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ABSTRACT: This paper reviewed the research progress of corrosion and protection technology for the reduction gearbox
of the hovercraft in the marine atmosphere and seawater sputtering environment. The corrosion characteristics and main
corrosion types of the reduction gear box of the hovercraft under long-term high temperature, high humidity, high salt
spray and seawater sputtering environment were introduced, and the research progress of the corrosion protection tech-
nology of the parts of the reduction gear box with different materials was summarized. Finally, it was proposed that the
corrosion protection of the reduction gear box of the hovercraft in the marine environment should start from the aspects of
structural design, material selection, processing and manufacturing, transportation and storage, maintenance, etc. On the

basis of making full use of the existing surface treatment technology, combination of anodic oxidation, micro-arc oxida-
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tion, electroplating, paint coating and other technologies should be strengthened. The corrosion monitoring technology

should be focused on to effectively warn the failure of the protective layer, and long-term effective and green surface

treatment technology and coating technology in the marine environment should be vigorously developed. System engi-

neering was used to improve the environmental adaptability of metal materials in the marine environment, thereby im-

proving the reliability and safety of components such as reduction gear boxes.

KEY WORDS: marine atmospheric environment; seawater; gearbox; aluminum alloy; alloy steel; stainless steel; corrosion and

protection
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Fig.1 3D model of a hovercraft's reduction gearbox
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Fig.3 Comparison of before and after oxidation and oil immersion on the surface of bull gear assembly



+ 116 -

2022 4 6 A

2.3.2 FRMEHENK

H R T80 A 4 2 1 By 8 Ak B R GE A FH AR
FALAORE A AL B 2 A T 25051k, FEH K
YRR G A AR BE | T P 403 P 25 RS Dl 55 4 T
HIERRG , IE A A PR L T2 E 2RI R
Wb, fEANAIAERY, RIHRAER, (R
TR E ALY R A i A, SR — A 5~20 um, H
58 v ) B R A G A TR e T — 2D B R SR 4
BB . ik | T SRR VR T o SRR i A A
—Mla L B B RES RS SRR E K EZE
B —Fh T2, BRI M i F B a1l 5 e He b
HRL R SEEF . RS TaER . ik,
GE TR I FEER T 2D . Wik . 450,
R AR AR T R, A R R IR, Begh Y P
o ZPE AR L TS ELT . SERLE S TR | Tt
JE . W E R A L . g PELr . BHCE L S O SR T
AALMEREXT H LR 1. % BN A8 K AL F R R
o5 MR AR s B, RN A AL RS B R
) i ok 1 B A O T PHAR 4R A, LR TR AR A Sk
B P i e Ui S et i R RE R AL o B YR U FE A
B JBS SR AN, OO AR Ak Ak B DG S Y i
o i ST JE ok e i A BH A S A, R e 5
TIEBE R . FRARBERE MR 2 5 A By 4T T
KA 5T 200,

®1 SAEERIEUIRS AR ALEEREXT
Tab.1 Performance comparison between micro arc oxidation
film and chromic acid anodic oxidation film on
aluminum alloy

A (G &=R14 R BEAR Ak

I M, WS, By AR
Mk, 4uzk MEE)Z

AR /um 20~50 5~20
T 7 (HV) 900~1 300 300~400
it Vs HFERA 4 *%
TRV >1 000 N 2%
LB /% 0~40 >40
FHE JIE )2 A e tlr
SREA 85 G 5RE =S — i
B AR T 142 s
5%NaCl £ 55 JFM/h  >1 000 >300

MLAESR | Rt 23 2T o F 9 78 SO AR v
ASINABURL A B 3 O AR AL TR J= BT T o TOR Sl ok
GUBRLBA,, SEORZSBEE, FLBRE, X
XHRIZ BT E . S5 BETE | RPN A i A
SFPEREFE T A MBI . AEMIRL (I Zr0, .
ALOs, CeO,) n] LUl BEFHR & 2 f i s i, 2
ol R PP AL G WA R L e 0 R S A I
PEF=Y) CUNBERRES DITE Do 7RG AA AL I ], X
SEURLRE R AEIRZ NIRR AR (I fe . M 25

T RGBT G P A5 B b2z RO ) IR AR Z NEE,
He - 0RE (AP O L v B A HORE B o O Jn U )
AR/ 52 BB IE (R A, 4 R v R ) 3420 43 B
TR ARBPRAR . ELIE AT, 8 a4 b R R
(HUBR . AR SE ) B TS ks (3 51 70, (M
DI I T R RBEA A 225K, PR 4 28 3% Ih 3t P )
DA FE 43 RO S BOORE , I 38 N7 LA BT Tk A 7™ B R A
SR

AA A ORI IR 2 I i 458 B fE A ™ 50~
100 pm J | & & ALOs BIIRZE, $& i | il A
it PP RE . % B 1~2 pm/min AYF25 2 4R K
FH 500~600 V AUHLRIRE, SEGEFES, Kt
AEFEMERE R, T RN AL i B FE AR = . RIOR
FRA A = A R) 8, 32 T R BR A 4 BRI b
T 2B RN PWIE BT M A S s T2, $25
URIZA KR Pu ik s g sl R BA AR LT3, ani
AR B IR RS, AT IT 48 ik 25% R0 RE IR ;
FERSCI A A A 38 22 T8 o R BE R S A T ol i 3K R
WL, i CHOKAE” PO, AR T AR
AL RO AR IR Z, 5 EEMONVEAH L, fEFE
BAR ] 35 60% 252,

FRA A O A AL 1 2 05 AL B fe o i i o B4R
FEBRG R “HIRIBE ThREM:. Oleinik D310
A A 4 O A AL B AE & A il 77 ( IFKhAN-25 Al
IFKhAN-39 ) B9 HiR AN RS, T e i ik b 2
P SR, IR IT R RN ) T ) e R
o A RB AR B 5 — A Ok R ROR A
KR, BT LAE I ik B (pH {E DG RE
&) BRI, FERESMINERZ R R
DA 2R A E ALY (LDH) Mak A4 2 il
W55 5 P23 LDHs i B 72 FUK 2 R IR &
R A EAW)Z AR, HARPHLS 28 B A
BLE, BRJZ B sl IR rh R S B, il 2
fil 2 I BETRCAS A 0 B AR, e BB R A2 pH B
FR) Jr 305 T A AT A SRy 5 el A G A i e T R T
Serdechnova %:*°1 Alibakhshi Z:57/f] Zn-Al LDH %
B AA2024 S A S MONE AL, IE T EBLRR SR ),
FT LDH J& Ab B A S Ak U 2 76 JE ol fin 0 3
1Ry 8 FEL Ak 2 K e B A S A M BE
2.3.3 REKP

1) g%, HP (Electrochemical deposition) J&
648 B FTE A ERTT , B0l s ORI i
PE T REAE LA, WA T A, i
B TR 4 A R T B Y ek B A R RE A R
WG R BA RSN, A IR I BT . 9
JBE . RLVERE . REVERE . AR TR R A — Sk
PRAVPERE . SR B B 5 il Hd 5 /N RE A
TEA R AR I Ll T fe b, AR 2 S B sh 2 1
(Anai B ughy | (R HLES . 1R RN ), BT



F19% ol

FA, A IR R AR T 5 B i T R <117 -

2 P A R Bl e o R A R s B sl i 2, R
] 2 TR ) A L 5 2 i o R e PR AR B 1
T — M EAT S A AL B, i L P N By 1k A B RS
Pl IS N IARER AR KTHR &, FFE TR A
SHBE . /AR DAL T, B R
B ARAEAT TEEAA JE A R E By 2

2) RENREE ., WANRBBRMERE, XK
JEBR NS 42 8 A S AR R A, IR BT S T
%% P . WA SRR RVE T, VOB R R AL
R RENE TARRA R —Fh o Ryl B R AR ELR, = 4
AR IT R A W RETR . AR 5. &
ROCR” URLE A, EEASRRPER R AR
KA HCE R G AR RN R R R A TR
BF I 2 22 e BB R a4k 119 4 T ARV R 1400,

Bt o A AR M UL O AR A TR, R RS T AR
Vo =D AT IR N [ N N N ] 2 e s P L R S S
ERFE R CEREURARL ) TG BERcERE 2 | ET5 ek
J TR P PR 7 I A A 7 R AR IR, TN R A
Je B — AR 7 S AR B AR R ok
WRHRRE 1) SP? 4 Ah 45 44 1 HL7E 45 5 88 Tl A J5i i) T2
B PR R, BRI B SR, N IT kA
B JB5 R R B2 T A o A AR 40K R iR A B
B CHEOILIHLA AR AL ) R 1L 5 04 B 8 4 o
ZEATERE Y, (0 H A AR R B R AR, AL
TR 2 A S 22 RUBE A A S T ) AT AR 2 Y i
FEM— KM, T B VR R BB S5 0, K,
K, MERE R, AW EEERAMAR . R
B KAURAL N MR TR . R R K e ) I
FIRekTAE.

3 &HiE

BT SR IR 147 8 AR T IR I 4 R R R L
Fh 5 MR IS S A 1, 5 LA R LA T %
JEE e W [ . A AR | APRRIE L | i T3
BRRICAT . AP OR IR AR TS IR AR G Ok AR A A IR
EE s TS F B A 2 1Ak BB R, i i B
AL BoREA . BB REHRZ S RARA S
SRACE ik M B AR, AR UE B PR R AL, TRIER
TR AR BRI R, SR ER R 1 K 1 Ak B
HARTIRZHA

SR :

(1] Zeugeise . O %8 6 A5 B 85 0 A BF 52 (0], KB4,
2011(7): 153-154.
Feng Zheng-rong. Study on Anti-rust Analysis of Tube of
the Gear box[J]. Super Science, 2011(7): 153-154.

2] SRBENI. & 3hHLBT 8 A o 7 FE 0. AR E A,
2013(9): 74.

[6]

(9]

[10]

[11]

[12]

[13]

[14]

ZHANG Xiao-gang. Anti-rust Solution for Engine[J].
Modern Components, 2013(9): 74.

FI, Brz, XNiids. KBRSl E AR 58 M
[J]. B3I 4240, 2014(1): 37-40.

WANG Fan, CHEN An, LIU Yi-lu. The Seal and Unseal-
ing of Long-Term Standby Diesel Engine[J]. Movable
Power Station & Vehicle, 2014(1): 37-40.

WRiE, BRI, R R R AR fr R 0], %
TA%, 2021, 42(13): 288-292.

CHEN Yang, CHEN Xue-hua. Long-Term Storage Tech-
nology of the Large Marine Gearbox[J]. Packaging Engi-
neering, 2021, 42(13): 288-292.

WEME. AT 25 M. B4R Jbat: BRI Tk R
#t, 2011.

PAN Song-nian. Packing Technology[M]. Fourth Edition.
Beijing: Printing Industry Press, 2011.

TS, BERHPIHEAD]. RELEE, 1999(10):
42.

WANG Cheng-kai. Antirust Sealing of Auto Parts[J].
Automobile Maintenance, 1999(10): 42.

ML, BRI, BRAE, 2. BRSCREHLAI B 85 700 B i) e
PERERIFFE[I]. W, 2016, 31(2): 17-20.

QU Sheng, CHEN Chun-feng, CHEN Lei, et al. Study on
the Preparation and Properties of Rust Inhibitor for Gas
Turbine Oil[J]. Lubricating Oil, 2016, 31(2): 17-20.
FE/NDT . RN AT R 5 B B HLI RIS (0] v I BILRE,
2014(18): 34-35.

Yan Xiao-yong. A Brief Discussion on the Research of
Rust Removal and Rust Prevention Machine for Steel
Bar[J]. Machine China, 2014(18): 34-35.

B, W, SREEE, . O RSPLK IS
ARG RIBTIE 7 BRI, P E#A TR, 2021(9):
187-188.

LI Guo-tao, LIN Shi-long, ZHANG Pei-de, et al. Discus-
sion on the Anti-corrosion Scheme of the Long-Term
Storage Cooling System for Export Engines[J]. China
Plant Engineering, 2021(9): 187-188.

DA R PR O I 2 A PERE R IR AT (0], AR
Rl R, 2004, 26(2): 5-10.

FANG Shu-jia. Analysis of the Ocean Environment In-
fluences on the Performance of the Navy Equipment[J].
Ship Science and Technology, 2004, 26(2): 5-10.

TAN Sheng, YAN Peng-cheng, WEN Qi. Development of
WQ-1 Wax Film Rust-Preventive Oil[J]. Journal of Ord-
nance Engineering College, 2008, 20(4): 36-38.

ZHANG Cai-xian, YANG Xiao-he, ZHANG Shao-hua.
Study of Effect of Environmental Factors in Southeast
Coast on Helicopter[J]. Equipment Environmental Engi-
neering, 2010, 7(6): 126-129.

ZEVERE. RS S B R ST I]. R
75, 2009(24): 149.

ZUO Xi-nan. Analysis of Anti-Rust Technology[J]. China
New Technologies and Products, 2009(24): 149.

ATAREE, MEas, S, 55, BETRIR ISR B 85 h 0ot
i KB FHAHT[D). fEAT, 2014, 7(16): 9.



+ 118 -

2022 4 6 A

[16]

(18]

(21]

[22]

(23]

YU lJi-yao, YANG Xi-jun, WEN lJing, et al. Development
and Application Analysis of Bearing Vibration Absorbing
and Anti-rust Oil[J]. Silicon Valley, 2014, 7(16): 9.
POPOV E A, NEKHOROSHEV V P, NEKHOROSHEVA
A V. Modified Anticorrosion Composition Based on Gun
Grease[J]. Journal Chemistry and Technology of Fuels
and Oils, 2002, 38(4): 257-259.

W, TRAE, RIUR, 5. WK PSR
9 JE5 b -5 By 47 BF 9 JEE (D). e BR 0 TR, 2020,
17(10): 103-109.

SHEN Jian, DING Xing-xing, SONG Kai-qgiang, et al.
Research Progress on Corrosion and Protection of
Equipment Materials in Marine Atmosphere[J]. Equip-
ment Environmental Engineering, 2020, 17(10): 103-109.
EpfR, RIETT, REOME, S5 HLEG™ 0 S % IR %
FERI AT HT[T]. B S T §EE, 2020(5): 8-10.

SHU Wei-fa, ZHU Hai-qing, TANG Wei-guo, et al.
Analysis for Failures of Airborne Products in Laboratory
Environmental Qualification Tests[J]. Quality and Reli-
ability, 2020(5): 8-10.

Hi 2L, WAEDR. BLES R e PR R i
TITR[T]. HEA AT TRE, 2012, 9(2): 93-97.

ZHAN Xue-hong, XIE Jun-hu. Discussion on Environ-
mental  Worthiness Missile
Launcher[J]. Equipment Environmental Engineering,
2012, 9(2): 93-97.

FISE. oIS 4 R PRI 6 W P B A b Y TR i
FHAMR[)). S4BT/, 2008, 5(6): 15-19.

TIAN Xiao. Analysis on Five Measures of Improving En-

Design of Airborne

vironmental Worthiness Design of Aircraft[J]. Equipment
Environmental Engineering, 2008, 5(6): 15-19.

SRIESE, PhETE, EAERR, A& MR S
JE ok s D AR HERE[T]. SR A, 2020, 49(11): 1-12.
ZHANG De-ping, SUN Miao-miao, CAO Xiang-kang, et
al. Progress in Corrosion Inhibitor Evaluation and Corro-
sion Monitoring Technology in Oil Recovery Indus-
tries[J]. Surface Technology, 2020, 49(11): 1-12.

BB, I, HOEX, % AA6061 F A S TE SR
WS (4 R T 5 2 LB D). vl 8 o 55 B 2
1R, 2017, 37(4): 366-374.

ZHAO Wei-hang, WANG Hao-wei, CAI Guang-yi, et al.
Localized Corrosion and Corrosion Inhibitor of Al-Alloy
AA6061 beneath Electrolyte Layers[J]. Journal of Chi-
nese Society for Corrosion and Protection, 2017, 37(4):
366-374.

BLLiMy, HPEAE, f4E, 5. FET i bR i gl
FIXS AA6063 15 Al AR [)]. WYL A R,
2012, 28(9): 2097-2107.

RUAN Hong-mei, DONG Ze-hua, SHI Wei, et al. Effect
of Inhibitors on Pitting Corrosion of AA6063 Aluminium
Alloy Based on Electrochemical Noise[J]. Acta Phys-
ico-Chimica Sinica, 2012, 28(9): 2097-2107.

HILL J A, MARKLEY T, FORSYTH M, et al. Corrosion
Inhibition of 7000 Series Aluminium Alloys with Cerium

[25]

[30]

[31]

[32]

[33]

[34]

Diphenyl Phosphate[J]. Journal of Alloys and Com-
pounds, 2011, 509(5): 1683-1690.

SHI Hong-wei, HAN En-hou, LIU Fu-chun. Corrosion
Protection of Aluminium Alloy 2024-T3 in 0.05 M NaCl
by Cerium Cinnamate[J]. Corrosion Science, 2011, 53(7):
2374-2384.

AR, PRI, OREE, F. BONAEORTERR G & 1E
Tl 7 37 v R AR ST S R RE (D], BEORE S 4, 2021,
35(21): 21236-21242.

ZHAO Hua-xing, SUN Xiao-feng, SONG Wei, et al. Ap-
plication Research and Development of Micro-Arc Oxi-
dation Technology in Corrosion Protection of Aluminum
Alloy Equipment[J]. Materials Reports, 2021, 35(21):
21236-21242.

BOUR, TME, BEIE REEROEAL T 20
R[] BINT T2, 2021, 50(22): 1-5.

LI Hao-chen, WANG He-nan, MA Xue-fei. Research
Status on Micro-Arc Oxidation of Aluminum Alloy[J].
Hot Working Technology, 2021, 50(22): 1-5.

Xiao-peng, MOHEDANO M, BLAWERT C, et al. Plasma
Electrolytic Oxidation Coatings with Particle Additions -
a Review[J]. Surface and Coatings Technology, 2016,
307: 1165-1182.

MATYKINA E, ARRABAL R, PARDO A, et al. En-
ergy-Efficient PEO Process of Aluminium Alloys[J]. Ma-
terials Letters, 2014, 127: 13-16.

MOHEDANO M, MATYKINA E, ARRABAL R, et al.
PEO of Pre-Anodized Al-Si Alloys: Corrosion Properties
and Influence of Sealings[J]. Applied Surface Science,
2015, 346: 57-67.

OLEINIK S V, RUDNEV V S, KUZENKOV A, et al.
Modification of Plasma Electrolytic Coatings on Alumi-
num Alloys with Corrosion Inhibitors[J]. Protection of
Metals and Physical Chemistry of Surfaces, 2013, 49(7):
885-890.

OLEINIK S V, RUDNEV V S, KUZENKOV Y A, et al.
Corrosion Inhibitors in PEO-Coatings on Aluminum Al-
loys[J]. Protection of Metals and Physical Chemistry of
Surfaces, 2014, 50(7): 893-897.

JIANG Dan, XIA Xian-chao, HOU Jian, et al. A Novel
Coating System with Self-Reparable Slippery Surface and
Active Corrosion Inhibition for Reliable Protection of Mg
Alloy[J]. Chemical Engineering Journal, 2019, 373: 285-
297.

MOHEDANO M, SERDECHNOVA M, STARYKEVICH
M, et al. Active Protective PEO Coatings on AA2024:
Role of Voltage on In-Situ LDH Growth[J]. Materials &
Design, 2017, 120: 36-46.

SERDECHNOVA M, MOHEDANO M, BOUALI A, et
al. Role of Phase Composition of PEO Coatings on
AA2024 for In-Situ LDH Growth[J]. Coatings, 2017,
7(11): 190.

ZHELUDKEVICH M L, TEDIM J, FERREIRA M G S.
“Smart” Coatings for Active Corrosion Protection Based



F19% ol

FA, A IR R AR T 5 B i T R - 119 -

[36]

[38]

on Multi-Functional Micro and Nanocontainers[J].
Electrochimica Acta, 2012, 82: 314-323.
SERDECHNOVA M, MOHEDANO M, KUZNETSOV
B, et al. PEO Coatings with Active Protection Based on
In-Situ Formed LDH-Nanocontainers[J]. Journal of the
Electrochemical Society, 2016, 164(2): C36-C45.
ALIBAKHSHI E, GHASEMI E, MAHDAVIAN M, et al.
A Comparative Study on Corrosion Inhibitive Effect of
Nitrate and Phosphate Intercalated Zn-Al- Layered Dou-
ble Hydroxides (LDHs) Nanocontainers Incorporated into
A Hybrid Silane Layer and Their Effect on Cathodic De-
lamination of Epoxy Topcoat[J]. Corrosion Science, 2017,
115: 159-174.

B, BT5, BT, % BRI KB EORITS
PR S ER[T]. WP SR, 2021, 40(15): 1215-1224.
ZHAO Yun-xia, YANG Zi-xuan, BI Ting-tao, et al. Re-
search Status and Prospects of Electroplating Wastewater
Treatment Technology[J]. Electroplating & Finishing,
2021, 40(15): 1215-1224.

BRI, EIRSC FRRA SRR A G
11, 2013, 29(6): 35-41.

CAI Ting-ting, WANG Zhao-wen. Review on Plating
Technology of Aluminium and Aluminium Alloy[J].
Non-Ferrous Mining and Metallurgy, 2013, 29(6): 35-41.
P, BRHR 2R R M 5 P o R R AR D).
FHRHEAA, 2020, 53(9): 176.

TENG Dan. The Role of Paint Coatings in the Decoration
and Protection of Automobiles[J]. Materials Protection,

[44]

[45]

2020, 53(9): 176.

BRI AMEIE SR ERZAR | IRERENTD]. 42

T8 il i, 2020, 34(4): 51-56.

LI Xiao-cheng. The Research of Anticorrosion Coating

Technology and Coating Applying in Ocean Engineering

Facilities[J]. Total Corrosion Control, 2020, 34(4): 51-56.

LIUVE, sk, DR, S B kiRt & e R K ik

JE[]. WEHA S 3R, 2017, 38(6): 54-58.

KONG Fan-hou, ZHANG Lei, LUO Zhi-ming, et al. Pro-

gress in Anticorrosive Coatings[J]. Coatings Technology

& Abstracts, 2017, 38(6): 54-58.

T, BEE, wE % ARSI ABENERE

BIRFFTHEREL]. Rk Tolk, 2021, 51(5): 83-88.

WANG Ling-ling, ZENG Guo-ping, HAN Fei, et al. Re-

search Progress in Graphene-Based Self-Healing Anti-

Corrosion Coatings[J]. Paint & Coatings Industry, 2021,

51(5): 83-88.

AR . A1 s AT LB I U )2 A WF S R SR 0], T MK

T, 2020, 48(10): 11-16.

XIONG Zhi. Research Progress on Graphene-Based Or-

ganic Anticorrosive Coatings[J].

Industry, 2020, 48(10): 11-16.

IR, LRI, FKRI, . £ S 8 R R

PERE[N]. KRR, 2019, 48(6): 46-55.

CUI Ming-jun, REN Si-ming, WANG Yong-gang, et al.

Research Progress of the Graphene Coatings for Corrosi-

on Protection[J]. Surface Technology, 2019, 48(6): 46-55.
AT XA

Guangzhou Chemical



