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Abstract

With increasing interest in aviation leisure sports, the demand for ultralight aircraft has increased, highlighting the
necessity for robust structural design of the aircraft. In response, this study conducted static structural analysis and free-
fall analysis of fuselage frame of ultralight aircraft. Robust design and crashworthiness under operational load conditions
and vertical impact scenarios were evaluated by assessing maximum stress and safety factors. Analyses were performed
using finite element method-based software ANSYS Workbench. Results including stress distribution and strain were
analyzed to verify the safety of the designed fuselage frame. Additionally, this study predicted excessive deformation and
failure locations of the fuselage frame during vertical drop impacts.
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Fig. 1 Configuration of Ultralight Aircraft Frame
Fuselage and component part

Table 2 Pipe Dimensions of Frame Part

Frame Part Diameter | Thickness| Weight
(mm) (mm) (kg)
Frame Neck 60 4 0.253
Frame Leg 60 4 10.486
Bottom Frame 80 8 13.842
Upper Reinforcement 28 4 1.785
Lower Reinforcement 28 4 1.816
Total 28.182

Table 3 Material Properties used for Static Analysis [11

Young’s . , Yield
Poisson’s
Modulus Rati Strength
(GPa) atio | (\pa)

Al 6061-T6| 68.9 0.33 280 2700

Density

Material (kg/m?)
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Fig. 2 Static Analysis model of Ultralight Aircraft
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A : Surface Force
B : Earth Gravity

C : Fixed Support

&

Fig. 4 (a). Stress concentration points
(b) Application of Refinement mesh For Stress
concentration points
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Table 4 Maximum Von-Mises Stress & Strain Under the
Static Load

7] o]t

Maximum Maximum
Force .

(KN) Stress Strain
(MPa) (mm/mm)
-1.0 31.189 0.00043957
Weight -1.2 31.467 0.00044349
of -1.4 31.746 0.00044741
Rotor -1.6 32.024 0.00045133
System -1.8 32.303 0.00045527
-2.0 32.583 0.00045920
5.0 39.436 0.00055558
Lift 6.0 44.141 0.00062187
of 7.0 48.847 0.00068816
Rotor 8.0 53.553 0.00075446
System 9.0 58.260 0.00082076
10.0 62.966 0.00088707

12587 Max
982

a7z
18102
(e
Y
7.2407

36304
00011151 Min

Fig. 5 Von-Mises Stress Distribution Under the 2,000 N
Compressible Load
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Fig. 6 Von-Mises Stress Distribution Under the 10,000 N
Tensile Load
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Al4=(Shear Modulus, 6)& 22t Eq. 23 Eq. 3 53

A= & 24 W8 E(Effective plastic strain, &),
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(Compression)< 9U|3taL, Gy Yoo 22t 715 AH)
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Shock el 437 245 $948 o ¥
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Eq. 65 AR&alA ZAksE & 4 gl &2 sl A A}
83} Steinberg Guinan Strength 93} Shock Z41E)
Are] AsdrES 7IEY dEzl s A
) Table 51 A& tArt[13].

o

velocity,

Y
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Table 5 Material Properties used for the Drop Analysis

Shock E.O.S
Density p 2,700 kg /m3
Gruneisen coefficient y 1.97
Parameter C; 5240 m/s
Parameter S; 1.4
Steinberg Guinan strength model
Initial shear modulus G, 27600 M Pa
Initial yield stress Y, 290 M Pa
Maximum yield stress Y, qx 680 M Pa
Hardening constant B 125
Hardening exponent n 0.1
Derivative Gp (= Z—i) 1.8
Derivative Gy (: Z—?) -17 M Pa/K
Derivative ¥; (=20) 0.018908
Melting Temperature Ty, 1220 K
Reference Temperature T, 300 K

Rotor System

Frame Fuselage (30 Kg)

Free Drop (-y)

Earth Gravity

Rigid Ground Plane (9.8066 m/s2)

(Fixed Support)

\

Fig. 7 Free Drop Analysis Conditions (yz plane)
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