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ABSTRACT
In this paper,the active landing gear two degree of freedom mass model of the aircraft has been
developed.The dynamic equations of the active landing gear has been written to study the landing behaviour of the
aircraft on heavy landing condition.The dynamic response of the active landing gear developed model landing on
higher sink velocity with uncetainities simulated numerically.The active landing gear system provides an effective
actuation mechanism by generating the required damping force, air spring force to suppress the fuselage vibrations
significantly at touch down and other disturbance occurring during landing like runway roughness. The Proportional,
Integral, Derivative (PID) controller is designed to actuate the servo controller to generate active control force in the
landing gear system. The active landing gear system reduces the aircraft vibration levels than the passive system and
takes considerably less time to stabilize the aircraft after landing impact. Thus, the aircraft fitted with active landing
gears have improved passenger safety and comfort during the landing phase. The reduction of vibration levels and
shock strut forces improves the fatigue life of the aircraft fuselage structure and the components of landing gear
system.
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1. INTRODUCTION

Landing is the most critical operational phase of an aircraft.Landing performance of an aircraft can be
directly deteriorated by the factors such as excessive sink speed,approach speed,ground effects,undesireable
wind,runway uneveness and pilot errors.When an aircraft lands,large amplitude of vibrations transmitted to the
fuselage from the runway thereby causing passenger safety and comfort problems.Hence the vibrations need to be
suppressed quickly. Landing gear is the critical assembly of the aircraft and the centre part of the landing gear
assembly is called shock strut which plays an important role in absorbing the shocks and vibrations during landing
and taxying on runway.The aircraft,during its life time, is subjected to varying operating conditions in the air as well
as ground.As landing is the most efficient critical phase amongst all the operational phases, there is a need to design
the most efficient landing gears.Though the existing shock absorbers are the most efficient till date,they are not able
to meet the variable damping requirements to cope with the varying operating conditions.The problems such as bad
wether conditions,runway uneveness and pilot inaccuracies might arise during the aircraft operation which could
lead to accidents,sometimes In such critical scenarios,it is necessary to have the most efficient and the robust damping
system which wouuld prevent the aircraft from the potential accidents.The active suspension with robust control
strategies could prove to be a solid solution for preventing the potential accidents of the aircraft during the time of
landing.The passive system demerits are overcome by the development of active landing gear system. The limitation
of ground loads transfer to the fuselage structure and benefits of building active system in the aircraft investigated
by (Bender and Beiber, 1971; McGehee and Garden, 1979).

The advantages of decreasing landing loads and vibration levels demonstrated on different runway
configurations theoretically and experimentally by (Ross and Edson, 1983; Freymann and Johnson, 1991; Freymann,
1937). The performance evaluation of active damping control for a different taxying speeds and moving on various
random roughness surfaces by (Sheperd, 1992; Catt, 1992; Haitao Wang, 2008), have shown improvement in the
performances of single landing gear active system with robust PID controller than the passive system. Jian-Da Wu
(2008). Experimentally tested proportional-integral-derivative (PID) controller and fuzzy controller for reducing
vibration levels of a semi active vehicle suspension system using an adjustable shock absorber. Atta Oveisi (2013),
presented that the PID controller is tuned with Ziegler-Nichols rules for both robustness and vibration suppression
performance aspects. The present study analyzed the vibration analysis of active landing gears under heavy landing
condition with uncertainties. The roughness is also associated with unpaved air field and bomb-damaged runways.
Ageing of concrete runways causes the plates that settle unevenly leading to runway bumps of long wave length, gap
become steps in the runway and different level of rough damage surfaces.

Feng Tyan (2009), studied shape filter method and method of sinusoidal approximation for developing one-
dimensional random profiles. Jai-Hyunk (2000), studied the response of aircraft landing gear over a random runway
can be modelled by a non-classically damped system subject to non-stationary random excitations. Dynamic response
of cars with uncertain parameters measuring acceleration, displacement on discrete inputs and excitations by random
surfaces are investigated by Jun Dai (2011).

In this study, the active landing gear system mathematical model is formulated to analyse the dynamic
response of active landing gear system during landing impact.
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Landing gear model formulation: The mathematical model consists of the aircraft body mass and parts of the
landing gear indicated by the sprung mass m; and wheel components indicated by the un-sprung mass m,. The
linear spring with stiffness k; and a damper with a viscous damping coefficient c; is denoting shock strut of the
landing gear takes the load of aircraft structure. The spring of stiffness k,. and damping coefficient ¢, denotes the
tire mass comes in contact with the runway as shown in the figure 1. In the model y, , y, be the vertical motion of
the sprung mass and un sprung mass. y, is the ground excitation. Assuming the model has small motions which are
in the vertical directions. Springs, dampers and tire behavior are assumed linear. In this model tire damping is also
considered and the ground contact is maintained. The active landing gear system components are low pressure
reservoir, hydraulic pump, high pressure accumulator, servo actuator and electronic controller. The shock strut travel
depends on the runway undulations and the payload of aircraft during landing. In the active landing gear system, the
sensors fitted in the upper and lower side of the landing gear and obtained signal input to the PID controller. The
regulation of hydraulic fluid flow in the shock strut is controlled by the electronic controller. It generates the force
required to actively control the vibration level and limit the loads transferred to the airplane.

Figure.l. Vibration model of active landing gear system
By New tonics method, the dynamic equations are written as (1-4)
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Where Q is the active control force from the servo actuator, the matrix representation of equation (2) & (4)

T MMM

Proportional-integral-derivative (PID) controller: PID controller is commonly applied in many industrial
applications. It represents proportional, integral and derivative gains of the controller. This is simple and easy to tune
for various devices. The adjustments can be done as per the usage requirements. In this article, the electronic
controller is traditional PID considered and dynamics of the controller is formulated to evaluate performance of the
active landing gear system.

The controller design is defined by egn (6)

Ge = kpe(t) +k; [ e (6) + kg 222 (6)

G, is the current input from the controller.k,, is the proportional gain, k; andk, is the integral and derivative gain of

the PID controller. The error function in egn (7) is the difference between the reference signal and the feedback
signal measured from the sensors fitted in the landing gear.

i.e, e()=f(t)-(y,-Y,) ™
The output signal of the PID controller will change in response to a change in measurement signal or reference signal.
The displacement of the landing gear servo valve is written as egn (19)

L (t) =K {r(®) =[¥,(6) = Y, O+ kdr (6) =Ly, (6) = Y, O1}+ ko {r(®) = [¥,() = ¥, (O]} ®)
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Figure.2. Simulink model of PID controller

The dynamics of PID controller is as shown in figure (2).Here the feedback coefficients k,, proportional
gain, k; an integral gain and k, a differential gain. These are adjusted by Ziegler-Nichols tuning rules. From the
body displacement curve of the landing gear, the gain margin and phase margin values are obtained. The obtained
values are used to find the tuning values of the PID controller. The gains of the controller as described depend on the
transient behavior of the landing gear system. The tuning process is done by Ziegler-Nichols tuning method. In this
method, initially zero is set for integral and derivative gain. The k,, value raised from 0 to a critical value k., at that
time the output first exhibits stable oscillations. By this critical gain k,- and the corresponding period p.,- calculated.
The tuning values of the parameters  k,,,t; and ¢, is set by Ziegler-Nichols method as given in table (1).

Table.1. Zeigler —Nichols tuning values

Type of controller k, k; ky
P 0.5k, 0
Pl 0.45k., | 0.83 0
PID 0.6k, | 0.5p. | 0.125p,,

The control gains k,, = 0.584.,k; = 0.00412 and kg = 0.0001 has been tuned by the above tuning method
to obtain the maximum control efficiency. The active control force Q generated by servo actuator is directly
proportional to the flow output of the servo valve. The empirical formula described by egns (9) and (10) are taken
from Sharp 1988.

Q= kanlow|Qflow| (9)

The flow quantity Q,,,, is calculated by

| accum” res|
Qfiow = Cqwl ’% (10)

The servo valve travel distance I(t) is controlled by the PID electronic controller. Time delay is inevitable in the
active control system because of the involved dynamics of servo actuators, filters and sensors, to generate active
control force. In future study, the intentional time delays into the feedback loop will be investigated by compensation
methods.

Random signal

Figure.3. Simulink model of active landing gear system
Numerical simulations: The analysis presented in section 2 and 3, the acting landing gear system dynamic model
has been developed in the Matlab-Simulink environment as shown in figure.3. The landing performance of active
landing gear system with high sink velocity has been simulated in a Matlab-Simulink. The parameters used for
numerical simulation are tabulated in Table.2.

Table.2. Aircraft Parameters for numerical simulations

Description Symbol Value Units
Aircraft fuselage mass my 8800 kg
Landing gear tire mass m, 260 kg
Landing gear shock strut stiffness ki 4.08e5 N/m
Landing gear tire stiffness k, 4.08e5 N/m
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Landing gear shock strut damping coefficient C1 41944 N.s/m
Landing gear tire damping coefficient Cy 37411 N.s/m

The sink velocity 3.6 m/s and runway unevenness is considered for simulating the worst landing. The landing
scenario is depicted in figure.4.
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Figure.4. Input for sink velocity of 3.6 m/s Figure.5. Random signal for grade E random runway

For the worst landing scenario, it is assumed that the aircraft lands with a sink velocity of 3.6m/s on a rough
air strip. A disturbance signal is applied as an input to the landing gear in the form of Grade E random road profile.
The road profile is generated in the mat lab simulink environment. The Grade E road profile is very poor roughness
road and has a road roughness variance of 0.032.The velocity of the aircraft is considered as 3.6m/s and roughness
coefficient 0=0.127.The generated grade E road profile is as shown in figure.5. In realty, the aircraft might exceed
the regulation limits of the sink velocity during landing because of pilot inaccuracies. Moreover the strip is not always
smooth because of weather conditions which may cause excessive vibrations and sometimes a crash at the time of

landing.
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Figure.6. Fuselage acceleration response for sink Figure.7. Fuselage displacement response for sink
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Figure.10. Airspring force for sink velocity of 3.6m/s
From figure (6), even though the peak value of active landing gear acceleration is slightly greater than
passive but the settling time of active system is 2.892 s less than the passive landing gear system. The fuselage
displacement of passive is 0.8071m and the active system is 0.7358m.which shows the 8.83% reduction by the active
system as shown in figure (7).shock strut travel of active system is less than the passive system as shown in figure
(8). Even though it is a minimum value it greatly improves the life of the aircraft structure and the landing gear
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system.The air spring force developed by the passive landing gear is 84750 N and the active landing gear system is
59040 N. The damping force developed by the passive landing gear is 84350 N and the active system is 75630 N.
which indicates that the shock strut force developed by the active system is less than the passive landing gear system
asin figure (9) & (10). The results indicate that the effectiveness of the designed active system for the adverse landing
conditions.The amplitude of peaks increased as the aircraft landed on a rough airstrip with higher landing impact.
However, for the worst case landing also,the active system could damp out the vibrations getting transmitted to the
fuselage effectively.moreover the aircraft takes considerably less time to stabilize after the initial impact.

2. CONCLUSION

The formulation of mathematical vibration model of active landing gear system has been done and
numerically simulated in the MATLAB-SIMULINK for heavy landing condition. The vibration levels show that
reduction in the magnitude of fuselage acceleration and displacement by the active landing gear system than the
passive system during landing with the uncertainties. The aircraft takes considerably less time to stabilize after the
landing impact. It is also observed that the designed system is able to suppress the fuselage vibrations significantly
not only for higher sink velocities but also in case of other disturbance occurring during landing like runway
roughness. Thus, the aircraft fitted with active landing gears have improved comfort level of passengers due to
vibrations and safety during the landing phase. The reduction of vibration level and shock strut forces improves the
fatigue life of the aircraft fuselage structure and components of the landing gear system.
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