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Analysisof Corrosion of Boltsin Wind Power Tower Tube

LI Yan', FANG Hai-feng’, SUN Zuo-feng’, HE Zi-yang', CHEN You-wei', WANG Yu-fei'

(1. Shenzhen Guoneng Chentai Technology Co., Ltd., Shenzhen 518000, China;
2. China Guangdong Nuclear Power Sheyang Wind Power Co., Ltd., Yancheng 224000, China)

ABSTRACT: In view of the corrosion status of bolts in wind power towers, chemical composition analysis, metallographic
analysis, impact property test, tensile property test, hardness test and other methods were used to analyze the bolts. The results
show that the composition of bolts, nuts, washers before and after use meets the standard. The impact, tensile, and hardness per-
formance tests on the bolts before and after use all meet the safety requirements. The metallography of the bolts before and after
use is 1~4, in line with national standards, and the grain size test shows that it is 7.5~8.0 before use and is 8 after use. Therefore,
it is concluded that the bolts in service meet the requirements for safe use; under the combined action of the harsh natural envi-
ronment, the bolts have undergone electrochemical corrosion and crevice corrosion. Finally, suggestions are made for the use
and maintenance of bolts.
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Fig.2 Macroscopic corrosion morphology of high-strength bolts: a) corrosion morphology of the upper part of the bolt; b) corro-
sion morphology of the bottom part of the bolt; c¢) the first macroscopic corrosion morphology of the bolts; d) the second macro-

scopic corrosion morphology of the bolts
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Tab.1 The chemical composition and standard requirements of the bolts

%

HRAL ILE C Si Mn P S Cr Mo
FRE(E 0.38~0.45  0.17~0.37  0.50~0.80  <<0.025 <0.025  0.90~1.20  0.15~0.25

M36-1 0.40 0.26 0.71 0.013 0.0062 0.94 0.22

[y j’] M39-1 0.40 0.26 0.87 0.011 0.0032 0.97 0.20
M36-111 0.43 0.21 0.67 0.016 0.0041 0.99 0.19

M39-111 0.40 0.21 0.68 0.012 0.0041 0.95 0.19

FRUE(E 0.42~0.50  0.17~0.37  0.50~0.80  <<0.035 <0.035 — —

. M36-1 0.46 0.19 0.59 0.018 0.027 — —

YRR jﬂ M39-1 0.44 0.20 0.63 0.023 0.019 — —
t M36-111 0.45 0.21 0.58 0.016 0.0083 — —
M39-111 0.46 0.21 0.54 0.016 0.0074 — —

FRUE(E 0.42~0.50  0.17~0.37  0.50~0.80  <<0.035 <0.035 — —

. M36-1 0.47 0.24 0.56 0.012 0.010 — —

Hig j’] M39-1 0.48 0.21 0.57 0.013 0.0086 — —
M36-111 0.46 0.18 0.56 0.023 0.022 — —

M39-111 0.45 0.18 0.58 0.022 0.0046 — —
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Tab.3 Bolt impact performance test results
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F2 ERfMmEsREER RGN =27
Tab.2 Bolt tensile performance test results M36-4 393 38.5 44.4
W Pihrig g JERGRE WE MRS Wi s " M36-I1 395 41.5 412
RW/MPa Ry,/MPa F A% & Z/% ; M39-4 35.3 27.1 24.4
FRE(E =1040 =940 =9 =48 M39-I11 41.2 44.1 459
M36-1 1140 1030 15.5 60
M36-2 1196 1103 14.0 58 2.4 MEERE
— M36-3 1122 1016 14.5 62 B R SRS SRR
M39-1 1149 1021 15.0 56 PRI RS A TR T RE B R A, AE
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Tab.4 Bolt pair hardness test results

WAL T I (E SFHEIE ARIEE

M36-4 355 357 354 355
g M39-4 361 365 363 363

(HRC) M36-1I 33.6 33.1 335 334
M39-II1 32.7 329 328 328

32~39

M36-4 265.1 259.7 264.8 263.2
12 M39-4 2732 269.2 268.4 270.3

(HV30) M36-I 262.7 260.0 269.1 263.9 2727333
M39-Il 273.2 269.2 268.4 270.3

M36-4 417 414 414 415
B M39-4 36.8 36.5 369 36.7

(HRC) M36-I 359 365 362 362
M39-IT 419 429 412 420

35~45
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Fig.3 Metallographic organization of bolts before and after use: a) metallographic organization of M36 bolts before use; b) met-

allographic organization of M36 bolts after use; c) metallographic organization of M39 bolts before use; d) metallographic or-
ganization of M39 bolts after use
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Fig.4 Metallographic organization of nuts before and after use: a) metallographic organization of M36 nuts before use; b) metal-
lographic organization of M36 nuts after use; ¢) metallographic organization of M39 nuts before use; d) metallographic organiza-

tion of M39 nuts after use
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Fig.5 Metallographic organization of gaskets before and after use: a) metallographic organization of M36 gaskets before use; b)
metallographic organization of M36 gaskets after use; c¢) metallographic organization of M39 gaskets before use; d) metal-
lographic organization of M39 gaskets after use
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Fig.6 Metallographic organization of bolts before and after use: a) metallographic organization of M36 bolts before use; b) met-
allographic organization of M36 bolts after use; c) metallographic organization of M39 bolts before use; d) metallographic or-

ganization of M39 bolts after use
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Fig.7 Metallographic organization of M36 bolts before use: a) metallographic organization of M36 bolts before use; b) energy

spectrum of impurities in M36 bolt; c) metallographic organization of M36 bolts after use; d) energy spectrum of impurities in
M36 bolt
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Fig.8 Metallographic organization of M39 bolts after use: a) metallographic organization of M39 bolts before use; b) energy

spectrum of impurities in M39 bolt; c) metallographic organization of M39 bolts after use; d) energy spectrum of impurities in
M39 bolt
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Fig.9 Analysis of bolt cross-section composition: a) SEM image of corrosion products; b) chloride distribution; ¢) chromium
distribution
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