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A B S T R A C T  
 

 

This paper describes third aircraft model with 2 degrees of freedom. The aim of this study is to develop 

a mathematical model for investigation of adoptable landing gear vibration behavior and to design 
Proportional Integration Derivative (PID) classical techniques for control of active hydraulic nonlinear 

actuator. The parameters of controller and suspension system are adjusted according to bees 

optimization algorithm by minimizing body acceleration objective function. The results of numerical 
simulation indicates that the active landing gear system based on bees intelligent algorithm increases 

passengers and ride comfort and structure fatigue life by decreasing displacement, acceleration and 

load transmitted to airframe and shock absorber system significantly about 70% and 80% averagely 
compared to passive performance during touchdown phase with sine wave runway disturbance. 

doi: 10.5829/idosi.ije.2016.29.08b.17 
 

 
1. INTRODUCTION1 
 

The dynamic load and vibration caused by the 

unevenness of runway will result in airframe fatigue and 

discomfort of passengers. The shock absorber system is 

supposed to control the impact load during the ground 

maneuver. If the aircraft moves on the road with high 

speed and under runway disturbance, that is considered 

a crash phenomenon, this outcome is inevitable with 

passive landing gear system because shock absorber 

quality is fixed in various conditions. In active 

approach, flow rate of hydraulic liquid is controllable. 

Therefore, the concentrate on active performance is 

unavoidable to overpower the difficulties in passive 

system. In recent years, the active control began to be 

popular and widely used in vibration control of 

constructions and suspensions. 

The benefit of bees algorithm is used by 

Ghanbarzadeh et al. [1-5] in a variety of functions. The 

                                                           

1*Corresponding Author’s Email: zarchi.milad@gmail.com (M. 

Zarchi) 

benefits of this active system in decreasing touchdown 

forces and oscillations caused by disturbances was 

deduced by Lucas [6] by analysis and experimentation. 

Payne et al. [7] implemented a mathematical model with 

nonlinear characteristics for main landing gear 

improved with an external hydraulic system. The work 

performed by Jocelyn [8] has been investigated on 

landing gears with active control for a range of airplane 

speeds and for various runway surfaces. 

Attaran et al. [9] indicated good performance of 

active suspension system at landing impact and 

designed PID based on BA controller that chooses shock 

absorbing force of system as object function. 

The most aircraft utilize landing gears with passive 

performance which are designed by the producers [10]. 

Some researchers [11-13] demonstrated that the 

advantages of utilizing control force to the suspension 

system to restrict the impact forces induced to the 

fuselage. Ross and Edson [14] introduced controllable 

landing gear system for the first time. The benefits of 

this active system in decreasing touchdown forces and 

oscillations  caused  by  disturbances  was  deduced  by 
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Freymann [15-17] by analysis and experimentation.  

The work performed by Catt [18] has been 

investigated on landing gears with active control for a 

range of airplane speeds and for various runway 

surfaces. 

Horta et al. [6] implemented a mathematical model 

with nonlinear characteristics for main landing gear 

improved with an external hydraulic system. A6 intruder 

landing gear system has been surveyed based on 

analysis and test method [19]. NASA researchers [20]  

survied the behavior of nose shock strut using F-106B 

airplane. This study concentrated on observation and 

experimental data based on drop tests and deduced that 

the active landing gear system significantly increases 

aircraft structure fatigue life during ground maneuvers. 

Wang et al. [21] investigated a mathematical model of 

two degrees of freedom for A6 intruder with single 

active landing gear system and pointed improvement of 

shock absorber performance with proportional integral 

derivative controller that gains are optimized through 

numerical simulation experiments. According to studies 

of [22] for automotive applications, compared with the 

passive control, the active control has fantabulous 

tunability. 

Sivakumar et al. [23] analyzed aircraft vibration due 

to runway irregularities with PID controller which 

coefficients are tuned by Ziegler-Nichols method. In 

reference [24], Zarchi et al. designed LQR controller for 

full aircraft model in order to analyze vibrational model. 

In this paper, the mathematical model with two 

masses and 2 degrees of freedom for third aircraft 

model with active landing gear is developed. In the 

second step, PID controllers with tuning method on the 

basis of bees optimization algorithm is described. In the 

next step, the comparison is made between the active 

and passive performances in touchdown phase with 

body acceleration objective function by numerical 

simulation. The final step is a short discussion and 

conclusion on the basis of results from previous step. 

 

 

 

2. MECHANICAL MODEL of ACTIVE ADOPTABLE 
LANDING GEAR SYSTEM 
 
The oleo-pneumatic landing gear includes the airframe, 

cylinder, the piston and wheel. Active shock absorber 

system is equipped by active control unit with lower and 

upper chambers that are connected by a small orifice. 

This combination betters the performance of the 

suspension system compared to passive approach by 

modifying quantity of oil flow. Mechanical model of 

passive and active airplane and landing gear is shown in 

Figure 1. 

 

 

 
Figure 1. mechanical model of passive and active system 

 

 

3. MATHEMATICAL MODEL of ACTIVE 
ADOPTABLE LANDING GEAR SYSTEM 
 
Mathematical model of the system and vibration 

equations according to Figure 1 are mentioned as: 

 

3.1. Dynamic Equilibrium Equations of Active 
Landing Gear System 

1 1 1
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3. 2. Damping Force 
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3. 5. Tyre Force 

2 2
( ) ( )

2 2
F c y y k y yt g g

                        (5) 

 
 
4. PID CONTROLLER 
 
One of the PID controllers tuning methods is open loop 

technique based on minimum error integral criteria. 

Before proceeding with a brief discussion of this 

method, it is important to note that the PID controllers 

transfer function is defined by: 

( ) i
p d

k
G s k k s

s
                                       (6) 

where, above tunable parameters can be adapted by this 

method to gain the best control efficiency. The active 

control force caused by suspension system and control 

law for improvement of landing gear system 

performance is defined according to Wang et al. [21]. 

 

 

5. BEES OPTIMIZATION ALGORITHM 
 
This intelligent algorithm is applied for tuning of PID 

classical controller parameters according to [1, 4]. In 

this paper, this algorithm is implemented by using 

integral of the time weighted absolute value of the error 

(ITAE) according to Equation (7) as objective function. 

ITAE is applied to achieve acceptable stability and 

medium fastness of response for the control system due 

to existence of time and error in this function. Bees 

algorithm parameters and control gains for optimization 

of PID controller and suspension system with body 

acceleration objective function for ITAE are obtained in 

Tables 1 to 4. The stability conditions as adjustable 

parameters of the controller to utilize in bees algorithm 

is presented according to Equation (8). 

( ) .
0

ITAE t e t dt


                                       (7) 
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TABLE 1. Bees algorithm parameters for PID optimization 

Parameter Value 

N 100 

M 15 

E 4 

Nep 12 

Nsp 5 

Ngh 60 

TABLE 2. Control gains for PID optimization 
Type of controller kp ki kd 

Passive 0 0 0 

PID-Bees Algorithm 0.652985 2.653764 0.052654 

 

 

TABLE 3. Bees algorithm parameters for suspension system 

optimization 

Parameter Value 

N 150 

M 20 

E 5 

Nep 15 

Nsp 10 

Ngh 40 

 

 
TABLE 4. Control gains for suspension system optimization 

Type of controller kp ki kd 

Passive 0 0 0 

PID-Bees Algorithm 0.4676492 674.3761 0.07646142 

 

 

6. NUMERICAL SIMULATION 
 
Fokker airplane is investigated in control system 

simulation software as case study. Aircraft and Landing 

gear masses 22000 kg and 650 kg, respectively [23]. 

The model parameters have been obtained according to 

Table 5. The dynamic responses for third aircraft model 

by using numerical simulation in MATLAB Simulink 

environment are acquired. Profile of sine wave runway 

excitation in touchdown phase according Equation (9) is 

given. 

0.1(1 cos 7.85 )0 0.4y t tg                 (9) 

 
 
6. 1. Active System with Classical Techniques 
Optimization In this part, numerical simulation is 

obtained based on two control performances. passive 

control and PID techniques based on bees Algorithm for 

active system. 

 

 
TABLE 5. Data used in the simulation 

Description Value 

c1 (Ns/m) 13.93e5 

k1 (N/m) 14.89e5 

c2 (Ns/m) 12198 

k2 (N/m) 4.77e6 
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Figures 2-9 show that the parameters of suspension 

displacement and load induced to fuselage consist of all 

forces of shock strut subsystem with acceleration 

objective function for optimizataion are reduced 

significantly using PID-BA technique compared to 

passive performance. 
 
 

 
Figure 2. The suspension force with P controller 

optimization 

 

 

 
Figure 3. The suspension displacement with P controller 

optimization 

 

 

 
Figure 4. The suspension force with PD controller 

optimization 

 
Figure 5. The suspension displacement with PD controller 

optimization 

 

 
Figure 6. The suspension force with PI controller 

optimization 

 

 
Figure 7. The suspension displacement with PI controller 

optimization 
 

 

 
Figure 8. The suspension force with PID controller 

optimization 
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Figure 9. The suspension displacement with PID controller 

optimization 

 

 

 

Table 6 is a comparison between passive and Bees 

Algorithm method for evaluation of active suspension 

system with PID classical techniques. 

The summarized results of Table 6 demonstrates that 

improvement percentage of PID-BA active system 

compared to passive performance is about 66% and 

62% for displacement and force, respectively which 

leads to comfort of ride and passengers and betterment 

of structure life. 
As validation, numerical results for the suspension 

force is verified by Figure 10 concerned to reference 

[21] that performance of active landing gear is improved 

using PID technique based on numerical simulation 

experiments. Difference between peak points of them is 

due to different sink speeds and runway excitations but 

the curves are the same. The improvement percentage of 

PID-BA active system compared to passive and active 

performance according to Wang et al. [21] is about 77% 

and 70% for shock absorber force, respectively. 

 
6. 2. Intelligent Active System with Classical 
Techniques Optimization In this section, the 

process of simulation is performed for two control 

techniques including, passive control and PID method 

on the foundation of Bees optimization Algorithm for 

active system. 
 

 

TABLE 6. Comparison of time responses 

Performance Overshoot (m) Force (N) 

Passive 1.11429 98333.3 

P-BA 0.836795 89166.7 

PD-BA 0.371429 37083.3 

PI-BA 0.660534 82916.7 

PID-BA 0.371429 37083.3 

Percentage 66% 62% 

Figures 11-16 show that the parameters of displacement 

and impact force related to fuselage and landing gear 

are reduced importantly with acceleration objective 

function for optimizataion using PID-BA technique and 

intelligent suspension subsystem accordance to bees 

algorithm have good improvement percentage compared 

to passive performance. 
 

 

 
Figure 10. The suspension force with PID controller based on 

numerical simulation experiments [21] 

 

 

 
Figure 11. The intelligent suspension displacement with P 

controller optimization 

 

 

 
Figure 12. The intelligent suspension force with PD controller 

optimization 
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Figure 13. The intelligent suspension displacement with PD 

controller optimization 

 

 
Figure 14. The intelligent suspension displacement with PI 

controller optimization 

 

 
Figure 15. The intelligent suspension force with PID 

controller optimization 

 

 
Figure 16. The intelligent suspension displacement with PID 

controller optimization 

Table 7 is a comparison between passive and Bees 

algorithm method for evaluation of intelligent active 

suspension system with PID classical techniques. 

According to Table 7, the shock absorber displacement 

and impact load decreased 82% and 99% by using Bees 

algorithm compared to passive method that results in 

improvement structure fatigue life and passengers 

comfort. Moreover, reducing these parameters leads to 

betterment ride comfort and making better body and 

landing gear structure life. 

As validation, numerical results for the suspension 

displacement is verified by Figure 17 concerned to 

reference [23] that performance of active landing gear is 

improved using PID technique based on Ziegler-

Nichols. Difference between peak points of them is due 

to different sink speeds and runway excitations but the 

curves are the same.The improvement percentage of 

PID-BA intelligent active system compared to passive 

and active performance according to [23] is about 87% 

and 75% for suspension displacement , respectively. 

 

 
TABLE 7. Comparison of time responses 

Performance Overshoot (m) Force (N) 

Passive 1.1092 95833.3 

P-BA 0.452381 - 

PD-BA 0.338095 17083.3 

PI-BA 0.471429 - 

PID-BA 0.195238 833.333 

Percentage 82% 99% 

 

 

 
Figure 17. The suspension displacement with PID controller 

based on Ziegler-Nichols [23] 

 

 

7. CONCLUSION AND DISCUSSION 
 
In this work, implementation technique of control 

function for active suspension system is major problem 

to design of a proper controller. This approach modifies 

the suspension system performance by producing of 
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good compromise in dynamic responses of third aircraft 

model for the control system. It can be demonstrated 

that improvement of displacements, accelerations and 

loads results in betterment of the active landing gear 

efficiency with bees intelligent algorithm based on 

minimum error criteria method by minimizing body 

acceleration objective function related to model as 

optimization problem compared with passive system. 

This paper shows that the important advantage of Bees 

algorithm is good robustness and stability of PID 

technique optimized performance for active system 

versus unintelligent and intelligent shock absorber 

subsystem. For the next research, investigation  of  the 

competence for this type of aircraft with more complete 

model due to type of maneuver ground and runway 

profile, other active nonlinear actuator and semi-active 

performance of landing gear system will study and PID 

controller will be adjusted with other optimization 

algorithms. 
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 چكيده
 

 
ايي هقالِ هدل يك سَم َّاپيوا با دٍ دزجِ آشادي زا تَصيف هي كٌد. ّدف ايي هقالِ بسط يك هدل زياضي بساي بسزسي 

زفتاز ازتعاضي ازابِ فسٍد تطبيق پريس ٍ طساحي تكٌيكْاي كلاسيك تٌاسبي اًتگسالي هطتقي بساي كٌتسل عولگس غيسخطي 

ّيدزٍليكي فعال دز ًظس گسفتِ ضدُ است. پازاهتسّاي كٌتسلس ٍ سيستن تعليق بس طبق الگَزيتن بْيٌِ ساشي شًبَزعسل با 

هيٌيوَم كسدى تابع ّدف ضتاب بدًِ تٌظين هي گسدد. ًتايج ضبيِ ساشي عددي ًطاى هي دّد كِ سيستن ازابِ فسٍد فعال بس 

ازي ٍ هسافساى ٍ ًيص عوس خستگي ساشُ زا با كاّص دادى جابجايي ٍ ضتاب هبٌاي الگَزيتن َّضوٌد شًبَز عسل زاحتي سَ

% بطَز هياًگيي دز هقايسِ 07% ٍ 07بدًِ ٍ ّوچٌيي باز اًتقال يافتِ بِ ساشُ ٍ سيستن جاذب ضسبِ بطَز چطوگيسي حدٍد 

 با عولكسد غيسفعال دز طَل فاش ًطست با اغتطاش باًد فسٍد هَج سيٌَسي افصايص هي دّد.

doi: 10.5829/idosi.ije.2016.29.08b.17 

 

 

 




