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Abstract: This paper studies a flight load test method for helicopter blade, including the structural force of helicopter blade, 

strain gauge bridge modification, load calibration method and the establishment of load calibration equation in the typical 

maneuvers. First, blade structure of the helicopter was analyzed and the strain gauges were pasted in the load profile which were 

considered to be important positions to analysis the flight safe of helicopter. Second, Load calibration equations were obtained 

by ground calibration test, which would be used to convert the strain time curve to the load time curve. The helicopter flighted 

in different maneuvers, such as hovering, horizontal flight and climbing. At the same time, flight parameters were recorded, such 

as helicopter altitude, pitch angle, roll angle and yaw Angle. The flight parameters can be used to analysis the flight conditions. 

Then the blade flight load in different flight maneuvers was analyzed. The result was that the time-domain waveform was neat, 

good periodicity, strong regularity, no hybrid interference and jump point. It was illustrated that the blade load test flight data 

were accurate and reliable, which met the accuracy requirements of Engineering. The blade load data obtained through different 

flight maneuvers can be used to structural modification, fatigue analysis and blade design. 
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1. Introduction 

The rotor blade is the main lift component of the helicopter, 

and it is also one of the main characteristics of the fixed wing. 

The helicopter rotor blade has the special aerodynamic 

environment and structural characteristics, as well as the 

resulting special aerodynamic, structural, and kinetic 

problems. 

While the rotor blade rotates around the rotor axis, it also 

randomly moves together in different directions, and the 

aerodynamic environment is complex. The rotor blade also 

has three basic motion properties: swing motion 

(perpendicular to the rotor rotation surface), lag motion 

(within the rotation surface), and torsional motion around its 

own axis. The blades therefore produce swing, lag, and 

torsional loads during flight. All three loads cause fatigue 

damage at the roots of the blade, affecting the life of the 

blade roots. The study of blade swing load, lag load and 

torsion load has been one of the basic and important topics in 

the development of helicopter theory and technology, but 

also one of the complex and difficult problems [1]. 

Blade load analysis is typical of the analysis of 

aerodynamic and structural coupling. At present, many 

theoretical studies of blade load at home and abroad start 

from the root cause of blade load generation, and through 

repeated iteration between aerodynamic calculation and 

structural deformation calculation. First, a large number of 

aerodynamic is calculated to obtain the blade profile lift 

change and load distribution, and then the structural 

deformation is calculated to obtain the structural deformation 

of the blade under this load, and recalculates the aerodynamic 

power after deformation. This research method, which 

requires a precise aerodynamic model and more known 

conditions. Pneumatic analysis models, both from uniform 

inflow, predetermined wake, and free wake, despite 

increasingly precise loading calculations, have obvious 

deficiencies and limitations [2-8]. 

The helicopter rotor blade load flight test is mainly to use 

the flight test to measure the load of the helicopter rotor 

blade in the horizontal flight, hovering and other flight states. 

This paper studies the structural form of helicopter blade, 

strain gauge bridge modification, load calibration scheme and 

the establishment of load calibration equation in the typical 

flight test, and test data and results can be used for blade 

structural modification and life evaluation. 
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2. Blade Load Analysis 

When the helicopter rotor blades do not rotate, the blades 

are subjected to vertical downward gravity. As the rotor 

rotates, it is also subject to aerodynamic and inertial 

centrifugal forces. As shown in Figure 1, the result of the 

load action is to form swing, lag and torsional bending 

moments in each section of the blade. The aerodynamic 

tension moves up in the opposite direction of gravity, which 

circles the torque formed by the horizontal hinge to swing the 

rotor. The moment formed by the inertial centrifugal force 

relative to the horizontal hinge strives to rotate the blade in 

the rotation plane of the rotor hub. In the hovering or vertical 

flight state, the result of the three torque synthesis keeps the 

rotor blade in the rotor hub rotation plane at an angle, and the 

rotor forms an inverted cone. The typical force of a certain 

type of blade is shown in Figure 1. 

 

Figure 1. Diagram of blade force. 

3. Test Principle and Test Modification of 

Blade 

3.1. Strain Measurement Technology 

(a) Principle of strain 

The strain-resistance effect of the wire can directly 

transform the response variable of the component surface 

into the relative change amount of the resistance, so that the 

strain measurement can be measured by electricity. The strain 

gauge is the sensing element made by this principle. Before 

measuring, paste the strain gauge on the measured part of the 

component with an adhesive. Thus, the strain gauge can be 

deformed together with the measured part of the component. 

When the strain gauge elongates or shortens, the resistance 

changes. The relative resistance change of the strain gauge is 

proportional to its strain. 
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Where, �	�� sensitivity coefficient of the resistance strain 

gauge. 
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∆
 is the relative resistance change of the strain 

gauge. ε  is strain. 

(b) Bridge measurement circuit 

When the strain is measured using the strain gauge, the 

strain gauge acts simply to convert the strain into a change in 

resistance. This change in resistance is usually measured 

using the Wheston Bridge. The strain gauge is used as an arm 

of the bridge. When the resistance value of the strain gauge 

changes, the output voltage of the bridge changes and the 

voltage change value is recorded or indicated for observation. 

A full-bridge measurement circuit is used to convert small 

resistance changes of the strain gauge into a voltage signal, 

while maximizing the value of the strain. The full bridge 

measuring circuit is a resistance strain gauge on four bridge 

arms with a sensitivity coefficient, forming the full bridge. 

The output voltage can be obtained by formula (2). 
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Then, the output strain can be obtained by formula (3) 

[9-11]. 
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3.2. Layout of Measuring Position of Blade Strain Gauge 

Seven key profiles were selected according to the 

theoretical blade stress distribution results, and strain gauges 

were pasted on the upper and lower surface of the blade to 

form a full bridge to measure the swing strain. Single gauge 

was attached to the leading and trailing edges of the upper 

surface of the blade to form a full bridge used to measure the 

lag strain. The upper surface and lower surface of the quarter 

axis of the blade are gauge symmetrically attached along 45 ° 

degrees to form a full bridge to measure torque strain. The 

blade maximum stress area and dangerous stress area were 

affixed with strain gauges. The strain gauge position is 

shown in Figure 2. 

 

Figure 2. Schematic of main blade measurement. 

3.3. Load Calibration Test 

The blade load calibration equation is applied to the strain 

value measured by the helicopter to convert the strain time 

curve to the load time curve. This is the premise of strength 

design, reliability analysis and full-size fatigue test. The 

blade load calibration equation is a linear equation, since the 

blade stress under normal load is within the elastic range. 
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Blades used for the test are used for the helicopter flight 

test. Joint calibration of the strain gauge together with the test 

equipment reduces the system error. During the calibration, 

the blade was first installed on the special calibration table. 

Preloading occurred before each load. The load was loaded in 

5 stages and then unloaded to 0 after reaching the calibration 

load [12, 13]. 

Raw data for the load calibration test were obtained from 

the ground calibration test. Load calibration test data were 

treated with linear fitting to obtain the calibration equations 

for blade swing, lag and torsion. It was shown in Figure 3. 

 

Figure 3. Blade load calibration. 

To verify the accuracy of the blade load calibration 

equation, the strain value of each channel was measured by a 

static strain instrument through the load equation. The 

accuracy of the equation was tested by comparing the real 

values. It was proved that the relative error of test value and 

real value is less than 5%, meeting the requirements of 

engineering accuracy. 

 

Figure 4. Rotor load test equipment. 

3.4. The Test Equipment 

Rotor is a rotating part, and how to recorded strain signal 

without affecting flight safety is the difficulty of blade load 

measurement. The helicopter rotary part strain test equipment 

was designed to install at the top of the rotor hub with the 

rotor hub synchronous rotation. Strain measurement signal 

was recorded through wireless transmission. The helicopter 

simultaneously recorded flight parameters such as flight 

speed, altitude, acceleration and overload through the 

KAM500 device. GPS was used to keep the flying 

participation blade strain test equipment synchronized. 

3.5. Test Flight Method 

During the flight test, the helicopter flight in different 

maneuvers, such as hovering, horizontal flight and climbing. 

Flight parameters were recorded in flight test, such as 

helicopter altitude, pitch angle, roll angle and yaw Angle. 

4. Test Measurement Results and 

Analysis 

4.1. Statistical Calculation 

For the measured load-time curve of each flight state of the 

helicopter, the load separation cycle was adopted to separate 

the load movement and static values. The load separation 

period is determined according to the base frequency period 

of the main load, and can usually be determined by the 

azimuthal signal of the rotor or tail hub. Load dynamic 

values and static values in each separation period were 

shown as follow [14, 15]. 
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Where, beepMax  is the maximum load per cycle. beepMin  

is the minimum load per cycle. 

4.2. Typical Flight Curve 

Figure 5 to Figure 7 shows the horizontal flight state blade 

load time curve of the helicopter at the normal center of 

gravity. It can be seen that the time-domain waveform was 

neat, good periodicity, strong regularity, no hybrid 

interference and jump point. 

 

Figure 5. Blade swing load time curve in horizontal flight maneuver. 
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Figure 6. Blade lag load time curve in horizontal flight maneuver. 

 

Figure 7. Blade torsion load time curve in horizontal flight maneuver. 

5. Conclusion 

This paper presents a flight load test method for helicopter 

blades. It analyzed the force of the helicopter blade structure. 

Then, through the ground calibration test and flight test, the 

blade flight load was obtained. The results showed that the 

helicopter blade load measurement scheme was feasible, 

accurate and reliable, which met the accuracy requirements. 

The blade load data obtained through different flight 

maneuvers can be used to structural modification, fatigue 

analysis. 

6. Future Work 

It is recommendation that the change law of the flight 

maneuvers, such as horizontal flight, climbing and hovering 

can be analyzed through the measured flight data. 
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