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Abstract A programmable drone is a drone developed not only to experience the basic principles of
flight but also to control drones through Arduino-based programming. Due to the nature of the training
drones, the main users are students who are inexperienced in controlling the drones, which often cause
frequent collisions with external objects, resulting in high damage to the drones' frame. In this study,
the structural stability of the drone was evaluated by means of a structural dynamics based collision
simulation for educational drone frame. Collision simulations were performed on three cases according
to the impact angle of 0°, +15° and -15° using an analytical model with approximately 240,000
tetrahedron elements. Using ANSYS LS-DYNA, which provides excellent functions for the simulation of
the dynamic behavior of three-dimensional structures, the stress distribution and strain generated on the
drone upper, the drone lower, and the ring assembly were analyzed when the drones collided against
the wall at a rate of 4 m/s. Safety factors resulting from the equivalent stress and the yield strain were
calculated in the range of 0.72 to 2.64 and 1.72 to 26.67, respectively. To ensure structural stability for
areas where stress exceeds yield strain and ultimate strain according to material properties, the design
reinforcement is presented.
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Fig. 1. Simulation examples using LS-DYNA
(a) Car collision (b) Contact and crash
(c) Drop test (d) Molding
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Fig. 2. Coding training drone El
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Fig. 3. Three parts of E1 drone
(a) Upper part (b) Lower part
(c) Ring assay and internal part
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Fig. 4. Finite element model for E1 drone

Table 1. Material properties for E1 drone

Lower part and
Spec. Upper part ring assembly
Material ABS J-150 PP GP-35
: 17,500 kef/cm® 23,963 kgf/cm®
Elastic modulus (1720 MPa) (2350 MPa)
Poisson’s ratio 0.4 0.35
Density 1.04 g/em’ 1.1205 g/cm’
) 360 kgf/cm? 458 kgf/cm®
Yield stress (35.3 MPa) (44.9 MPa)
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Fig. 5. Three parts of E1 drone
(a) Upper part (b) Lower part
(c) Ring assay and internal part
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Fig. 5. Contact between upper part and lower part of
El drone
(a) Upper part (b) Lower part

Table 2. Yield strain and ultimate strain for

evaluation
. Lower part and
Strain Upper part ring assembly
Yield strain 3.09% 2.40%
Ultimate strain 15.00% 12.00%
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Fig. 8. Equivalent stress of upper, lower and ring
assembly for Casel
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Fig. 9. Effective plastic strain of upper, lower and
ring assembly for Casel
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Fig. 10. Maximum equivalent stress of ring assembly
for casel
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Fig. 12. Equivalent stress of upper, lower and ring
assembly for Case2

Fig. 129} Fig. 132 Z¥2F &8 AR, ok, | 284
9] 57t &8 Exol Ao HYES Yehdth =2 AR
9] FEHAAY Y 571 S 49 MPaZ FEHT
£ 2ot did FH9 o WP E(-10E-3)2 Bl
2 34 Jvelgdtt £3] Fig. 149} o] J2Ro 53



A7 &5hE =R A20¥ A5%, 2019

A FRolA Ao o] LA =2 5k &
EF0IM9 ) 57F 882 50 MPaZ FEJES =
oLk, sig Y] Ao MPE(-3.5E-3)2 Ao |
FEED Bl A yetydth 3§ A9 Hd) 3¢
2 36 MPa2 JEFEg 29314 ghor, sig FH2
o MYES 5E-322 FAHU

BN A e
R T M EE
£\ [N
£ L\ | Y
A, A
: . A V
iLUW

0 1 2 3 4 5

Time (E-03)

Fig. 13. Effective plastic strain of upper, lower and
ring assembly for Case2

Fig. 14. Maximum equivalent stress of upper part for
case2
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Fig. 16. Equivalent stress of upper, lower and ring
assembly for Casel
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