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—Landing Gear Data

Weight: 2,5 ... 5% of the MTOW
Cost: 1.5t0 1.75 % of the Aircraft
Maintenance: 20 % of the Airframe DMC
Loads: up to 30,000 kg/wheel
Speeds: over 300 km/h

Rolling distance:  up to 500.000 km

_ife time of: 60.000 hours / 20 years
n-Service cycle: 20.000 hours (overhaul)
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— History

The Beginning - Wright Brothers , 1903
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— History
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— History

Messerschmitt Me 20, 1928
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— History

Junkers Ju-52/3m, 1932
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— History
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Retractable Landing Gear , 1911
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— History

Hydraulic powered Landing Gear , He-70 , 1932
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— History

Tail Wheel - Type , Focke Wulf Fw 200 , 1936
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— History

]
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Nose wheel - type Tail wheel - type Tandem - type
(retractable) (retractable) (retractable

A

Nose wheel - type Tail wheel - type
(fixed) (fixed)

Overview of Landing Gear Types
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— History

Advantages of the NLG-Type:

 Improved rolling characteristics
* Horizontal floor

 The Pilot has better visibility
e Easier ground handling (e.g. towing)
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— History

Nose Wheel-Type Landing Gear , Jatho IV, 1908
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— History

NLG-Type with Twin Wheels , B-29 , 1939
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— History

NLG-Type with Single Wheels, Me 262 , 1942
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— History

Single Wheels , Convair XB-36 , 1946
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— History

NN S
-Wheel MLG , Bristol Brabazon , 1946
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— History
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— History
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— History

Main Gear Retraction Sequence

Convair B-58 , 1956
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— History

North American XB-70, 1964
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— History

Lockheed C-5 Galaxy , 1968
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— History

Boeing B747-100, 1969
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— History

Concorde , 1969
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— History

McDonnell Douglas DC-10-30, 1972
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— History

Airbus A320, 1987
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— History

Antonow An-225 , 1988
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— History
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During take—off main gear acts as levered undercarriage.

A5 lpad is relieved from main gear the shock absorber extends and the bogie beam rotates
about forward wheels due to the geometry of the articulation links and pitch trimmer,

AJC rotates about rear wheels only at take-off.

Airbus A340, 1991
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— Landing Gear

General Requirements:

« Comfortable shock absorption

e Short stopping distance (braking)

« High rolling stability during ground manoeuvring
 Small storage volume

 Low drag (specially for fixed landing gears)

o High reliability and safety

 Low maintenance

e Low weight
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—— Struts and Shock Absorbers
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—— Struts and Shock Absorbers

NLG (Nose Landing Gear) , Airbus A300
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—— Struts and Shock Absorbers
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—— Struts and Shock Absorbers
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—— Struts and Shock Absorbers
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—— Struts and Shock Absorbers

Lever-type MLG , BAe 146
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— Struts qn_d Shock Abso_rbers
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—— Struts and Shock Absorbers

MLG , A300 MLG , A310 MLG , A340
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—— Struts and Shock Absorbers

MLG with Steering , B777
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—— Struts and Shock Absorbers
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—— Struts and Shock Absorbers

EF 2000 - Typhoon
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—— Struts and Shock Absorbers
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—— Struts and Shock bsorbers
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—— Struts and Shock Absorbers

Rubber Shock Absorber
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—— Struts and Shock Absorbers
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—— Struts and Shock Absorbers
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—— Struts and Shock Absorbers

”Active Ride Control”
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—— Struts and Shock Absorbers
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—Tyres, Wheels & Brakes
Brake | N, Tyre
Wheel
Brake
Discs
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—Tyres, Wheels & Brakes
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— Tyres, Wheels & Brakes

1 Crown protection ply

4 Casing plies

7 Crown plies

Bead wires 6

Casing plies 18
 Crown plies "

Crown protection plies 2

Tread groves 5-6

Source: Michelin

.p.._.;.ﬂ.D"-lM,_

4
7
1
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wf

Tyre type  Centrifugal force Inﬂation
Bias +4% +8% +12%
Radial +2% +6% +8%
2 High tensile fibre NZG Radial +1% +2% +3%
NZG = Nearly Zero Growth bead wires . - ke
Source: Mishalin SDLIFCE. MIChEFH’E
NZG Tyre
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—Tyres, Wheels & Brakes
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—Tyres, Wheels & Brakes

I Europlizches Paientamt
{19 @ Eurgpaan Patent Ctica

Oifice purogben des Brevels

AR R AN

o EP 0 534 875 A2

2y EUROPEAN PATENT APPLICATION

[#3} Doy of publication:
TR 1 Bullstin 132

(21} Aepiication nember. 93065125
122} Dasa of fing: 14.11.1858

[51) w0 BEAC 2540

{B4) Demignated Conmractng States: {T2) ireprene:
AT BE CH DE DK EG Al FRGB GR IE IT LI LU MC M- Thranl, Harmad Al Jassim
ML FT SE Darhat, Cortar (00
(3 Priceity: 15.41.9935 GB 9523845 (TE] Aapranisges
FAutiles, Gratam Keith
(52) Decumant ¢ §of P e appl ] in MARKE & CLERK,
Recomance wih &1 76 EPLC 5760 Lincola's i Flalds
BERIRIAT.O 0 E61 188 Lonsen WE2A 3LS (G
(T1) Apple: | Bemans
Ak-Thard, Hamad &1 Jassim This appécation mas flked om 300009 aw
Doha, Qlariar (0uA} divisional anphoalion 12 B

urekas INID: cont B2

(54)  Apparahss for causing an aircratt wheed fo rotabe

(57} The woebon prowiies appanies for causing
an girczalft whead io e, comprising at lesast one noz-
zhe or vent (128, 158, P64, 1TE 184} cenired on the axde
of they whess! ond amangod o pal & ek e pardally
ciroamienernally Wit fespe 1o s geshe, aed ar -
ply Milirs lor prowiding i b the o aech nacde o vt
(126, 156, 154, 178, 104} dor mqelsion fhoevemugh,
e ar spply meANS COMpOSng 0 CoMmpressed B

EP 0 934 875 A2

SO el & ai Sepply pissage connecting the com-
Dressad air source B Ba o sech noxie of vant (136
158, 184, 178, 184), whersin 0 or sch nozzie or went
(128, 156, 164, 178, 1M} m roiiable Wi Do whe
deach that espuision of fra pir through tha or each neazie
o werl 185, 155, 64, 178, RB) caimes nolabon of thi

v oy i [ Baaemss L s

pwAan

2454226

FIG. 3

DARSTELLUNG: FLUGZEUG - REIFEN mit

Turhine

rome  [Datum |annung mel

fearbeitat [o - 5] 1570 | i————

e ARCHITEKT
Gerachent | /L1 5300 BONN

Depruft f:.:'r';.i.a TN | —

Pre-rotated Wheels

EYDC, GR, April 2002

% AIRBUS



—Tyres, Wheels & Brakes

Brake Hook , Albatros , 1918
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— Tyres, Wheels & Brakes
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—Tyres, Wheels & Brakes

Drum Brake
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—Tyres, Wheels & Brakes
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— Braking system

Dunlop Maxaret , 1948
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— Braking system

Brake Failure
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— Braking system

SR

Braking Parachute , Lockheed SR-71
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— Braking system

Aircraft Carrier Operations
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— Braking system
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Aircraft Carrier Operations
GR , April 2002 % AIRBUS



— Steering system
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— Actuation system

Landing Gear Retraction, Boeing 747
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—— Tests and Certification

 Landing Gear Certification is part of the
Aircraft Certification
« Test are performed at the Suppliers
facilities
« Normally 4 Prototypes are simultanously
used for:
1. Performance Test
2. Fatigue Test
3. Strength Test
4. Drop Test

% AIRBUS
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—— Tests and Certification

Strength Test
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—— Tests and Certification

s,

Drop Test, MLG , A310
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—Tes_t"s and Certification

Rejected Take-off , B777
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—— Tests and Certification

Dynamometer
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Over-load Tyre Test
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—— Tests and Certification
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—— Tests and Certification

Normal Landing , A330
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— Tests and Certification
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Landing under adverse Conditions , B747-400
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—— Tests and Certification

One Engine out Take-off, A340
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— Landing Gear Design
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— Landing Gear Design

Vertical descent velocity, v

l

Sprung mass
Shock absorber
and spring Shock absorber
— damper
Shock absorber
travel
1 Unsprung mass
o}

Tyre

l travel

X777

Ground reaction

Ground reaction
Associated mass X g

Reaction factor, A =

Energy =% mv?
=A.m. g [shock absorber travel X
shock absorber efficiency +
tyre travel X tyre efficiency]

Pl s apgron.

;J’J-l}- ’Tl =i s 5 'Il--'_'lmu | gl 1800700 g
=, s
134 K E | % ;“I I
?E E; 5 - E .-.L'
A B I:‘ 8] ]'-Ill
_t—'—_'_h_ | ]
| e H"H.,_\_ .
1 Energy dissipaied ____d:,.-
2 through dampeg | / .ll
-
I foroe }r/;// |
-
3./ i N
i1/ e
& f e BB T T - |
e B2 potiE = | |
U ==y o o
Ill'lI . F{aﬁl '._;U—E“'“ﬂ | |
_—= = = Energy sioned
r- 'EE::G in :prlnu |
{ |
Static clomwe _ |
_ Blax, dvmamic il
s Wlan shogk ahnorher available inirecl -'__l
Sigmificann gveats dering the landieg cvele
S, xn, x NW)+(Sxn,x NW) = WV?2g

tire energy strut energy

where

S, = tire deflection under N times static load, ft
S =vertical wheel travel, ft (unknown)
n, = tire efficiency, generally assumed to be 0.47

Instial contact

Bpin-up

Spln-up compler maxsmums
Springback reaction
Maximum verical reactson
Mlasimnum trawvel

Static chosure

SmmOfnm>

+ (W—-L)XS+S)

kinetic energy

potential energy

n, = shock strut efficiency (assumed initially as 0.80 on an oleo-pneumatic

strut)
N =reaction factor
W = aircraft weight, Ib
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EYDC, GR, April 2002

% AIRBUS



— Landing Gear Design

s

Aitbus A380-800 - -
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— Landing Gear Design

Airbus A380-800
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— Landing Gear Design

Airbus A400M
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— Future Trends

e Smart Shock Absorbers

* |ntegrated Control Units

 Improved Materials for Struts and Brakes
 Maintenance-free components

e More electrical Actuation
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— Specilal Purpose Undercarrige
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— Specilal Purpose Undercarrige

‘ Aircraft Ground Contact Principles

. Suspension Systems ‘ Launching Devices
| _
Magnetic : _ |
Suspension, |Air Cushion fack | Wheel Skid, Ski | Floater
Rail track | | ‘
5 LR | Foea
Trlcyclze—t_‘y[; | Bicycle—type
; | P 10N
' Nose wheel—type‘ ‘Tail wheel-type

7
EYDC, GR, April 2002 @ A’HBUS



— Specilal Purpose Undercarrige

Multi-wheel arrangement , Ar 232
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—Special Purpose Undercarrige
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Aircraft Ground Contact Devices
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— Specilal Purpose Undercarrige

Skid , EC-135
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— Specilal Purpose Undercarrige

Take-off trolley Ar 234

EYDC, GR, April 2002 @ A’HBUS



—Special Purpose Undercarrige
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— Specilal Purpose Undercarrige

Skies
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—Special Purpose Undercarrige
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— Specilal Purpose Undercarrige

Ekranoplan
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— Specilal Purpose Undercarrige

Seaplane - Amphibian
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