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ABSTRACT 
 

One of the most important components of an aircraft is the landing gear. In today`s modern landing gears, mostly oleo-

pneumatic shock struts are used. Analytically, landing gear can be modeled as a mass-spring-damper system. The model used 

in the study included landing gear components such as the oleo-pneumatic shock strut, tire and wheel. Furthermore, a tapered 

metering pin was added to model in order to control the area of the orifice by which hydraulic oil flows during the act of landing 

impact force. Landing gear design usually aims to minimize two elements which are vertical acceleration and displacement of 

aircraft mass. The impact force during landing is indicated by vertical acceleration. Displacement of shock absorber should be 

minimum to decrease the size, weight and space needed for the landing gear system. An optimization problem was defined to 

minimize those two parameters within the range of given inputs. For this purpose, a composite objective function was created 

to include and optimize the two output parameters simultaneously with equal weight. Among many inputs, metering pin hub 

and tip external diameters were selected as variables for the optimization and other inputs were kept constant. For the 

optimization study, genetic algorithm method was coupled with the Matlab/Simulink model of the landing gear model. After 

some iterations, solution was converged to determine the two diameters of the metering pin where the vertical acceleration and 

displacement of aircraft mass are minimized as an objective. At the end of optimization process, vertical acceleration of aircraft 

mass was reduced from 2.433 g to 1.7828 g (-36.47%) within the given constraint of 2 g maximum. Displacement of aircraft 

mass X1 was increased from 0.2982 m to 0.3682 m (+23.47%) which is in an acceptable limit of 0.4 m. 
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1. INTRODUCTION 
 

The landing gear arrangement is a crucial part of aircraft design. Landing gear system can be considered 

as a suspension system which absorbs and dissipates the kinetic energy during taxi, takeoff and 

particularly throughout landing of the airplane. Conway [1] explained the landing gear design in a 

practical way. Currey [2] presented a step by step approach in landing gear design. In today`s modern 

landing gears, mostly oleo-pneumatic shock struts are used. Wahi [3] conducted a complex analysis and 

real-time simulation of conventional oleo-pneumatic shock struts by including both aircraft and strut 

dynamics in the simulation with a good correlation between flight/drop test data. For aircraft design and 

research, Furnish and Anders [4] performed an analytical simulation of landing gear dynamics to 

demonstrate how landing gear dynamics affect aircraft taxi and landing loads by including both nose 

and main gear models in the total airplane equations of motion and presented test results for comparison 

with the analytical data. McBrearty [5] studied various cases of landing-gear structural failure. Yadav 

and Ramamoorthy [6] investigated nonlinear landing gear behaviour during landing impact for a heave-

pitch model with telescoping main gear and articulated nose gear utilizing an oleopneumatic shock 

absorber was used to study landing gear dynamics for an airplane. Recent advances in the computational 

simulation of landing gear systems were presented and an overview of how numerical analysis methods 

may be used to solve vibration problems in landing gears was provided by Krüger and Morandini [7]. 

Dinc and Gharbia [8] investigated the impact of spring and damper elements by simulations on dynamics 

of aircraft landing gear. Paletta et al. [9] proposed an automatic procedure for the landing gear 
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conceptual design of a light unmanned aircraft and simulated the drop test for two cases which are single 

orifice with constant area and single orifice with variable area (metering pin), showing increased 

efficiency in the case of variable area with metering pin. Nuti et al. [10] demonstrated the conceptual 

design and multibody dynamics analysis of an innovative fuselage-mounted main landing gear for a 

civil transport aircraft with a passenger capacity of about 300. Chester [11] employed a parametric 

method to simulate landing impact, determining the reaction of the main and nose gears by pitching and 

heaving degrees of freedom of the aircraft motion. Shi [12] and Shi et al. [13] performed single and 

multi-objective optimization studies of passive shock absorber for landing gears by considering four 

types of metering pins including conventional taper pin, multi-taper, single-parabolic and multi-

parabolic configurations. Asthana and Bhat [14] proposed a novel design of landing gear oleo strut 

damper using magnetorheological fluid for aircraft and UAVs. Liu et al. [15] performed an optimization 

study on shock absorber based on magnetorheological (MR) damper with a metering pin and presented 

drop test results on the damping characteristics of the shock absorber and damping effect. Heininen et 

al. [16] studied the behavior of the equations of state in fighter aircraft oleo-pneumatic shock absorber 

modelling and concluded that verifies that the ideal gas law should not be used. Zhu et al. [17] proposed 

a mathematical model that takes into account the thermal effect of landing gear which is based on a 

single operating oleo-pneumatic shock absorber. Karam and Mare [18] proposed an advanced model for 

landing gear shock struts which explicitly treats the heat exchange between gas and oil and also takes 

into account physical phenomena such as chamber compliance, gas dissolution, and gas/oil mixed flow 

between chambers. Bharath et al. [19] developed a simple oleo pneumatic (shock absorber) model using 

computational fluid dynamics (CFD) program to understand how various parameters influence the 

performance of the undercarriage shock absorber. 

 

The originality of this paper comes form the fact that the study focuses on and optimizes the geometry 

of the metering pin which is very seldom in literature. Additionally, this study employs a coupled 

genuine genetic algoritm optimization code developed by the author. 

 

2. MATERIAL AND METHOD 

 

2.1. Dynamic System Model 
 

A landing gear was modelled as a mass-spring-damper system in this analysis as depicted in Figure 1 

where m1 represents aircraft mass distributed to each landing gear and m2 represents the total mass of 

wheel and tire group respectively. In this model there are two spring elements which are k1 shock 

absorber spring and k2 tire spring elements. Last element of the model is b damper of the shock absorber. 

The aim of this model is to calculate F1 force acting on the aircraft mass and displacement of the aircraft 

and shock absorber. Equations of motion can be written as follows [20]:  

  

𝐹1 = m1ẍ1 = W1- Fspring, shock absorb - Fdamping (1) 

𝐹1 = 𝑚1�̈�1 = 𝑊1- k𝑥 - b�̇�   (2) 

𝑥 = 𝑥1 − 𝑥2   (3) 

𝑚1�̈�1+ 𝑘1 (𝑥1 − 𝑥2)+ b(�̇�1 − �̇�2) = 𝑊1 (4) 

𝑊1 = 𝑚1g − L (5) 

𝑚1�̈�1+ 𝑘1 (𝑥1 − 𝑥2)+ b(�̇�1 − �̇�2) = 𝑚1g − L (6) 

 

Similarly, F2 force acting on the mass m2 (wheel and tire group) can be written as given below: 

 

𝐹2 =  𝑚2�̈�2 = 𝐹spring, shock absorb  +Fdamping − 𝐹spring, tire (7) 

𝑚2�̈�2 = 𝑘1𝑥 + b�̇� − 𝑘2 𝑥2 (8) 

x = 𝑥1 − 𝑥2   (9) 

𝑚1�̈�1+𝑘1 (𝑥1 − 𝑥2)+ b (�̇�1 − �̇�2) = 𝑊1 (10) 

𝑚2�̈�2 − 𝑘1 (𝑥1 − 𝑥2) − b (�̇�1 − �̇�2) + 𝑘2 𝑥2 = 0 (11) 
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where: 

b   : shock absorber damping coefficient  

F1  : net force on m1 

F2  : ground reaction force 

g   : gravity 

k1  : shock absorber spring constant 

k2  : tire spring constant 

L   : lift force acting on aircraft 

m1  : aircraft mass (per landing gear) 

m2  : total mass of wheel, tire and axle  

V   : aircraft vertical speed (descent velocity) 

W1 : aircraft weight minus lift force 

x    : displacement of shock absorber 

x1   : displacement of aircraft 

x2   : displacement of wheel 

 

 

 
(a) 

 
(b) 

 

Figure 1. (a) Mass-spring-damper model for landing gear; (b) Shock absorber cross section and metering pin 

diameters. 

 

2.2. Genetic Algorithm 
 

The Genetic Algorithm (GA) optimization technique was used in this analysis. GA is a powerful 

mathematical algorithm used for solving complex problems and optimization tasks. GA is based on the 

evolution theory, and is used to find a solution to a problem called an objective function using a 

numerical algorithm. In physics, engineering, industry, economics, and finance, GAs have been used as 

a computational algorithm in various fields including aerospace [21–26]. In the genetic algorithm, the 

steps and processes are all mathematical operations. Chromosomes, generation, mutation, and crossover 

are all terms that refer to mathematical operations of binary numbers. Genetic algorithm optimization 

can be applied to a well specified problem using the steps below [27]:  

 

• Step 1. Pick and presume genetic parameters  

• Step 2. Generate chromosomes of the original population randomly in chosen intervals and accuracy 

• Step 3. Calculate the objective function to evaluate the fitness value of the chromosomes 

• Step 4: Chromosome selection  

• Step 5: Chromosome crossover  

• Step 6: Chromosome mutation  

• Step 7: New generation of chromosomes (offspring) 
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It is needed to repeat steps from 3 to 7 for a number of iterations which are called “generations” until a 

converged solution is obtained. 

 

3. RESULTS AND DISCUSSION 
 

A computer model was constructed to solve the equation of motions simultaneously in Matlab/Simulink. 

A geometry given in Figure 1 was used in the simulation with a specific feature of tapered metering pin. 

The flowchart of the model is given in Figure 2 which uses a set of inputs to calculate hydraulic, 

pneumatic and tire forces in an iterative manner to determine displacements, velocities and accelerations 

of the sprung mass (airplane) and unsprung (tire&wheel assembly) mass. Calculated accelerations are 

related with the forces acting on sprung and unsprung masses which are required for structural 

calculations in the design process later on. Similarly, Matlab/Simulink model is given in Figure 3. A set 

of input parameters were collected mostly from [20] and is tabulated in Table 1.  

 

Table 1. Landing gear baseline input parameters (adopted from [20]) 

Parameter Value 

Aircraft sink speed (m/s) 3.05 

Shock absorber hydraulic area (m2) 0.0256774 

Aircraft mass per landing gear m1 (kg) 18103 

Tire & wheel mass m2 (kg) 59.43 

Oil density (kg/m3) 870 

Orifice diameter (mm) 28.6 

Discharge coefficient 1 

W1 : Weight minus lift (N) 0 

Baseline metering pin constant diameter (mm) 24 

 

 

 
 

Figure 2. Flowchart of landing gear simulation (adopted from [3]). 

 

Initially, the model was prepared with a different geometry metering pin as described in [20] and model 

validation was performed with the results given in [20]. Then the model was updated with a tapered 

metering pin which is the focus point of this study. Apart from the embedded GA optimization functions 

in Matlab, a new genuine optimization code was written by authors to optimize two parameters at the same 

time for a composite objective function and multiple constraint equations. Then, Simulink model of 

landing gear (Figure 3) and the new Matlab optimization code were integrated to work together. Once 

initial results were obtained, exhaustive optimization studies were conducted. For the optimization study, 

a composite objective function was defined to minimize two elements which are vertical acceleration 

and displacement of aircraft mass. The impact force during landing is indicated by vertical acceleration. 

Displacement of shock absorber should be minimum to decrease the size, weight and space needed for 
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the landing gear system. Therefore, the composite objective function was created to include and optimize 

the two output parameters simultaneously with equal weight. Among many inputs, as the main focus of 

this research, metering pin hub and tip external diameters were selected as variables for the optimization 

and other inputs were kept constant. Resulting composite objective function was defined as follows:  

 

Z = [
1

0.5 (
Acceleration

𝑐1
) + 0.5 (

Displacement
𝑐2

)
    

   

] (12) 

 

where Z is objective function, c1 and c2 are constants. Those two constants are used to normalize 

“Vertical Acceleration” and “Displacement” parameters. Since vertical acceleration (indicating landing 

impact force) and displacement of aircraft mass has different orders of magnitude, normalization by 

constants c1 and c2 is needed. There are also 0.5 multipliers applied in Eq. (12) to make “Vertical 

Acceleration” and “Displacement” equally important for the objective function with a 50% weight. As 

a result, the objective function should be maximized around 1. 

 

 
 

Figure 3. Simulink model of landing gear. 

 

After determination of objective function, a set of constraints were defined in the problem.  Constraint 

for max vertical acceleration (indicating landing impact force) was assumed as 2 g and max 

displacement of aircraft mass was assumed as 0.4 m. Those two output parameters need to be controlled 

within their constraints or limits. Additionally, those two output parameters are inversely proportional 

to each other, in other words when vertical acceleration is reduced, the displacement of aircraft mass 

increases and vice versa.  Increase in displacement of aircraft mass leads to longer landing gear causing 

weight increase and also structural problems. 

 

Figures 4-7 shows the general results. Objective function was converged after 25 generations (iterations) 

and reached its maximum value (Figure 4a). The effect of D1 and D2 metering pin diameters on 

displacement of aircraft mass is seen in Figure 4b and Figure 5a respectively. Similarly, the effect of D1 

and D2 metering pin diameters on vertical acceleration (g-force) is seen in Figure 5b and Figure 6a 

respectively. Finally Figure 6b and Figure 7 depicts the effect of D1 and D2 metering pin diameters on 

composite objective function respectively. It is noticeable that optimum values are around the more 

populated areas as a result of genetic algorithm in Figures 4-7. 
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(a) 

 
(b) 

 

Figure 4. (a) Objective function vs. generations (iterations); (b) Displacement of aircraft mass vs. D1. 
 

 
(a) 

 
(b) 

 

Figure 5. (a) Displacement of aircraft mass vs. D2; (b) Vertical acceleration vs. D1. 

 

At the end of optimization process, metering pin diameters D1 and D2 were obtained as optimum values 

for a balanced composite objective function of vertical acceleration and displacement of aircraft mass 

as given in Table 2. After optimization, vertical acceleration of aircraft mass was reduced from 2.433 g 

to 1.7828 g (-36.47%) within the given constraint of 2 g maximum. Displacement of aircraft mass X1 

was increased from 0.2982 m to 0.3682 m (+23.47%) which is in an acceptable limit of 0.4 m. 

Additionally, time response solutions are given in Figures 8-9 for initial unoptimized geometry pin 

(constant 24 mm diameter) and also for optimized geometry pin (tapered) respectively. 

 
Table 2. Results 

 

Parameter Before 

Optimization 

After 

Optimization 

Change 

Metering pin diameter D1 at tip (mm) 24 18.5471 -29.4% 

Metering pin diameter D2 at hub (mm) 24 24.1686 +0.7% 

Displacement of aircraft mass X1 (m) 0.2982 0.3682 +23.47% 

Vertical acceleration (g) 2.433 1.7828 -36.47% 

Best composite objective function value - 1.0048 - 
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(a) 

 
(b) 

 

Figure 6. (a) Vertical acceleration vs. D2; (b) Objective function vs. D1. 

 

 
 

Figure 7. Objective function vs D2 

 

 
      (a) 

 
          (b) 

Figure 8. Initial unoptimized geometry (a) vertical acceleration (g) vs time (s); (b) displacement of aircraft mass (m) 

vs time (s) 
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          (a) 

 
              (b) 

 

Figure 9. Optimized geometry (a) vertical acceleration (g) vs time (s); (b) displacement of aircraft mass (m) vs time (s) 

 

4. CONCLUSION 
 

In this study, an analytical model (spring-mass-damper) of landing gear was constructed with a special 

focus as tapered metering pin element in the shock absorber. Metering pin diameters D1 and D2 (tip and 

hub, see Figure 1b) were optimized for a balanced composite objective function of vertical acceleration 

and displacement of aircraft mass. After optimization, vertical acceleration of aircraft mass was reduced 

from 2.433 g to 1.7828 g (-36.47%) within the given constraint of 2 g maximum. Displacement of 

aircraft mass X1 was increased from 0.2982 m to 0.3682 m (+23.47%) which is in an acceptable limit 

of 0.4 m. Genetic algorithm was successful in finding the optimum values and showed that it is a useful 

algorithm for optimization of this kind of problems in addition to many other application areas.  
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