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ABSTRACT: Landing gear is a vital structural unit of an aircraft which enables to take off and land safely on the 
ground. A variety of landing gear arrangements are used depending on the type and size of an aircraft. The most 
common type is the tri-cycle arrangement with one nose landing gear unit and two main landing gear units. Even 
during a normal landing operation heavy loads (equal to the weight of an aircraft) are to be absorbed by the landing 
gear. In turn joints are to be provided such that heavy concentrated loads are first received by the airframe and 
subsequently diffused to the surrounding areas. Normally heavy concentrated loads are received through a lug joint. 
Therefore design of a lug joint against failure under static and fatigue loading conditions assumes importance in the 
development of an aircraft structure. 
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I.    INTRODUCTION 
 
Aircraft is machine that is able to fly from one place to another place. Many researches were made to fly the machine 
since from mythology, many had lost their life during their experiments, and many failed to fly their machine. But 
finally in 1910 Wright Brothers build machine which is able to fly for 59seconds, which is very short duration but it is 
first milestone for development of aviation. Further many researches were made to transport the goods and passengers. 
Then it is brought into business for transportation. And also used in military for air support, thus many fighter planes 
are developed. An aircraft is a machine that is able to fly by gaining support from the air, or, in general, the atmosphere 
of a planet. It counters the force of gravity by using either static lift or by using the dynamic lift of an aerofoil, or in a 
few cases the downward thrust from jet engines. The human activity that surrounds aircraft is called aviation.Landing 
gear is one of the critical subsystem of an aircraft and is often configured along with aircraft structure. 
 

II. LITERATURE SURVEY 
Types of Landing Gear: 
 
 Tail wheel-type Landing Gear:-                             Tail wheel-type landing gear is also known as conventional gear because many 
early aircraft use this type of arrangement. The main gear are located forward of the centre of gravity, causing the tail 
to require support from a third wheel assembly. A few early aircraft designs use a skid rather than a tail wheel. This 
helps slow the aircraft upon landing and provides directional stability. The resulting angle of the aircraft fuselage, 
when fitted with conventional gear, allows the use of a long propeller that compensates for older, underpowered 
engine design. The increased clearance of the forward fuselage offered by tail wheel-type landing gear is also 
advantageous when operating in and out of non-paved runways. Today, aircraft are manufactured with conventional 
gear for this reason and for the weight savings accompanying the relatively light tail wheel assembly.  
The proliferation of hard surface runways has rendered the tail skid obsolete in favor of the tail wheel. Directional 
control is maintained through differential braking until the speed of the aircraft enables control with the rudder. A 
steerable tail wheel, connected by cables to the rudder or rudder pedals, is also a common design. Springs are 
incorporated for dampening.  
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Tandem Landing Gear:- 
 
Few aircraft are designed with tandem landing gear. As the name implies, this type of landing gear has the main gear 
and tail gear aligned on the longitudinal axis of the aircraft. Sailplanes commonly use tandem gear, although many 
only have one actual gear forward on the fuselage with a skid under the tail. A few military bombers, such as the B-47 
and the B-52, have tandem gear, as does the U2 spy plane. The VTOL Harrier has tandem gear but uses small 
outrigger gear under the wings for support. Generally, placing the gear only under the fuselage facilitates the use of 
very flexible wings. The tailwheel aircraft also sits with its nose higher than tricycle gear airplane, lowering 
forward visibility for the pilot during ground operations. It's more difficult to taxi without being able to see 
directly in front of you, which is why you'll often see pilots of tailwheel aircraft do S-turns while taxiing. 

And steering a tailwheel aircraft is different than steering a nosewheel aircraft since steering is accomplished 
from behind the pilot instead of in front. There are certainly benefits to a taildragger, as well. The nose-high 
attitude on the ground means that the propellors on tailwheel aircraft often have more clearance from the ground, 
making them better suited for grass or dirt runways. And they're often designed and configured for slow flight, 
making them easier to land on short runways. Many are high-design and are better suited for backcountry flying 
than nosewheel aircraft are. Tailwheel airplanes are without a doubt the favorite airplane among bush pilots.  
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Tri-Cycle Type Landing Gear:- 
 

The most commonly used landing gear arrangement is the tricycle-type landing gear. It is comprised of main gear 
and nose gear. In this type of Gears the main gears are mounted below the wings.  COG is exactly in between the nose 
wheel nose Gear and main Gear. Tricycle-type landing gear is used on large and small aircraft with the following 
benefits: 

1. Allows more forceful application of the brakes without nosing over when braking, which enables higher landing 
speeds. 

2. Provides better visibility from the flight deck, especially during landing and ground manoeuvring. 
3. Prevents ground-looping of the aircraft. Since the aircraft centre of gravity is forward of the main gear, forces 

acting on the centre of gravity tend to keep the aircraft moving forward rather than looping, such as with a tail wheel-
type landing gears. 

The nose gear of a few aircraft with tricycle-type landing gear is not controllable. It simply casters as steering is 
accomplished with differential braking during taxi. However, nearly all aircraft have steerable nose gear. On light 
aircraft, the nose gear is directed through mechanical linkage to the rudder pedals. Heavy aircraft typically utilize 
hydraulic power to steer the nose gear. Control is achieved through an independent tiller in the flight deck.  

The main gear on a tricycle-type landing gear arrangement is attached to reinforced wing structure or fuselage 
structure. The number and location of wheels on the main gear vary. Many main gear have two or more wheels.  
Multiple wheels spread the weight of the aircraft over a larger area. They also provide a safety margin should one tire 
fail. Heavy aircraft may use four or more wheel assemblies on each main gear. When more than two wheels are 
attached to a landing gear strut, the attaching mechanism is known as a bogie. 

I.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig:- Different types of Landing Gear 
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 Fixed and Retractable Landing Gear:- Further classification of aircraft landing gear can be made into two categories: 
fixed and retractable. Many small, single engine light aircraft have fixed landing gear, as do a few light twins. This 
means the gear is attached to the airframe and remains exposed to the slipstream as the aircraft is flown. As discussed 
in Chapter 2 of this handbook, as the speed of an aircraft increases, so does parasite drag. Mechanisms to retract and 
stow the landing gear to eliminate parasite drag add weight to the aircraft. On slow aircraft, the penalty of this added 
weight is not overcome by the reduction of drag, so fixed gear is used. As the speed of the aircraft increases, the drag 
caused by the landing gear becomes greater and a means to retract the gear to eliminate parasite drag is required, 
despite the weight of the mechanism. 

A great deal of the parasite drag caused by light aircraft landing gear can be reduced by building gear as 
aerodynamically as possible and by adding fairings or wheel pants to streamline the airflow past the protruding 
assemblies. A small, smooth profile to the oncoming wind greatly reduces landing gear parasite drag. A Cessna aircraft 
landing gear used on many of the manufacturer’s light planes. The thin cross section of the spring steel struts combine 
with the fairings over the wheel and brake assemblies to raise performance of the fixed landing gear by keeping parasite 
drag to a minimum. 

Retractable landing gear stow in fuselage or wing compartments while in flight. Once in these wheel wells, gear are 
out of the slipstream and do not cause parasite drag. Most retractable gear have a close fitting panel attached to them 
that fairs with the aircraft skin when the gear is fully retracted. Other aircraft have separate doors that open, allowing 
the gear to enter or leave, and then close again. 

In addition to supporting the aircraft for taxi, the forces of impact on an aircraft during landing must be controlled by 
the landing gear. This is done in two ways: 1) the shock energy is altered and transferred throughout the airframe at a 
different rate and time than the single strong pulse of impact, and 2) the shock is absorbed by converting the energy 
into heat energy. Many aircraft utilize flexible spring steel, aluminium, or composite struts that receive the impact of 
landing and return it to the airframe to dissipate at a rate that is not harmful. The gear flexes initially and forces are 
transferred as it returns to its original position. The most common example of this type of non-shock absorbing landing 
gear are the thousands of single-engine Cessna aircraft that use it. Landing gear struts of this type made from composite 
materials are lighter in weight with greater flexibility and do not corrode. 

 

  
                                                               Fig:-  Retractable Landing Gear 

  
Alignment system of Landing Gear:- 

As previously mentioned, a torque arm or torque links assembly keeps the lower strut cylinder from rotating out of 
alignment with the longitudinal axis of the aircraft. In some strut assemblies, it is the sole means of retaining the piston 
in the upper strut cylinder. The link ends are attached to the fixed upper cylinder and the moving lower cylinder with a 
hinge pin in the center to allow the strut to extend and compress. 

Alignment of the wheels of an aircraft is also a consideration. Normally, this is set by the manufacturer and only 
requires occasional attention such as after a hard landing. The aircraft’s main wheels must be inspected and adjusted, if 
necessary, to maintain the proper tow-in or tow-out and the correct camber. Tow-in and tow-out refer to the path a main  
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wheel would take in relation to the airframe longitudinal axis or centerline if the wheel was free to roll forward. 
Three possibilities exist. The wheel would roll either: 1) parallel to the longitudinal axis (aligned); 2) converge on the 
longitudinal axis (tow-in); or 3) veer away from the longitudinal axis (tow-out).  

The manufacturer’s maintenance instructions give the procedure for checking and adjusting tow-in or tow-out. A 
general procedure for checking alignment on a light aircraft follows. To ensure that the landing gear settle properly for 
a tow-in/tow-out test, especially on spring steel strut aircraft, two aluminum plates separated with grease are put under 
each wheel. Gently rock the aircraft on the plates to cause the gear to find the at rest position preferred for alignment 
checks.  

 
 

A straight edge is held across the front of the main wheel tires just below axle height. A carpenter’s square placed 
against the straight edge creates a perpendicular that is parallel to the longitudinal axis of the aircraft. Slide the square 
against the wheel assembly to see if the forward and aft sections of the tire touch the square. A gap in front indicates 
the wheel is towed-in. A gap in the rear indicates the wheel is towedout. 

Camber is the alignment of a main wheel in the vertical plain. It can be checked with a bubble protractor held against 
the wheel assembly. The wheel camber is said to be positive if the top of the wheel tilts outward from vertical. Camber 
is negative if the top of the wheel tilts inward.  

Adjustments can be made to correct small amounts of wheel misalignment. On aircraft with spring steel gear, 
tapered shims can be added or removed between the bolt-on wheel axle and the axle mounting flange on the strut. 
Aircraft equipped with air/oil struts typically use shims between the two arms of the torque links as a means of aligning 
tow-in and tow-out. Follow all manufacturer’s instructions. 

 
Small Aircraft Retraction System:- 
As the speed of a light aircraft increases, there reaches a point where the parasite drag created by the landing gear in 

the wind is greater than the induced drag caused by the added weight of a retractable landing gear system. Thus, many 
light aircraft have retractable landing gear. There are many unique designs. The simplest contains a lever in the flight 
deck mechanically linked to the gear. Through mechanical advantage, the pilot extends and retracts the landing gear by 
operating the lever. Use of a roller chain, sprockets, and a hand crank to decrease the required force is common. 

Electrically operated landing gear systems are also found on light aircraft. An all-electric system uses an electric 
motor and gear reduction to move the gear. The rotary motion of the motor is converted to linear motion to actuate the 
gear. This is possible only with the relatively lightweight gear found on smaller aircraft.  
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                                          Fig:-Gear down condition of light aircraft using hydraulic power pack 
 
Large Aircraft Retraction System:- 
 
Large aircraft retraction systems are nearly always powered by hydraulics. Typically, the hydraulic pump is driven 

off of the engine accessory drive. Auxiliary electric hydraulic pumps are also common. Other devices used in a 
hydraulically-operated retraction system include actuating cylinders, selector valves, uplocks, downlocks, sequence 
valves, priority valves, tubing, and other conventional hydraulic system components. These units are interconnected so 
that they permit properly sequenced retraction and extension of the landing gear and the landing gear doors. 

 
The correct operation of any aircraft landing gear retraction system is extremely important. An example of a simple 

large aircraft hydraulic landing gear system. The system is on an aircraft that has doors that open before the gear is 
extended and close after the gear is retracted. The nose gear doors operate via mechanical linkage and do not require 
hydraulic power. There are many gear and gear door arrangements on various aircraft. Some aircraft have gear doors 
that close to fair the wheel well after the gear is extended. Others have doors mechanically attached to the outside of the 
gear so that when it stows inward, the door stows with the gear and fairs with the fuselage skin.  

 
In the system, when the flight deck gear selector is moved to the gear-up position, it positions a selector valve to 

allow pump pressure from the hydraulic system manifold to access eight different components. The three downlocks 
are pressurized and unlocked so the gear can be retracted. At the same time, the actuator cylinder on each gear also 
receives pressurized fluid to the gear-up side  

of the piston through an unrestricted orifice check valve. This drives the gear into the wheel well. Two sequence 
valves (C and D) also receive fluid pressure. Gear door operation must be controlled so that it occurs after the gear is 
stowed. The sequence valves are closed and delay flow to the door actuators. When the gear cylinders are fully 
retracted, they mechanically contact the sequence valve plungers that open the valves and allow fluid to flow into the 
close side of the door actuator cylinders. This closes the doors. Sequence valves A and B act as check valves during 
retraction. They allow fluid to flow one way from the gear-down side of the main gear cylinders back into the hydraulic 
system return manifold through the selector valve. 

 
To lower the gear, the selector is put in the gear-down position. Pressurized hydraulic fluid flows from the hydraulic 

manifold to the nose gear uplock, which unlocks the nose gear. Fluid flows to the gear-down side of the nose gear 
actuator and extends it. Fluid also flows to the open side of the main gear door actuators. As the doors open, sequence 
valves A and B block fluid from unlocking the main gear uplocks and prevent fluid from reaching the down side of the 
main gear actuators. When the doors are fully open, the door actuator engages the plungers of both sequence valves to 
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open the valves. The main gear uplocks, then receives fluid pressure and unlock. The main gear cylinder actuators 
receive fluid on the down side through the open sequence valves to extend the gear. Fluid from each main gear cylinder 
up-side flows to the hydraulic system return manifold through restrictors in the orifice check valves. The restrictors 
slow the extension of the gear to prevent impact damage. 

 
There are numerous hydraulic landing gear retraction system designs. Priority valves are sometimes used instead of 

mechanically operated sequence valves. This controls some gear component activation timing via hydraulic pressure. 
Particulars of any gear system are found in the aircraft maintenance manual. The aircraft technician must be thoroughly 
familiar with the operation and maintenance requirements of this crucial system 

 
 
                                           Fig:-Retraction system of large Aircraft using Hydraulic power pack 
 
Nose wheel steering system:- 
 
The nose wheel on most aircraft is steerable from the flight deck via a nose wheel steering system. This allows the 

aircraft to be directed during ground operation. A few simple aircraft have nose wheel assemblies that caster.                  

 
Fig:- Steering system of nose wheel 

 
Such aircraft are steered during taxi by differential braking. Most small aircraft have steering capabilities through the 

use of a simple system of mechanical linkages connected to the rudder pedals. Push-pull tubes are connected to pedal 
horns on the lower strut cylinder. As the pedals are depressed, the movement is transferred to the strut piston axle and 
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wheel assembly which rotates to the left or right. Due to their mass and the need for positive control, large aircraft 
utilize a power source for nose wheel steering.  

III. CONCLUSION 
 

The need to design landing gear with minimum weight, minimum volume, high performance, improved life and 
reduced life cycle cost have posed many challenges to landing  gear  designers and practitioners. Further it is essential 
to reduce the landing gear design and development cycle time while meeting all the safety and regulatory 
requirements. Many technologies have been developed over the years to meet the challenges of landing gear 
design and development. These technologies have matured over the years and widely used in the current landing 
gear system and new technologies will continue to evolve in future. The future landing gear design for aircraft 
poses many new challenges in configuration design, use of materials, design and analysis methods. These 
challenges can be met, while adhering to all regulatory requirements of safety, by employing advanced 
technologies, materials, analysis methods, processes and production methods. By applying functional simulation 
and developing design tools, the development time and cost are reduced considerably. Use of higher strength 
materials, composites, and technologies like active damping control, electric systems, along with CAX, KBE and 
health monitoring technologies will steer the landing gear design in the days to come 
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