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Abstract

Multicopter-type unmanned aerial vehicles (UAV) are increasingly for cargo transportation to mountainous and
island regions, image information acquisition in disaster areas, and emergency rescue transport. In order to
successfully perform these tasks, the aircraft structure must be able to safely support the loads induced by flight
conditions while ensuring the vibration and aeroelastic stability of the prop-rotor. This study introduced a structural
analysis model of a 40kg payload multicopter with an engine-generator hybrid power system. The deformation and
stress distribution are investigated depending on the load conditions. In addition, the vibration characteristics and
aeroelastic stability of the prop-rotor were also presented to flight speed and aircraft pitch angle. The maximum
thrust generated by the prop-rotor and the landing load applied to the multicopter under normal and emergency
landing conditions were reviewed., It confirmed that the structure could support without failure. In addition, it
confirmed that the damping characteristics of each primary locate in the constant region according to the aircraft’s
flight speed and the prop-rotors rotating speed.
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Fig. 1 Configuration of unmanned cargo
multicopter

Table 1 Airframe components and applied materials

Component Material
skin
Main frame fwd/center/rear USN150A
bulkhead
motor arm T300-3000-40B
Motor arm motor mount WSN3KY
folding arm hinge AL7075
. skid USN150A
Landing strut WSN3KY
gear
attach plate AL7075

Table 2 Material properties of carbon composites

Properties | WSN3KY[2] | T300-3000[3] | USNIS0A[4]
E,, (GPa) 59.6 125.0 131.0
E,, (GPa) 59.6 8.07 10.8
G, (GPa) 3.59 3.97 5.65

Vyy 0.0580 0315 0.28
p (kgmm’) | 1.67E-06 | 1.77E-06 | 1.54E-06
Thick. (mm) 0.226 0.175 0.154
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b) Displacement field
Fig. 3 Structural analysis results, airframe
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Fig. 4 Frequency response analysis results,
airframe
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Table 3 Natural frequency and mode shape, airframe
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b) Displacement field
Fig. 5 Structural analysis results, landing-gear
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Table 4 Ground reaction factor, landing-gear
Symbol Parameter

UR Strut efficiency, 0.55
S Vertical stroke, 65mm
174 Vertical speed, 1.0m/s
L/w Life ratio, 3/3 (emergency landing)
N Ground reaction factor

Table 5 Structural analysis results, landing-gear

Vertical disp. (mm) Diff.
Direction .

Linear Nonlinear (%)
Lateral 54.9 85.3 55
Vertical 36.2 69.6 92
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a) Flap/lag bending stiffness

b) Sectional mass
Fig. 6 Sectional stiffness and mass measurement
of prop blade
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