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Abstract— Buffer performance system or the resistance force of
a landing gear mechanical structure is one of the key points for
aircraft landing gear design as not only does it provide structural
strength but it also ensures smooth landing and a reduction of fuel
consumption. This paper investigates the possibility of improving
the effectiveness of the buffer performance of a landing gear with
a new metering pin design. The shape of the metering pin inside
the shock absorber affects directly the buffer absorption
efficiency and buffer absorption power. The objective of this
research is to gather previous data of existing shock absorbers,
analyse its influence throughout different parameters and come
up with a new possible improved metering pin design to
determine how the efficiency is affected. A new ideal approach to
investigate the impact of a new metering pin device on shock
absorption efficiency of a landing gear is proposed.

Keywords—Buffer performance; metering pin; shock absorber;
efficiency; landing gear.

l. INTRODUCTION

Aircraft landing gear is one of the most fundamental
components of an aircraft as it handles its entire load during
the process of landing and grounding procedures which
impacts on flight safety. A suitable gear depends on the aircraft
design and shock absorption during landings and take offs. In
order to prevent the structural components from being
damaged due to an overloaded aircraft during the take-off and
landing process, the designed landing gear must be able to
effectively absorb the energy generated during the landing.

The role of the shock absorber is to absorb and dissipate energy
upon impact so that the forces imposed on the aircraft’s frame
are tolerable [1]. Oleo pneumatic shock absorbers are utilized
mostly because of its effectiveness of reduced forces
transferred to the aircraft from the impact during landing, as
well as from the disturbance due to the disproportion of the
taxiway. Currently, most aircraft utilize a passive oleo-
pneumatic shock absorber because of its significant energy
dissipation capacity compared to other shock absorbers,
together with high strut efficiency and decent rebound control.
Passive shock absorbers are commonly used in aircraft landing
gears but can optimally be designed for specific conditions.
However, passive shock absorbers cannot function optimally
under conditions that differ from their specified conditions due
to mass variation problems of passive shock absorbers. When
an aircraft touches the ground, the landing gear bears a large
impact load, which may damage its structure. Therefore, it is
necessary to study the shock absorber of the landing gear
during landing as it impacts directly its buffer performance.
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A contrast between the calculated results and the drop-test data
was evaluated to consider the mechanic model in this paper
[2]. In reference [3] a research on the performance and
efficiency of buffer absorption of a landing gear system was
executed. It was concluded that the size of hydraulic flow of
the fluid through the orifice area plays a major role on its
efficiency.

Apart from passive devices, active and semi active control
methods have also been proposed as aircraft shock absorbers.
A theoretical analysis and experimental validations have been
carried out to investigate the advantages of the actively
controlled landing gears, such as in [4, 5]. The landing gear
system featuring electrorheological/magnetorheological fluids
was theoretically evaluated in Reference [6]. Furthermore,
detailed analysis of factors and parameters are available in the
existing literature [7, 8, and 9].

The efficiency of the buffer absorption performance of a
landing gear system is affected by its shock absorber which in
turn is dependent on the hydraulic flow of the fluid through the
orifice area. Implementing a new shape of metering pin can
improve considerably the buffer efficiency. It is of uttermost
necessity to make the landing gear with minimum load, less
volume, high efficiency, more comfort, safety, enhanced life
and reduction in life-cycle. Targeting an increase in efficiency
of the buffer performance will reduce the structural damage of
the struts and energy consumption (fuel). It will also improve
drop test quality, landings, take-offs, passenger comfort and
impact on the environment.

This paper provides an ideal procedure through which the
buffer performance of a landing gear can be analysed. The aim
is to evaluate the positive and negative impact of including a
new shape of metering pin design in a simple shock absorber
and to perform a comparison with the performance of a
conventional shock absorber without a pin device.

Il. BUFFER SYSTEM

The shock absorber system or the buffer system is often
referred as the most essential part in the landing gear of an
aircraft. The greatest fundamental function of shock absorber
system including other segments of landing gear such as the
tire is to act as an absorber of energy for landing impacts or
any unpredictable shocks provoked and transferred to the
aircraft fuselage while taxiing over disproportional surfaces.
The landing touchdown cushion defines the maximum energy
dissipation conditions for the shock absorber and rules its
overall performance when comparing all the design operation
conditions. Precisely, the aim is to disperse all the impact
energy without instigating the aircraft to rebound and fulfil the
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design requirement while considering the greatest energy
absorption efficiency and the minimum gear load signifying
passenger/crew comfort.

At present, buffers are mainly divided into two basic types:
solid spring shock absorbers made of steel or rubber, fluid
spring shock absorbers made of oil, or mixtures of two media
- oil and gas shock absorbers [10]. Oil and gas dampers have
been widely used in aircraft because of their high cushioning
efficiency that can generally reach 70% and their good power
absorption capacity. To improve the landing performance of
the oil and gas shock absorber, the designer made a large-scale
design improvement on the internal and external structure of
the shock absorber. In addition, a variable oil-hole design was
included or a double-chamber structure was used in the buffer.
As the number of improvements in the internal and external
structure of the buffer decreases, more and more design
methods and optimization tools can be used to optimize the
buffer. Which designh method or optimization tool can be used
to obtain the optimal buffer parameters (single or double cavity
buffer internal filling parameters, one-way or main oil hole
diameter, metering pin etc.) to improve the landing buffer
performance has gradually become one of the research
hotspots.

In this research, we discuss about shock absorbers without
(Fig. 1) and with metering pins (Fig. 3). Typically shock
absorbers comprise of two compartments namely a steel
cylinder and a flexible piston. Guide bearings are utilized to
facilitate the movement between the piston’s outer surface and
the inner surface of theI upper cylinder.
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Fig. 1. A conventional passive shock absorber

As indicated in Fig. 1, the system’s lower section (piston rod)
is supplied with hydraulic liquid and the system’s upper
section (cylinder) is filled with a gas. The air is compressed by
the fluid when the lower section rod passes throughout the

upper section cylinder and this action creates a phenomenon
that causes an elastic resistive motion.

The shock absorber is a unit combination consisting of a
hydraulic damping system and an air-filled spring system. The
piston rod acts as the pneumatic spring when it moves inside
the upper section with respect to the fluids.

During landing of an aircraft, the lower component of the
system (piston with the wheels) moves back and forth into the
upper section (cylinder), filling partly the inner chamber with
the damping liquid and compressing the gas. Such damping
influence is possible due to the six holes in the chamber
plunger allowing a cycle fluid flow inside the buffer. The
plunger is linked to the sealing of the upper cylindrical section
of the system. The shock absorber also consists of a main
orifice area to regulate the flow of the fluid during extension
and retraction of the lower section of the system. In order to
augment the damping effect, back valves are utilized in the
internal surface to obstruct the movement of the fluid into this
space during reverse movement of the piston.

A. Mechanical Model of the system

In this section, a mechanical model of a landing gear is
assembled and the resistant forces for a conventional oleo-
pneumatic shock absorber are outlined. Certain assumptions
regarding some factors were considered for simplicity.
Constant damping orifice discharge coefficient and air-
compression exponent were assumed in the nonlinear shock
absorber model.

Fig. 2. Schematic of Landing gear model

A two-degree-of-freedom model shown in Fig. 2, is utilized to
construct the landing characteristic of the landing gear (an
altered version of figure 1a in [11]).

The total axial force or resistive force f; of the shock absorber
is expressed as

fo =1, + i 1)

Where, f;, and f denote the hydraulic damping force and air
spring force respectively.

B. Equation of Motion & Resisting Forces

The mass of the gear divides into an upper section and a lower
section of the strut. m; symbolises the entire upper section as
well as the mass of the fuselage affecting the gear, and
m, characterizes the mass of the inferior section. The
gravitational force acts directly on the masses m; and m,
whereas lift affects both the masses. The equation of motion
for the two-mass systems shown in Fig. 2, is expressed as
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When 0 < z, < 7, ., and as
z) = —f/m,, 2, = (f — kz,) /m, (2)
When z, = 0 0r z, = 7,
Z) = —kz,(m; + my), 7, = 7 3)

Where, m, signifies a mass load combination of travelers,
freight, and fuel of a landing gear and m, represents a mass
load combination of tires and moving part of the shock
absorber. k denotes the total spring constant of tires and
z,and z, indicate a vertical acceleration of
m,and m, respectively.

The vertical displacement of the two masses is denoted by the
two degrees of freedom z,and z, respectively. The strut strokes
z, identifies relative displacement in the stroke of the buffer
and is expressed by

217723

s @)

The model is intended to seize the stroke of initial contact with
the ground to the first point at which the relative velocity of
the shock strut is slowed to zero. We state this point at the
finish line of the landing process. Angle © represents the rake
angle of the strut.

The air spring resisting force of the shock absorber according
to the polytrophic law is expressed as

v\
YA

Where, A,is the effective pneumatic area of the outer
diameters of the shock absorber, P, is the initial air pressure in
the upper chamber of strut, v, is the initial volume of gas. p,
denotes the standard atmospheric pressure. vy, represents the
variability index of gas.

The hydraulic damping force due to dynamic pressure is
expressed by

_Ad 2
fh_ a ><Zp (6)
Where, A4 represents the discharge coefficient factor, a; or
a,, (with metering pin) the area of the main oil orifice and zf, is

relative velocity of the buffer stroke. The discharge factor A4
can be expressed as

A
A=2h )

Ay, represents the area of the main hydraulic chamber, Cp, the
flow coefficient of the oil hole, p density of the hydraulic fluid.

I1l.  DESIGN MODEL FOR METERING PIN

A typical shock absorber with an existing single modified
tapered metering pin design is illustrated in [12]. A metering
pin with a variable cross-section is linked to the lower piston.

The metering pin alters the flow occurrence of the fluid of the
piston as it passes through the orifice hole.

As shown in fig. 3, the shock absorber is illustrated with an
existing metering pin to illustrate how the flow of the fluid is
affected and how the cross-sectional length of the pin plays an
important role during impact on the landing tarmac.

The effective orifice area is given by

T
Ap= 4 — ZDgp (8)

Where, a;is the orifice area through which the metering pin
design moves during landing. a,, denotes the remaining cross-
sectional area when the metering pin goes though the orifice
area with respect to the displacement of z,. D,,, is the diameter
of the new metering pin construction which is calculated in
equation 9 and illustrated in fig. 4.
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Fig. 3. Shock absorber with existing metering pin design

The orifice area a; in fig. 1 is not affected by the displacement
of z, . However the effective orifice area is directly affected by
the displacement of z, as illustrated in fig. 3.
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Fig. 4. Diagram of metering pin constructions

The metering pin is evenly distributed into four-tapered
sections as shown in figure 4. Each section has a specific
diameter D; with i,,,,= 5. The diameter of the new metering
pin with respect to the displacement of z, is given below

When, 0 < z, < 7, 1,x/4, the diameter is calculated as

_ (dp—dy)
Dp=dit o s % ©)

When, 0 < z, < 7, 1,./4, the diameter is calculated as

_ (dp—dy)
Dyp=d; @pmax/4) P (10)

When, 7, max /4 < 7, <7, max /2, the diameter is calculated as

(d3—da)

sz: d2+ (Zp max/4)

X(Zp —Z max/4) (11)

When, z,, ax /2 < 2, <37, 1o /4, the diameter is calculated as

(dg—d3)
(Zp max/4)

sz: d3Jr X(Zp -7 max/z) (12)

When, 3z, 141 /4 < 7, < 7, max, the diameter is calculated as

(ds—dg)
(zp max/4)

sz: d4+ '(Zp - 3Zp max/4) (13)

In this study, a suitable relationship for orifice areas is
considered by outlining a detail sketch of lengths and
diameters of the metering pin. The area of the hole as well as
the resistance forces is observed with respect to the mass. The
area of the orifice through which the damping liquid runs is
affected by the new shape of the metering pin design.

The parameters of the landing-gear model and the passive
shock absorber used in this study are summarized in Table 1.

Table 1. Parameter for landing gear

Parameter
Name -
Symbol Units
Rake angle [0} Deg
Fluid discharge coefficient factor Ay Kg/m?
Pneumatic area for inner shock absorber piston tube A, m?
Equivalent mass of upper landing gear M, Kg
Equivalent mass of lower landing gear M, Kg
Initial gas volume of landing gear buffer Vo mé
Polytropic exponent for air-compression process Y —
Initial gas pressure of landing gear buffer Py MPa
Atmospheric pressure Patm MPa
Primary gear tire initial pressure P, Mpa
Gravitational Constant g m3/kgs?
Aircraft descent speed u, m/s
Main orifice hole area a m?
Maximum relative displacement of the piston rod
H H Z, max m
with pin P
Area of the outer hydraulic chamber Ay m?
Spring constant of the tire k N\m

IV. PERFORMANCE ANALYSIS

Following the above mentioned parameters and equations, the
system is analysed and compared without the pin device, with
existing device and with new four-tapered design. Such
analysis and comparison can be obtained by using graph
models for the understanding of the complete system
efficiency.
In order to improve the buffer absorption efficiency, the
dispersal of maximum impact energy while minimizing gear
load is the goal to be attained. Specific performance criterion
are considered for the design requirements in this work. The
shock absorption efficiency ng is a first decisive factor to
evaluate the buffer performance of the overall system and is
given by

l’lsz(foZ}lj e fs d Zp )/fs maxlelj max (14)
Where, f, n.x 1S the maximum resisting force of the shock
absorption system. Such criterion is significant for preventing
structural damage as well as stability. z, ., is the maximum
relative displacement (stroke) of the piston rod throughout the
upper cylinder during the touchdown process as illustrated in
figure 2.
These factors are used as objective functions in order to
maximize the buffer performance of the overall system. The
new design of metering pin as illustrated in figure 4 will
influence the buffer performance of the overall system for
higher effectiveness.
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The efficiency of the shock absorber is the main criterion to
evaluate the buffer performance of the system. The load
deflection or the load stroke curve is utilized to determine the
level of effectiveness of the system. It is defined as the ratio of
the area of the load stroke curve to the area of the maximum
load stroke as illustrated in fig. 5.
Specifically, the resistive force as well as the load stroke or the
displacement of the metering pin is desired to be minimised
with respect to the shape in order to have maximum efficiency.
The stroke curve graph is be largely improved when including
a metering pin device to variate the cross section according to
the load applied. The orifice cross section varies the resistive
force or load by reducing it during taxiing as well as
controlling it accordingly during take-off. The shape of the
cross sectional metering pin provides further improvement in
the functionality of the entire system as shown in fig. 6.
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Fig. 6. Effectiveness comparison of the system

A comparison of the change in efficiency of the shock absorber
without a metering pin, an existing tapered design and the new
possible design is generated. The tapered metering pin
provides an efficiency of above 80 % and the new design of
the metering pin, analysed in this research, can reach a higher

shows that new shape modification can bring further
improvements.

V. CONCLUSION

The aim of this article is to demonstrate how the metering pin
design could bring additional effectiveness to the efficiency of
the shock absorber and to stretch out the impact in the buffer
performance by changing the shape of a metering pin device.
The functionality of the buffer system is to absorb most of the
impact energy after the landing impact of the aircraft, which
also helps in converting it into heat energy. Furthermore, it
avoids overloading the buffer system due to the relatively large
load and reduces the impact force on the landing gear. As a
result, the right shape of the pin can bring an additional
improvement in the flow of the fluid resulting in a positive
upgrade. A change in the newly designed metering pin shows
that its shape is an important factor which eventually results in
a better effectiveness of the overall system.

To carry on research on this work in the future and to make
comparisons, several phases and steps can be planned and
followed. First of all, using mat lab or Simulink, a simulation
model can be included. With the stated parameters, equations
and explanation provided above in this paper, the simulation
model can be achieved.

Would the results be promising by using the simulation model,
the next phase can be directed to actual testing. This will
include a pre-drop year of a landing gear with a better
evaluation to be done.

The suspension system has a large scope for realistic
improvement of the shape modification for the metering as
well as a high degree for future upgrade. Numerous researchers
have put forward the effort to start the development of buffer
suspension system and bring this into consideration for various
potential analysts.
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