Enshi Huangshi Teng-

Alloy steel 1000~1800  chong Shanghai Hanzhong Tunxi Hangzhou Chengdu Leshan Luzhou Wanxian Ji’an
Hengchun Minjiang Shaoguan Wuzhou Pu’er Jinhua Nanping Longyan Pingtan Changsha
Changde Yueyang Liuzhou

Aluminum alloy >2000 Taizhong Guangzhou Nanning Wenzhou Tapei Heyuan Weizhoudao Huangyan Taishan
Shenzhen Shantou Sanya Beihai Zhanjiang Hekou Shanhudao Xisha Haikou Lingshui

Alloy steel >1800 Qionghai
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Fig.3 Atmospheric environment demarcation result of China based on aviation metallic materials corrosion
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