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Landing gear loads

The role of landing gear

The main goal of landing gear is to allow taxing on the 

ground and to absorb energy during landing. The 

knowledge of the loads, that is present during such 

maneuvers allows to size the landing gear structure. 

All cases which could occur during normal exploitation 

and during emergency procedures are described in the 

regulations

Energy

• The energy, which must be absorbed by 

landing gear is the sum of kinetic  energy 

due to vertical speed (descend) and

potential energy:
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where:

E – energy of an aircraft due to vertical motion,

w – vertical component of aircraft’s speed (descend),

h – the change of high of the CG from touchdown to max. deflection of shock 

absorbers

Energy

• The energy should be lesser (or equal at least) 
than work of absorbers, that could be written as 
follows:
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where

L – work of absorbers, 

Z – max vertical force acting on the landing gear,

ha – absorber travel, 

i – absorbing ratio – CG travel / absorber travel,

ηa – damping coefficient of absorber(defined later), 

hp – tire travel, 

ηp – damping coefficient of tire



Energy

• Assumption – absorbing work is performed by main 
gear, thus max. load acting on the main gear during 
landing is equal to:
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To apply this formula we have to know max. acceptable descend 

value w and lift force Pz during touchdown.

Energy

Descend starts when:

Pz – mg < 0

(mg - Pz) is the force acting on the aircraft in vertical direction 

(downward). Due to too small lift force, vertical acceleration is 

present.

If we use two contradictory assumptions:

– lift force is equal to weight,

– lift force is equal to zero,

it is obvious, that real force is between these values – what 

regulations say about this?
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Load factor

The next step is to compute load factor increment during landing, which can be 

defined as follows: 
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if we consider, that before touchdown: 
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we obtain load factor during landing: 
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Load factor

Horizontal force is defined as: 
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where µ - friction coefficient. 

Load factor longwise x-x can be derived as follows: 
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or: 
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where a – vertical acceleration of an aircraft CG due to Z force. 

Load factor

In computation we assume, that force X acts on wheel axis (excluding case, when brakes are 

active). The moment of force is equal to kkkk IM
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 - thus needs to start wheel rotation before 

landing. 

Load factor

Resultant force of Z and X usually gives moment, which can be defined as: 
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     or more simply as: 
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     Moment causes angular acceleration: 
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when the value ε is known, load factor due this acceleration can be derived as 

function of distance x from CG 
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Shock absorbers

The landing gear is loaded during on the ground taxing 
according to the dynamics rules. Landing gear has spring 
elements. Ideal spring is not able to absorb the energy. The
hysteresis filed is almost equal to zero and after deflection 
spring brings back all absorbed energy.  Such absorbers 
will cause, that not acceptable jumps will occur. The work 
of the spring is L = Zha/2 – it is the area below the spring 
characteristics.

Shock absorbers

We need high absorbing work, with as small deflections and 
vertical reactions Z as possible. We should increase the 
area below absorbing characteristic. The ideal absorber 
should give constant force, independent on it’s deflection. 
This couldn’t be acceptable during taxing on the not ideal 
runway.

Then the work is equal to: (Z × ha). 

The ratio of the energy absorbed by real absorber to work of 
ideal absorber we call damping coefficient of absorber ηa.

It is the ratio of area below absorber characteristics to are af
rectangle Z × ha. This coefficient is equal to ηa = 0,5 for 
spring; ηa ≅ 0,45 for tire.

The hydro-pneumatic absorber has ηa = 0,8 

Shock absorbers

Absorbing characteristics: a – spring absorber, b - tire, 

c – hydro-pneumatic absorber; I - load, II – load relief.

V1 < V2 < V3, V3 too fast motion of absorber (rapid increase of Z reaction,

decrease of ηa). dashed area – really absorbed energy

Typical forces system



Control system loads

Control systems

Rudder control system:

pedals – ropes

Control systems

twin stick system

Control systems

twin wheel system



Control systems

v-tail control system

Main elements

• pulleys

• pushrods

(struts and tensile rods)

• cables

The main sources of loads

• Pilot effort

• Autopilot

• hinge moments of control surfaces




