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Abstract: In this paper, a load test method of landing gear during take-off and landing of helicopter was proposed and the
structure of helicopter landing gear, the modification of strain gauge bridge, the establishment of load calibration equation and
the flight test of helicopter were studied. Firstly, according to the structure of helicopter landing gear, the stress analysis of
landing gear was carried out, and the load position and force form of landing gear were determined during take-off and landing.
Then, the measuring principle of the strain bridge was studied. According to the technical requirements, structural characteristics
of the landing gear load test and the properties and principles of the strain bridge, the distribution and load measurement form of
the strain bridge of the dangerous structure of the landing gear were designed. Then, studying load calibration test scheme of
landing gear and carrying out load calibration test, the load calibration equation of landing gear was obtained, and the accuracy of
load calibration equation was verified by comparing the expected load and actual load. Through the flight test, the landing gear
load during the take-off and landing of the helicopter was obtained. Finally, the valid analysis of flight load data was carried out.
The results show that the proposed method is feasible, and the flight test data of landing gear load are accurate and reliable, which

can provide data support for the structure modification, fatigue analysis and the life evaluation of landing gear.
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1. Introduction

Helicopter landing gear is one of the most important
bearing parts of helicopter. The main function of landing gear
is to absorb the energy during landing on or taking off, and
reduces the overload caused by landing impact. In addition,
landing gear is often used to enable helicopters to glide and
run on the ground, and to reduce the impact and turbulence
caused by uneven ground. Therefore, the stress condition and
structural deformation of landing gear of helicopter during
take-off, landing and sliding has a tight relationship with the
safety of helicopter structure. It is necessary to measure the
loads of the helicopter landing gear in the condition of taking
off, landing and sliding, so as to provide the support for the
design and life evaluation of the helicopter landing gear
[1-3].

The purpose of the flight test of helicopter landing gear
load is to verify the structural design load of helicopter
landing gear and to provide the basis for analyzing and
evaluating the structural strength of helicopter landing gear.
The load measurement of helicopter landing gear is generally

the implementation project when a new helicopter is
designed or modified. There are requirements for helicopter
landing gear loads in relevant helicopter specifications, such
as the description of in 5.3.1 of GJB5771-2006“General
requirements for shipborne helicopters” that helicopter
landing gear systems should fully absorb the impact energy
at a sinking speed of not less than 3.05 m/s without
permanent deformation and the structure will not be
destroyed with 1.5 times the above impact energy [4]. There
are requirements for the maximum use of sinking speed for
the use of a certain helicopter. Therefore, it is necessary to
measure the landing gear landing load and give the test
results.

At present, many researchers have used mathematical
models to study landing gear flight loads [3, 5-7]. However,
there are lack of researches on landing gear flight load and
damage accumulation at home and abroad and flight test data.
On the other hand, the load of landing gear cannot be fully
simulated in the laboratory, so it is difficult to accurately
evaluate the life of landing gear.

In this paper, we discuss the structure form of helicopter
landing gear, the modification of strain gages and the
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establishment of load calibration equation, and the method
was applied to the load flight test of helicopter landing gear.
Through the analysis of the flight test data, the results show
that the method is feasible, and the flight test data of landing
gear load are accurate and reliable, and the data can be used
in landing gear life evaluation.

2. Load Analysis of Landing Gear

In this paper, the configuration of the left landing gear was
analyzed. The structure of this landing gear is mainly
composed of buffer prop, anti-torsion arm, wheel shaft, inner
cylinder, outer cylinder, tire, brake device and so on. The
structure of the landing gear is shown in figure 1.

Figure 1. The structure of landing gear.

In the condition of take-off, landing and ground handling,
the landing gear usually bears on three directions of load,
namely, heading forcep, , lateral force p, and vertical
force p,, which lead to the deformation of the landing gear
structure. In the action of vertical force, the wheel shaft is
subjected to bending moment and shear, and the rocker arm
is subjected to bending moment and axial force, and the
anti-torsion arm is subjected to the tension and bending
moment, and the inner cylinder is subjected to the axial force.
In the action of heading force, the wheel shaft is subjected to
bending moment and shear, and the rocker arm is subjected
to bending moment, and the anti-torsion arm and inner
cylinder are subjected to the bending moment and axial force.
In the action of lateral force, the rocker arm and the outer
cylinder are subjected to bending moment.

According to the superposition principle, when the landing
gear structure works in the elastic range, the output of the
strain gauge bridge is linearly related to the external load,
and the strain equation can be denoted as follow.

E=ap,ta,p, ta,p, (1

Where ¢is the strain caused by landing gear loads, and
a,,a,,asare the coefficient.

When the landing gear load is measured, we require an
external load, so it is assumed that in a buffer prop travel
state, for ibridge, j kinds of calibration loads are applied.
The load equation can be expressed as follows.
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It can be seen from the load equation that the load on the
landing gear and the output value of the strain bridge are
multivariate linear regression relations [8-10].

3. The Principle of Flight Load Test and
Modification

3.1. Strain Electrotometry

(a) the principle of strain gauges

Using the strain-resistance effect of wire, the strain on the
surface of the componentis directly transformed into the
relative change of resistance, so that the strain measurement
can be carried out by electrical measurement. The strain
gauge is a sensor made by this principle. The relationship
between strain and relative variation of resistance can be
expressed as follow.

& = Ke (3)

R

where %R is the relative variation of resistance, K the
sensitivity coefficient of strain gauge wire and ¢ is the strain
of the component.

(b) Bridge measuring circuit

During the load test of landing gear, the strain on the
surface of the component is converted into AR/R by sticking
a strain gauge on the surface of the component. Because the
change of strain and strain resistance is generally very small,
it is difficult to measure directly and accurately. Therefore, it
is necessary to use a full bridge measuring circuit to convert
the small change of the resistance value of the strain gauge
into a voltage signal. At the same time, the value of the
indicated strain can be increased. Full bridge measuring
circuit is connected with resistance strain gauge on four
bridge arms, and the sensitivity coefficient is K. The output
voltage is obtained by the follow formula [11].

Uy = %k(e1 — &+ &3 —&,) = uke 4

Then the strain of the output is as follow.

Uo

£=— 5)

ku

3.2. Configuration ofStrain Bridge and Location of
Measuring

The strain gages are pasted in the region with large strain
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and no stress concentration, and the strain gages should avoid
obstacles, strain force concentration and section with too
large stress gradient to ensure the linearity and reliability of
the data. Using the whole bridge measurement method not
only can eliminate the influence of the temperature effect
caused by the different paste position on the output accuracy
of the bridge, but also can improve the voltage amplitude of
the output signal and increase the sensitivity of the output
signal and reduce the interference of irrelevant signals.
According to the technical requirements of landing gear load
test and its structural characteristics and combined with the
properties and principles of the bridge measuring circuit, the
determination of the measured load amount was carried out
on each key component of landing gear, such as the bending
moment of the anti-torsion arm, the tension force of the
buffer and so on.

a) Two measuring points on anti-torsion arm of the landing
gear were shown in Figure 2.

Q B2

Figure 2. Measuring points of the front landing gear arm.

Where bending strain of front arm is Q B01 and bending
strain of front arm is Q_B02.

b) Schematic illustration of front landing gear, bottom of
inner tube and outer tube patch was shown in Figure 3.
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Figure 3. Measuring points of the outer tube and inner tube.

Where QW_MX is the bending strain in X direction of the
outer cylinder. QW_MY is the bending strain in Y direction
of the outer cylinder. QW_MZ is the bending strain in Z
direction of the outer cylinder. QN_MZ is the bending strain

in Z direction from the inner cylinder. QN_FZ is the Stretch
strain in Z direction of the inner cylinder.

c¢) Schematic illustration of the patch on the landing gear
wheel axle (left and right symmetrical from the reverse
direction,) was shown in Figure 4.
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Figure 4. Measuring points of the landing gear wheel axle.

Where QZ_BX1 is X direction bending strain for the front
landing gear wheel axle. QZ BX2 is X direction bending
strain for the front landing gear wheel axle. QZ FX1 is the
Stretch strain in X direction for the front landing gear wheel
axle. QZ FX2 is Stretch strain 2 in X direction for the front
landing gear wheel axle. QZ FZ1 is the Stretch strain for Z
direction for the front landing gear wheel axle. QZ FZ2 is
the stretch strain in Z direction for the front landing gear
wheel axle.

QZ FY1 axle is the Stretch strain in Y direction for the
front landing gear wheel axle. QZ_FY2 is the stretch strain in
Y direction for the front landing gear wheel axle.

3.3. Load Calibration Test for Landing Gear

In the process of development and use of helicopter, it is
necessary to carry out load calibration test on structural
componentsand establish a quantitative relationship between
input load and strain bridge, that is, load calibration equation.
Applying the load calibration equation to the measured strain,
the strain time course can be converted into load time course.
This is the premise of strength design, reliability analysis and
fatigue test. When the landing gear is subjected to loads, its
stress is in the elastic range. Therefore, the landing gear load
calibration equation can be obtained by multivariate linear
regression method as mentioned above.

The landing gear load calibration can be carried out by
platform loading calibration and bench calibration. The platform
loading cannot remove the landing gear and fix the helicopter
with the landing gear on the loading platform for vertical,
heading and lateral loading. The disadvantages of this way are
that the vertical load range is small, the heading and lateral
unidirectional loading cannot be carried out, and the loading
fixed balance is complex, and the loading implementation is
difficult. However, the bench calibration overcomes the above
shortcomings, can be one-way, two-way and three-way loading,
and loading implementation is more convenient. Therefore, this
paper adopts bench loading calibration.

The load ground static calibration test was carried out to
obtain the relation between load and strain. The strain gauges
were calibrated jointly with the test equipment to reduce the
system error.
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Figure 5. Load calibration of the front landing gear.

In the test, the landing gear simulated the real connection
mode. The landing gear was fixed on the special fixture, and
the gas in the buffer was replaced by oil. By adjusting the
amount of oil to meet the compression of the buffer in each
state. Three directions were loaded. The Load calibration of
the landing gear can be seen in figure 5. According to the
regression processing of load calibration test data, the
calibration equations of the heading load, the vertical load
and the lateral load of front landing gear were obtained.

In order to verify the accuracy of the load calibration
equation, the static strain gauge was used to measure the
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strain of each channel under the actual load of the landing
gear, and the load equation was substituted to obtain the
calculated value. The accuracy of the equation was verified
by the expected load and the actual load. After verification,
the relative error between the load equation and the actual
load is less than 5%, which meets the requirements [12-16].

3.4. Testing Equipment

The signals of strain gages mounted on the landing gear
were transmitted to the airborne information acquisition
system KAMS500 by connecting the cable. The system
adjusted the output analog signals of the strain gages
mounted on each arm into digital quantity and collected them
into the memory card.

3.5. Test Flight Method

During the flight test, the helicopter takes off and glides
with different center of gravity. The parameters such as time,
altitude of helicopter, attitude angle of landing, sinking speed
of landing, gliding speed, turning radius, turning speed and
moving speed were measured in flight test.

4. Test Results and Analysis
4.1. Test Data Processing Analysis Methods

Flight test data processing methods include data
preprocessing phase and data secondary processing phase.

N. m, displacement of landing gear compression
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Figure 6. Load time course of landing gear:
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a) Data preprocessing

Firstly, determine the validity of flight data. secondly,
select the time period corresponding to the flight state and the
load data corresponding to that time period. Finally, remove
abnormal data through softwares and programs.

b) Data secondary processing stage

According to the task requirements, the load test
parameters in the corresponding time period of the flight test
subject were calculated and analyzed. The dynamic and static
loads are included in the measured load signals, and the
separation of dynamic and static values from the measured
signals is the essential to the fatigue spectrum compilation
and life evaluation of landing gear. According to the
theoretical of landing gear load generation and the
characteristics of the measured load signal, the static load
measurement value was given by time domain average
analysis, and the load cycle statistics was carried out by
non-cyclic counting method. The dynamic load (half
amplitude) measurement value was obtained. The calculation
formulas are as follow [11, 14, 17].
Max-Min

Dynamic = 5

(6)

__ Max+Min

Static = — (7
4.2. Test Results and Analysis

As shown in figure 6, it was the time domain diagram of
landing gear load for helicopter's normal center of gravity
position during the process of landing and then taking off. It
can be clearly seen from the diagram that the waveform was
continuous without clutter interference and jumping point,
and it indicates that the load transmission signal is normal.
From the time domain waveform of the whole helicopter
landing, it can be seen that when the helicopter takes off, the
landing gear load decreases. when the helicopter lands, the
landing gear load increases, which accords with the
theoretical analysis.

5. Conclusion

This paper presents a load test method for landing gear
during take-off and landing of helicopter. In this paper, the
configuration of the left landing gear was analyzed, and it
can be drawn that the load on the landing gear and the
output of the strain bridge are multiple linear regression
relations when the landing gear works in the elastic range.
The measuring principle of strain bridge was studied, and
the whole bridge measurement method was adopted for the
measurement of landing gear, which not only can eliminate
the influence of temperature caused by different adhesive
position, but also can improve the voltage amplitude of
output signal, and increase the sensitivity of output signal
and reduce the interference of signals. The load calibration
test of landing gear was studied, and the original data of
load calibration test were obtained. Then, the calibration
equations of heading load, vertical load and lateral load of

landing gear were obtained by the regression of load
calibration test data. The helicopter took off and slid at
different centers of gravity. The flight parameters such as
height, speed, attitudes were measured during flight test.
Finally, the data processing method was introduced, and the
validity of take-off and landing load data was analyzed. The
results show that the helicopter landing gear load
measurement scheme is feasible, and the data is accurate
and reliable, which can meet the precision requirements.
This method can be applied to load measurement of other
helicopter components.

6. Recommendations for Future Work

This work based on the principle of strain bridge, and the
take-off and landing loads of landing gear were obtained by
sticking strain gauge in dangerous positions of landing gear.
In recent years, fiber has been widely used in strain
measurement because of its advantages of strong signal
interference resistance, convenient installation and high
measurement accuracy [18]. Therefore, it is suggested that
fiber is used to measure the load of landing gear in the future,
and the results can be compared and analyzed.
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