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Abstract: The aircraft landing gear endures complex loads and harsh service environments over extended
periods, making it susceptible to various forms of damage. Remanufacturing technology provides an
efficient means of repairing such damage and restoring performance, playing a vital role in ensuring flight
safety. Focusing on the enhancement of overall performance, the design of both structure and materials has
undergone continuous iterations and optimization. Traditional fixed landing gear gradually evolves into
lightweight, high-strength retractable systems, while material design philosophies shift from static
strength-based approaches toward multi-objective optimization that simultaneously considers damage
tolerance, fatigue life, and maintainability. This paper reviews the types, materials, structural
composition, typical damage mechanisms, and remanufacturing technologies of aircraft landing gear,
emphasizes the typical failure modes and damage mechanisms encountered during service, and
systematically summarizes key technological aspects of the remanufacturing process, including precise non-
destructive testing and damage assessment, high-energy beam repair and surface strengthening techniques,
as well as dimensional restoration and precision assembly repair processes. Furthermore, it highlights future
trends such as the application of advanced high-performance materials, intelligent manufacturing
technologies, and green remanufacturing processes. This review provides theoretical foundations and
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technical references for the engineering application and systematic development of aircraft landing gear

remanufacturing technologies.

Key words: aircraft landing gear;damage mechanism ;nondestructive testing ; remanufacturing technology
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Fig.1 Damage types,non-destructive testing techniques, and remanufacturing and intelligent remanufacturing repair technologies of aircraft landing gear
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Table 1 Types of aircraft landing gear : structure ,advantages and disadvantages ,and representative aircraft model "’
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Type

Structural feature

Advantage and disadvantage

Typical aircraft model

Taildragger

landing gear

Tricycle

landing gear

Bicycle

landing gear

Multi-wheel
landing gear
Fixed

landing gear

Retractable
landing gear
Landing
gear for
catapult
operations
Float
landing gear
Skid landing

gear

Main wheels ahead of the aircraft’s center of
gravity, tailwheel/skid supports rear, naturally
nose-up attitude

Nose wheel ahead of the aircraft’s center of
gravity ,main wheels aft of the aircraft”’s center of
gravity, level aircraft attitude

Main wheels arranged in tandem along fuselage,

requires auxiliary wheels for balance

Main landing gear uses multiple wheels to

distribute load
Non-retractable, fixed to fuselage or wings,

equipped with spring or strut shock absorbers

Retractable, stowed within fuselage or wings,
operated by hydraulic or electric systems
Designed for carrier-based aircraft, nose landing
gear with arrestor hook, reinforced to withstand

catapult launches and arrested landings

Floats installed under or on sides of fuselage

Wheel-less design with metal or composite skids

Suited for unpaved runways, simple structure, low-
maintenance, but harder to handle, less stable, longer
takeoff/landing

Stable taxiing, easy control ;nosewheel bears high

load , prone to damage , poor off-field suitability

Suited for narrow-fuselage aircraft; compact, low-
drag, lightweight; poor lateral stability, hard to han-
dle,complex maintenance

High load capacity ,lowers tire ground pressure, safe,
stable; complex structure , heavier, high maintenance
Simple structure, lightweight, reliable, easy to ma-

intain; high drag, for low-speed aircraft only

Reduces drag, widely applicable ; complex structure,
heavier, high maintenance

Enables short takeoff, strong structure ; heavier,
complex maintenance, catapult-dependent, high

failure risk

Capable of water operations, highly adaptable,
stable; high drag, limited operational environment
Lightweight, suited for rough terrain, easy to ma-
intain; limited mobility, high friction, needs

external ground equipment

Air Tractor AT-602,
Douglas DC-3, Piper J-3
Cub

Boeing 737,B-2

B-52,Lockheed U-2

Airbus A380,C-5

AURA AERO Integral R,
Cessna 408 SkyCourier,
Cirrus SR20 G7

Airbus A320neo, Fly
Synthesis Texan, F-22
F-35C

TL-3000 Sirius, Daher
Kodiak 100

Robinson R44, Bell 505 Jet
Ranger X
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Table 2 Design criteria, performance, and characteristics of key materials for aircraft landing gear

[19-30]

Generation . . . Tensile o Typical aircraft
Design concept ~ Typical material Characteristic
stage strength/MPa model
First Static strength ~ AIST 4130, 1175 Conventional electric arc furnace melting, manual arc welding, MiG-15,Tu-16
30CrMnSIA high static strength, insufficient fatigue performance , meets only
basic load-bearing requirements
Second Service life 30XI"CH2A, 1580-1900 Vacuum induction melting ,double vacuum refining, significantly ~ F-15,F-16
4330M, improved fatigue performance, fracture toughness remains
AIST 4340, 300M limited
Third Service life and ~ A-100, 1900-2000 Ultra-pure melting, precision forging and heat treatment, ultra-  F-22,F-35
damage AerMet100 high strength, high fracture toughness, good resistance to stress
tolerance corrosion overall performance reaches optimal level
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Fig.2 Typical structure of strut-tube type aircraft landing gear
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Fig.3 Fatigue damage of aircraft landing gear

(a)finite element model of landing gear strut cracks'*'; (b)fracture surface of nose landing gear fork'*’;

(¢)failed piston rod end™™; (d)fractured left main landing gear front trunnion'*"’
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Fig.4 Overload damage of aircraft landing gear

(a)fracture of trunnion bolt in landing gear locking mechanism'®'; (b) fracture of landing gear outer cylinder'*")
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[40

(a)failure of landing gear connecting bearing

(¢)cracking and failure of landing gear steering beam!

iz B 75 1) B ) B 520 < 4 3 16 WSCES e 5 451 DA 37 ZE T Bt
R T B JUIAR S 5 /MBI BT B TR B R A A H
JUEE KA T EE A T /IME S S AR v R VR AR B
[ WR A W A m T 2 U 55 W, T AR FE b 5 SR
7oA Sl B RO IR OV B v, DT S 3 AR AT 5 5
B B A PR

FER R T 00T, CATL RS 7 2R OGS A7 () 2 4%
FE Ml e S 5% v SRR ) By R A MR RE IR AL RO
A AR N YA 52 iR i N 5
BN RE SRR, Heirendt 454 6 37 (1 #R - BE - HILARE &
FEAYRIT, T AT AR Rk A v, el R 4 it i S0 JE AR
o AT 5 EE AR R 7 Ak A BRI T P BR S R
B, AR 32 A vh T R R T R il R X,
PR FE R 2 . Korba 55 'WF 58 s, A 421
P ) B PR T R sh e A BRI 51 R
e BB AR Y Sy R R X R el AR, AR
R

2 RHEFEBHIERA

TRILAE ¢ ZR ) i AR DA A s 2 e A i
S4B Y T L R o , R S BT A B DR ER A A
Bz B A B e B R At . T e R A H B S T
P RHERE IR T T B LA SRS B L EOR B BR 7%
IR REAB YK S 2 I BT AR HE , BT n] RE7E RELEPERE
FebR LS BOUAL o P o R T e 2 U 1Y, A
FEIR AR A A B I AMEAG I 5 B3 A 8 57 77 i
I SR B P07 14 2 T 98 AL S5 BRI PE DR B HLAOIN T
PR PO BB AT, LA R i 24 10 2 15 8T R 1P RE 56
TR Herb A5 D1l R AR 2 0 DR F o i R T
FHT4R , R TR E A CInmEtL s A AR RO
BT ) BES A 25wl B 5 A 1 BE RN BT % 57 A7 i, T
e TC 8115 5 B2 2 o DU 8 Bt 2 8 4 D) RE 140G 0 D T

[41],

'; (b)cracked end cap of main landing gear unlock actuator cylinder™*!’;

42]

SRoetk. MES TS BSNHET 5 SR A
MIRFEE e, AR T 4L HE A i 1R R O B AS o T K
FRA i FH 25 1, B AL 25 B4 L FE FIBR SR T far o [
B, %80 BB Ak P 1 5 B A B R Rl Wk
Pk I RS W B 2R AR BRI T e SR 3l 1Y
SRR TN 5 O AR, I A i S Y 4T 2 e R AR
AN X AR R [ s
21 XHlEERZELBENEA

T 2 X AR A% R VAR R A TR A A DU, T LR R
PR 75 42 IR B AR S 5 B 05 e A1, AT 48 b i 18 &R
SO ORE R 7 58, 0 DR P O S 0 S 7 AL RE 8 38 B
T 5 A PERR AR o ORI B AR R S B S
HARA RSB T 5. Jemiss 8 A o 2 A
PEAG T B, 76 R AR A0 R IR A ML RE O AT 2 T, S B X
A RE Sl [ LS5 R 45005 B ORS B2 . N 3R 31T
N N O - LU 5 2 NI R B I E I i
W75 35 KGN Ry ARG 0 3R S G T R A ) A
ST

H AL DU A Sy "CHILAR R 0 RS A T B, &
TR XF AL T AR S A A B R A X 3 i
WLEE B A5 Bl R R A 4 T EL R B TR e 0 S o, T
I ) B BN 57 R e, 7E B LR A R BT
BRI 52 08 4 T HEA B 3B E R T A O AR
PR R T T UG o %07 R AR SR 5K 018 3
TS AR 3 1 AR5 Gl B RE A% T 45 AG T 2 16 ] iR
AR SENE . WE 6 TR, Kurdelski 2541 % % <] #L
Fo A v AR AT 9 55 S R R A, R FH A €8 33 e & B0
JRE DX AT L0, 2 B 33 A6 D X R 24 SR )
B EHEVE ] . Freitas 25058 i H LA % BE , mid
TR IR A Rl A A i AR h R AP B B Y 45 Aol
T AN H - 0 U A AT R LT, SRR B R TE S S
BYU)EB AR T ARRAE B DA R R Ay A e 3 A k5
BERR R



554 5 8 ) ML AR B -5 P SCHE BRI 271
R3I EHREBERBHE AR TR AR
Table 3 Typical non-destructive testing technologies for aircraft landing gear remanufacturing*"**’
) ) Typical detectable . ) )
Technique Applicable part defect Detection resolution Advantage and disadvantage
Visual Surfaces, joints, Macroscopic cracks,  About 0.1-0.2 mm visible Simple and fast,low cost, limited to surface visible
testing assembly areas deformation, by naked eye, micron level defects,sensitive to lighting and surface conditions
corrosion with magnifier
Penetrant Smooth and non-porous Cracks,pores Detectable defects==0.5 pm ~ Suitable for complex shapes, simple operation, low
testing materials external surface cost, limited to surface defects, requires clean surface,
unsuitable for rough or porous materials
Magnetic Ferromagnetic materials ~ Cracks, inclusions,  Detectable defects==0.1 mm Sensitive to ferromagnetic materials, intuitive defect
particle surface and near-surface  welding defects visualization, fast detection, limited to ferromagnetic
testing regions materials, requires demagnetization, difficult for com-

Eddy current

Conductive materials

Cracks, corrosion,

testing surface and near-surface  material degradation
regions

Ultrasonic Internal structures of Cracks, pores,

testing metals and non-metals, inclusions,

Radiographic

testing

thick-walled
components , bolts
Internal structures of
metals and non-metals,

welds, castings

delamination,
lack of fusion
Cracks, pores,
inclusions, lack of

fusion

Detectable defects==0.1 mm

Detectable defects<<1 mm

Detectable defects with size
=1% of wall thickness

plex geometries

No couplant required, fast detection, automatable,
sensitive to small defects, limited to conductive
materials, limited penetration depth, difficult for
complex geometries

High penetration capability , quantitative defect sizing
and localization, applicable to large components, re-
quires couplant, influenced by surface roughness,
difficult for complex geometries

Intuitive imaging, display defect morphology and
location, suitable for hidden areas,radiation hazard,

expensive equipment, radioactive waste disposal re-

quired

K6 RIEAT SR

Fig.6 Penetrant inspection of landing gear tie rod
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Table 4 Key technologies for surface repair in aircraft landing gear remanufacturing

[60-65]

Technology Principle

Applicable scope

Advantage and disadvantage

Plating Depositing a metallic layer on damaged surfaces Minor
via electrolysis to repair wear or corrosion
Laser High energy laser melts metal powder/wire and
cladding metallurgically bonds with the substrate to form
a dense repair layer
High- High velocity combustion gas heats and sprays
velocity metal/ceramic powder onto substrate to form
oxygen-fuel dense coating
Cold High pressure gas accelerates metal powder to
spraying supersonic speed and deposits it through plastic

deformation to form a coating

wear

surface corrosion repair

Deep wear and crack
repair, strengthening of
high stress regions
Wear/corrosion-
resistant coatings repair,
surface strengthening
Temperature-sensitive

materials , thin-layer repair

repair, Mature and low cost, suitable for complex shapes, thin co-
ating, limited bonding strength, hydrogen embrittlement

risk, environmental concerns

Strong metallurgical bonding, low dilution rate, customizable
materials, large repair thickness, high cost, precise control to
prevent thermal distortion

Dense coating with high bonding strength, suitable for large-
area protection, limited coating thickness, high temperature
may cause substrate oxidation

No heat affected zone, preserves material properties, suitable
for spraying sensitive alloys, high cost, high particle velocity

required , high surface roughness
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(a)sample preparation; (b)mechanical properties ; (¢) fracture morphologies and metallographic microstructures
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