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A Study on Structural Integrity Improvement of Cargo Drone through
FE Simulation and Topology Optimization
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This study deals with the structural integrity of a co-axial octocopter cargo drone. Most unstable states in progress of
various flight missions of the cargo drone are considered to be derived from take-off and landing operations. In order to
evaluate the structural integrity of these states, three-dimensional FE (finite element) simulation using whole frame
assembled with structural members and components is performed, and then the effective stress level and deflection degree
are investigated. Also, topology optimization is adopted to improve the locally concentrated stress and large deflection
around front and rear sections of the motor-support side member. From topology optimization, it is ensured that the shape
and location of plate support have to be modified for improving the stress level and the deflection degree. Based on the
optimized and modified feature, FE simulation is re-performed. Consequently, it is confirmed that the effective stress and
the deflection are reduced to about 26.67% and 19.15% around the side member, respectively.
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A Whole Feature

A Frame Assembly

Fig. 1 Whole feature and frame structure of co-axial octo-copter cargo drone
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Fig. 2 Three-dimensional configurations and structures in frame
body assembly of small cargo drone
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Table 1 Components and materials used in small cargo drone

Materials Components  Element type No. of Elements
Arm 8-node 123,519
CFRP Plate brick element 917,755
(WSN-3KY) Skid 19,354
- 4-node
Skid leg shell element 719’200
Silicon Skid cap 2,964
PLA Plate support 852,912
Motor fixture 45,539
Am fixture | ciranedral 114,594
AA6061-T6 ——————  element "
Plate fixture 76,673
Payload fixture 53,573
Table 2 Mechanical properties of materials applied
Materials p E v oy oy
PLA 1.24 4.1 0.30 70.0 73.0
Silicon 2.33 0.031 0.50 72.5 82.6
AA6061-T6  2.70 68.9 0.33 503.0 572.0
P [g/em’®]  : Density
E [GPa] : Young’s Modulus
Note v : Poisson’s Ratio
oy [MPa]  : Yield Strength
oy [MPa]  : Ultimate Strength

Table 3 Mechanical properties of CFRP (WSN-3KY) used in small
cargo drone

P E v oy oy
E]] = E22: 56.4
V2= 0.062
E33 =9.6
1.20 - 856.0
G13 = G23 =40
V3= V3= 0.20
G12: 3.6
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Fig. 3 Application examples of MPC beam constraints with respect
to various loading conditions

Table 4 Classification of critical unstable situations and FE models

Critical situation FE model Type
Main frame
Max. thrust - .
Side member Structural analysis
Landing Landing skid
Resonance Whole structure Modal analysis
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Fig. 4 Result of static structural analysis for main frame structure
under maximum thrust condition
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Fig. 5 Result of static structural analysis for side member structure
under maximum thrust condition
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¥ Initial Mesh Structure ¥ Modified Mesh Structure
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(Avg: 75%) 113.63 MPa (Avg: 75%)
68.752 113.630
63.031 104.165
57.310 94.700
51.589 85.235
45.868 75.771
40.147 66.306
34.426 56.841
28.705 47.376
22.984 37.912
17.263 28.447
11.542 18.982
5.821 517
0.100 0.053
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Fig. 6 Result of FE re-analysis on stress singularity (unit: MPa)
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Fig. 8 Result of crash analysis for landing skid assembly
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Fig. 11 Excessive deflection at end section of side member plate
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Fig. 13 Topology optimization result for side member plate
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Fig. 15 Static structural analysis result for re-redesigned side
member structure under maximum thrust condition
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