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Abstract: Facing the design difficulty and risk of aircraft landing gear, the fluid similarity theory and model
experiments are used to predict large prototype’s property, which provide guidance for hydraulic designation and
selection to reduce risk. Firstly, the matrix method is used to establish the fluid similarity relationship between the
prototype and the model’s luffing mechanism, and the above conclusions are used to design the prototype’s hydraulic
system. Secondly, the luffing mechanism’s dynamical model with accumulator was established, the initial motion
condition was set, and the pressure’s similarity ratio is obtained by simulation method. Finally, the dynamic model
and similarity ratio about time, velocity and pressure are verified by the prototype and model’s experimental data.
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Introduction

Aircraft landing gear is an important aircraft load bearing
mechanism, and the aircraft landing gear include luffing
cylinder and hoisting leg, as shown in Fig.1. [1] In history,
there have been many design failures on the aircraft
landing gear, and the mechanism can’t bear load. In order
to reduce the design difficulty and risk, it is urgent and
necessary to use the shrunken model to predict the large
prototype’s performance. Besides, the similarity research
has important theoretical and engineering value.

All of the above researches are based on the
well-known equations, but the fluid’s similarity research
and its application in aircraft landing gear are rare. Our
contribution is to establish the fluid similarity theory by
computational fluid dynamics method and fluid similarity
theory; The theory was verified by simulation and
experiments.

2 Similarity criterions based on matrix
method
The electro-hydraulic proportional directional valve
controls the luffing cylinder’s outstretch and retraction
movement; In order to reduce the pump demand, an
accumulator was added in the cylinder’s large cavity, and
the accumulator plays an energy-saving role [10-13].
2.1 Deduce the similarity criterions

Figure.1 Aircraft landing gear

At present, scholars have done similarity research in
some areas. Yang Jun-jie deduced the similarity theory
and do the model experiment. Chen Xing-hua did the
large structure test and comparision. Gezary did the micro
dynamic similar model flight test. Li Gao did the
similarity research of arch dam vibration. Cheng Su-qiu
did the scaling laws application in underwater explosion
models [2-9].

The incompressible fluid was the research target, and the
relationship among the pressure (P), oil viscosity (  ),
acceleration (g), velocity (w), length (l), and density (  )
were built.

 =p a  b g c wd l e  f

The mass (M), length (L), time (T) were the basic
factors, and the total relationship is:
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Get the following power matrix form:
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The capsule accumulator’s structure and dynamical
model are shown in Fig.3:
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Since the M, L and T have no relationship, the
following three equations are obtained from the power
matrix:
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(2)
Figure.3 Accumulator and its model

So the following three power groups were got:
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In Fig.3, the accumulator’s gas cavity equation can be
described as followed:

1 =pw -2  -1 =

(3)

 p h  p a  A a k e

According to the formulas (5), (6), (7), when the length (l)
ratio is 1: 4 and the acceleration (g) is equal, it is easy to
get: the speed (w) ratio is 1: 2, the pressure (p) ratio is 1:
4, the oil viscosity (  ) ratio is 1: 8. According to the
formula: t  l v , when the model and the prototype
have the same angle change, the time ratio is 1:2.

based

(4)

In the formula (4), Ke is the gas stiffness coefficient,
and Ce is the gas damping coefficient. The accumulator’s
oil cavity equation can be described as followed:
d 2 Va 1
dV 1
(5)
p3A n  p
me
 Be a
h Aa
dt 2 A a
dt A a
In the formula (5), Me is the oil’s equivalent mass,
and Be is the oil’s damping coefficient. Set An = n.Aa,
and from the above two equations, it is easy to get the
accumulator’s dynamical equation:

2.2 Deduce the similarity ratio and design
selection

3 Similarity criterions
dynamical model

Va
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The gas state equation is pao Vaok  pa Vak , where k(1.14)
is the gas variable index. Do the derivation on the gas
state equation:
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(7)
In the formula (8), V0 is the accumulator’s the initial
volume, and the accumulator’s flow Q1 satisfies the
following formula:
Q1= V0-Va
(8)

3.1 Establish the dynamic model
The hydraulic system’s flow distribution is shown in
Fig.2. Q2 is the hydraulic valve’s flow, Q1 is the
accumulator’s flow, and Q3 is the cylinder’s flow.
Besides the flow in the hydraulic system also includes the
compressed and leaked oil parts.

Formula (7) can be expressed in Simulink shown in
Fig4.

Figure.2 Mixture of accumulator oil
Figure.4 Accumulator’s dynamic model

3.1.1 The accumulator’s dynamical model
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3.1.2 The Dynamical Model of Valve Control
Cylinder
In the cylinder’s outstretch stage, the working state is
shown in Fig.5, and the flow distribution is: Q2=Q3-Q1

Figure.7 Hydraulic system’s simulation process with
accumulator

3.2 The similarity research
dynamical model’s simulation

on

the

Model and prototype’s cylinder outstretch movement are
shown in Fig.8. Initial conditions: the length ratio is 1: 4,
the used time ratio is 1: 2, so the average speed ratio is 1:
2. Besides, set the valve spool’s diameter ratio 1: 4, valve
spool’s flow gradient ratio 1: 2, and the accumulator’s
volume ratio 1: 4. Do the simulation in Fig.10.

Figure.5 Cylinder’s outstretch working state

The flow-continuity equation in the cylinder’s
outstretch stage:
Cd 2 .W2 .x 2 .

based
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The dynamical model in the cylinder’s outstretch
stage is shown in Fig.6
(a) Model’s displacement

(b) Prototype’s displacement
Figure.8 Cylinder’s outstretch movement

The X-axis represents the valve spool’s displacement,
the Y-axis represents the cylinder outstretch ratio, and the
Z-axis represents the cylinder’s large chamber pressure.
The model and prototype’s outstretch simulation results
are shown in Fig.9.

Figure.6 Cylinder’s outstretch dynamic model

Combine the accumulator and the cylinder’s
dynamical model, and the whole simulation process is
shown in Fig. 7.
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The prototype and model are shown in Fig.10. Model’s
luffing mechanism: ①The maximum displacement: 1m;
② Maximum working speed: 1 m / s; ③ Boom angle’s
range: -20 ° ~ 58 °. Prototype’s luffing mechanism: ①
Maximum displacement: 4m; ② Maximum working
speed: 2 m / s; ③ Boom angle: -20 ° ~ 58 °;

Figure.10 Model and prototype

4.2 Analysis of experimental data
(1)Set the appropriate outstretch step signal, so that the
model cylinder’s consumed time is 4S, prototype
cylinder’s consumed time is 8S. Model and prototype’s
outstretch movement are shown in Fig.11.

Figure.9 Cylinder’s outstretch movement simulation

From the above simulation conditions, we can get that
the prototype and model cylinder’s length ratio is 1: 4, the
speed ratio is 1: 2, so the calculated running-time ratio is
1: 2. In the cylinder outsretch stage: with the decrease of
the valve spool’s displacement and the increase of the
cylinder’s extension length, the cylinder’s large chamber
pressure is gradually reduced, the pressure ratio is about
1:4, and the pressure’s decrease leads to the
accumulator’s oil discharge process.

4 Experimental verification
4.1 Luffing mechanism’s Control and data
acquisition
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Figure.11 Model and prototype’s outstretch movement

Analysis: In the cylinder’s outstretch stage, the
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