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Abstract - This manuscript presents various modeling strategies for an oleo pneumatic shock absorber of an aircraft. The  
various models included in this manuscript are oleo pneumatic accumulator model, a chamber model, Static four chambers, 
Dynamic, PID control, metering pin and fault model. The modeling of these models involves multi physics domains like 
mechanical, thermal, hydraulic and pneumatic sub components using AMESim software. Explained the various sub 
components of an Oleo-pneumatic shock absorber. Also the modeling and simulation of a shock absorber with leakage as the 
fault parameter presented. This manuscript also illustrates the computation of efficiency of a shock absorber using MATLAB 
software. 
 
Index Terms - AMESim, Fault modeling, Modeling and Simulation, Oleo-Pneumatic Shock absorber. 
 
I. INTRODUCTION 
 
All conventional aircraft has a shock absorber in the 
landing gear assembly. The primary purpose of 
landing gear shock absorber is, it takes a brunt of the 
shock imparted to the landing gear, absorbs it and 
dissipates the kinetic energy during landing [1]. 
Shock absorbers play a key role in improving any 
vehicle’s handling, taxing, the comfort of passengers, 
and reducing the road noises and vibration. The 
landing gear shock absorber is a structural component 
for all type of aircraft to support the whole weight of 
the aircraft. Several types of shock absorption used 
include springs, rubber pads, etc. over the years. The 
most widely used shock absorber in retractable 
assemblies is the oleo – pneumatic (gas & oil) shock 
absorber. Advanced Modeling Environment for 
Simulations (AMESim) of engineering Systems, is a 
one-dimensional lumped parameter simulation tool, 
used to model and analyze multi domain and 
intelligent systems and predicts their 
multi-disciplinary performance [2]. The modeling is 
done in four phases of sketch, sub-model setting, 
parameter setting, and simulation. In the sub-model 
setting user can choose a level of complexity for each 
of the Sub model [3]. Below Table I show the 
efficiencies of various alternatives of shock absorbing 
elements. It is clear the Oleo-pneumatic shock 
absorbers are the most efficient shock absorbing 
elements and are thus the most common type of shock 
absorber in production today, especially for the 
medium and large aircraft [4]. 
 
II. OLEO PNEUMATIC ACCUMULATOR 
MODEL 
 
The oleo-pneumatic Accumulator model consist of: A 
- Accumulator; B - Flow control;  C - Chamber;  D - 

Piston; E - M1-Suspension + Wheel; M2-Aircraft; F – 
Wheel and Ground contact force; G - Hydraulic fluid   
sub-model components as shown in Fig 1. Table II 
shows the different input parameters used in the 
model. 

 
Table I: Shock Absorber Efficiency 

 

 
Fig 1: Pneumatic Accumulator Model 

A. Accumulator 
The accumulator (gas reservoir) is responsible for 
setting the system pressure level. It is a dynamic sub 
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model of a hydraulic accumulator. The accumulator 
gas is assumed to obey a polytrophic gas law of the 
form  = constant. Where the constant is defined 
by the precharge pressure and the accumulator 
volume. The hydraulic fluid within the accumulator is 
assumed to have the same pressure as the gas. When 
the gas volume becomes 1/1000 of the nominal 
accumulator volume, the accumulator is assumed to be 
fully charged. This prevents problems that would 
occur if the gas volume tended to zero. Pressure is 
output and flow rate is input Error! Reference 
source not found.. 

 

 
Table II: List of various parameters for oleo pneumatic 

accumulator shock absorber model 
 
B. Flow rate 
A pressure is an input at each port and a flow rate 
computed output at both of these ports. The orifice can 
have laminar or turbulent characteristics and the 
switch made at a user supplied critical flow number 
Error! Reference source not found.. 
 
C. Chamber 
The total volume calculated by summing the four 
volume inputs and a dead volume which is a 
parameter of chamber. This used, together with the 
bulk modulus of fluid at the current pressure, to 
compute the hydraulic stiffness and hence the time 
derivative of pressure. Then the pressure in bar can be 
obtained as output at each port. Each port receives a 
flow rate in L/min and a volume in cm3  as inputs and 
gives a pressure as output. 
 
D. Piston 
Piston used to represent part of a jack or valve where a 
pressure acts on a piston or spool and on the body or 
sleeve where the piston and the body of the jack or 
valve are moving. The pressure at the hydraulic shaft 
port 1 is input in bar and the flow rate in L/min and a 
volume in c  computed and output at this port. 
Velocities in m/s and displacements in m of the piston 
and the sleeve are input at left ports 4 and 5 and passed 
without modification respectively to ports 2 and 3. 
Forces in N are input at ports 2 and 3 and output forces 
at ports 4 and 5 computed and forces acting at ports 4 
and 5 as shown in Fig 2. 
 

The volume of the chamber formed by the body and 
the piston is computed from the displacements 
received on ports 4 and 5. Port 1 is normally connected 
to a pressure source, a conventional hydraulic line sub 
model or an Hydraulic Component Design (HCD) 
hydraulic chamber sub model. If there is no rod, set the 
rod diameter to zero Error! Reference source not 
found.. 
Force at port 4 and 5 calculated as  

                                       (1) 
                                       (2) 

Where, 
= force at port 5; = force at port 4, 
=pressure at port 1; = diameter of piston, 
= diameter of rod, 

 
 

 
 

 

 
Fig 2: force acting at port 4 & 5 

 
E. Mass envelope 
It represents the one-dimensional motion of two 
bodies under an action of external forces in N applied 
at 4 ports and frictional forces. One body, typically a 
piston, moves within another body. The outer body 
referred to as the envelope and this moves relative to a 
fixed reference. The sub model returns velocity in m/s, 
displacement in m and acceleration in  for each 
body. The displacements limited to a specified range 
by inclusion of elastic end stops. Elastic end stops 
between the envelope and the fixed reference, Elastic 
end stops between the inner body (piston) and the 
envelope, Elastic end stops between the inner body 
(piston) and the fixed reference. Two parameter 
setting modes are available: 'simple' and 'complex'. 
In the 'simple' parameter setting mode, the same value 
of 'stiffness', 'damping coefficient' and 'penetration for 
full damping' used for all elastic end stops. The same 
value of viscous friction coefficient used for the 
'friction between piston and envelope' and for the 
'friction between envelope and fixed reference'. The 
same value coefficient of windage used for the 'friction 
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between piston and envelope' and for the 'friction 
between envelope and fixed reference’. In the 
'complex' parameter setting mode, all these values set 
independently. 
The relative displacement between the piston and the 
envelope is shown in Fig. 3 and the relative velocity 
computation is given in (4). 
 

                                                               
(3) 

 
Where, 

= displacement at port 1; = displacement at port 
2, 

 
 m 

 

 
Fig 3: relative displacement 

 
                                                                (4) 

 
Where, 

=velocity at port 1; =velocity at port 2, 
 

 
 

F. Elastic contact 
It is a sub model of an elastic contact between two 
bodies capable of linear motion. Force is output at 
each port and velocity is input at each port. The gap or 
clearance in mm calculated as an internal variable. A 
zero or negative gap implies contact. 
If there is no contact, the two bodies move 
independently. When the contact occurs, a contact 
force in N applied to both bodies. This consists of a 
spring force and a damping force. To give continuity 
to this force, the damping coefficient modified so that 
it is zero at first contact and approaches its full value 
asymptotically, achieving 95% of its full value at three 
times the penetration in mm specified by the user 
Error! Reference source not found. Max. Force, 
max displacement & efficiency of pneumatic 
accumulator model as shown in Fig 4, Fig 5, and Fig 6 
respectively. 

 
Fig 4: Max. Force = 7725.818 N 

 
Fig 5: Max. Displacement = 0.08255601 m 

 
Fig 6: Efficiency of Accumulator Model 

 
III. OLEO PNEUMATIC CHAMBER MODEL 
 
The oleo-pneumatic chamber has a pneumatic 
chamber instead of accumulator as shown in Fig. 7 
and find out the efficiency of the shock absorber 
shown in Fig 8. 

 
Fig. 7: Pneumatic Chamber Model 
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Fig 8: Efficiency of Pneumatic Chamber Model 

 
IV. STATIC FOUR CHAMBER MODEL 
 
A quasi-static simulation done to analyse the shock 
absorber with respect to the compression and static 
model shown in Fig 9. The simulation is a quasi-static 
one as the load applied on the absorber is progressively 
increased. The compression level is set through the 
position itself. 
 
V. DYNAMIC FOUR CHAMBER MODEL 
 
A Dynamic oleo-pneumatic four chamber model to 
analyse the shock absorber with respect to the real 
landing. This dynamic model consists of four 
chambers shown in Fig. 10. The input parameters 
used in dynamic model as shown in Table III, and its 
efficiency computed using MATLAB software with 
the help of trapez command to compute area under the 
curve. 
 

 
Fig 9: Static Oleo-pneumatic Model 

 
Table III: List of various parameters for dynamic oleo 

pneumatic shock absorber model 
 

 
Fig. 10: Dynamic without Metering Pin Model 

 
VI. PID CONTROL MODEL 
 
The active control model landing gear system used the 
Proportional Integral Derivative (PID) strategy 
Error! Reference source not found. shown in Fig 
11. The work demonstrated the reduction in the 
impact loads and the vertical displacement of the 
aircraft’s centre of gravity caused by landing and 
runway excitations greatly reduced using the active 
system. With the PID control model it is possible to 
simulate both static and dynamic conditions in a 
single model Error! Reference source not found.. 
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Fig 11: PID Control Model 

VII. METERING PIN MODEL 
 
Metering pin is an important part in landing gear 
shock absorber. The model of the metering pin and its 
associated sketch is shown in Fig. 12. Displacement 
sensor, dynamic X table, gain, saturation element and 
variable orifice are the essential sub models to make 
the metering pin model. 

 
Fig. 12: Metering Pin Model 

A. Displacement sensor 
Normally it is used between a linear load and a linear 
shaft such as a hydraulic jack. The displacement in m 
and velocity in m/s are input at port 1 and are passed 
without modification to be output at port 3. The force 
in N which is input at port 3 is passed without 

modification to port 1. It is necessary to sense the 
displacement. 
 
B. Dynamic X table 
It interpolates data as functions of input x. The 
interpolation can be either linear or cubic. The number 
of outputs is defined by the user: in case of multiple 
outputs, each output signal ui(x) corresponds to a 
column of the XY table. Note that the number of 
outputs can differ from the number of columns of the 
XY file. 
 
C. Gain  
Multiple signals from the dynamic sub model is 
converted into single signal & gives as output. 
Increase in the gain the output also increases. 
Parameter: Gain = 0.5 null 
 
D. Saturation element 
The user must supply minimum permitted level and 
maximum permitted level it will give the output and 
input signal in a same range. 
Parameters: 
Minimum permitted value = 2;  
Maximum permitted value = 1e+07 
 
E. Variable orifice 
Variable orifice is restriction with variable orifice. 
Orifice diameter is varied with the loading of the 
aircraft. Depending upon our application different 
variable orifice submodel is used.  
Parameters: 
Maximum flow coefficient = 0.7; Critical flow number 
= 1000; Lower limit input signal = 0; Upper limit 
input signal = 1e+06 
To improve the functionality of the entire 
oleo-pneumatic system a varying orifice cross section 
is employed.  The simple oleo-pneumatic system, with 
a fixed orifice area, is fairly straight forward to 
understand in principle and performs accordingly. A 
metering device is a mechanical system which varies 
the orifice cross section according to the applied load, 
to improve the efficiency and performance of the 
system shown in fig 19.  During light loadings, such as 
during taxiing, the orifice cross section is large, thus 
reducing the forces during these perturbations. 
Typical efficiencies of such systems are between 
75-90%, which is at least a 10% gain on fixed orifice 
oleo-pneumatic systems Error! Reference source 
not found.. 
 
Leakage is commonly experienced phenomenon in the 
shock absorber. The Leakage sub model is placed 
below the piston shown in Fig 13. The load 
displacement curve form the efficiency curve. The 
efficiency of this model is 66.34% (Fig. 14) using the 
trapez command in MATLAB with the equation for 
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computing the efficiency of the defective shock 
absorber. 

 
Fig. 14: Efficiency of a Fault Model = 66.34 % 

 
VIII. DYNAMIC FAULT MODEL 

 

 
Fig 13: Dynamic Fault Model 

 
Leakage sub model is placed below the recoil chamber 
shown in Fig. 13 and due to this leakage sub model 

part find out the effect the efficiency shown in Fig. 14 
of the shock absorber. 
 
CONCLUSION 
 
This paper presents the seven different types of 
modeling strategies for an oleo-pneumatic shock 
absorber. The multi-physics based modeling and 
simulation of an oleo-pneumatic shock absorber. 
Efficiency of oleo-pneumatic accumulator model and 
oleo-pneumatic chamber model are 70.76% and 71% 
respectively. By increasing the orifice diameter from 
4, 5, and 6 mm the efficiencies are 65.17%, 70.76, and 
74.47% respectively. A Dynamic test is done to 
analyse the shock absorber with respect to the real 
landing. In the PID model both the quasi-static and 
dynamic functionalities are incorporated. 
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