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Abstract. The FEM analysis in SolidWorks Simulation will present the study of drop tests evaluating the effect
of the impact of a part or an assembly with a rigid or flexible planar surface. The program calculates impact and
gravity loads automatically. No other loads or restraints are allowed. The program solves a dynamic problem as a
function of time. The general equation of motion is: FI(t) + FD(t) + FE(t) = R(t), where FI(t) are the inertia forces,
FD(t) are the damping forces, and FE(t) are the elastic forces. All of these forces are time-dependent. Increased
requirements for reliability and safety, included in contemporary standards and norms, have a high impact over
new product development. New numerical techniques based on virtual prototyping technology facilitate improving
the product development cycle, resulting in reduced time-money spent for this stage, as well as increased
knowledge about certain failure mechanisms. The so-called “drop test” has become nearly a “must” step in the
development of any human operated product. This study aims to demonstrate the dynamic behaviour assessment
of a structure under impact loads, based on virtual prototyping using a typical nonlinear analysis — explicit
dynamics. Different height and drop orientations were analyzed and critical load cases and design weaknesses
have been found. Design modifications have been proposed, based on detailed analyses results review.
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Introduction

The use of unmanned aerial vehicles (UAVS) in a wide variety of fields allows successful performance
of various tasks. UAVs allow their use in completely new fields. This equipment has become increasingly
popular for various applications [1]. Due to the ability to equip the UAV with multiple transmitters,
sensors, photography equipment, herbicide spraying boom and various mechanisms for performing tasks,
UAVs can be used in a wide range of applications. Success stories have been reported in areas, such as air
reconnaissance [2], forest fire detection and extinguishing [3; 4], target observation [5], traffic monitoring
and management [6], safety monitoring in constructions [7; 8], photogrammetry and three-dimensional
mapping [9], determining the vegetation status of crops [10].

The finite element method is very common in design, because it allows simulation of processes [11-
14], stress distribution in the structure [15; 16], assemblies, subassemblies or equipment [17], which are
then verified by simulated and accelerated tests [18] to be validated in real conditions. Drop test studies
evaluate the effect of the impact of a part or an assembly with a rigid or flexible planar surface. Dropping
an object on the floor is a typical application, hence the name. The program calculates impact and gravity
loads automatically. No other loads or restraints are allowed. Drop tests have been studied, but in other
areas, not in the analysis of the framework of a UAV. Drop tests are for studying falling of different
fruits and vegetables [19; 20], for different objects like test boards, pen drive, air conditioner, cartridge
and dishwasher [21-25], or other studies of drop tests in the field of aviation, but not UAVs [26; 27].

The Drop Test Setup allows two calculation models:

o the first method is done by entering the height (h), the gravitational acceleration (g) and the
impact plane in the calculation program. It will calculate the impact speed with the formula
v = (2-g-h)*2. The studied body will move in the same direction with gravity as a rigid body
until it meets the rigid plane.

¢ the second method is done by entering the impact speed (v), the gravitational acceleration (g)
and the impact plane, and then the program will determine the impact region based on the speed
direction.

In principle, the system uses the energy conservation theorem (energy is not lost, it is only
transformed), in which:
Ep = m-gh = Ec= (m"?)/I2
where E, — potential energy, J;
m — mass of the body subjected to analysis, kg;
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g — gravitational acceleration, m-s?;

h — height from which the body will fall, m;
E. — kinetic energy, J;

v — body speed on impact, m-s™.

The program solves a dynamic problem as a function of time. The general equation of motion is:
Fi(t) + Fo(t) + Fe(t) = R(t)

where F(t) — inertia forces;
Fp(t) — damping forces;
Fe(t) — elastic forces.

All of these forces are time-dependent. In static analysis this equation is reduced to: Fe(t) = R(t),
since the inertia and damping forces are neglected due to small speeds and accelerations.

Materials and methods

The first stage is to transform and simplify the CAD model (a commercially UAV model AGRAS
T-16, manufactured by DJI, after it was purchased, it was measured, and the frame reconstructed in
Solidwokrs) and transform it into the CAE model (Fig.1) that can be introduced in the simulation. The
most important assembly in a drone is the frame on which it lands, because it is most difficult to replace
and will be the most requested part of the execution of a UAV, because most of the time it will land on
it. The drop test was performed on the UAV depending on different angles of fall, namely, at 0°, 30°,
45° and 90°. Three simulations were performed, from a height of 4 m, which would be the working
height in most situations, because it is a UAV used to apply plant protection products (Fig. 2). For a
more detailed verification of the resistance, three additional analyses were performed from different
heights of 10, 50 and 100 m.

Fig. 2. UAV for application of plant protection products (DJI AGRAS T-16)

After the model has been simplified, the material was chosen, as most of the UAVs are made of
different plastic composites. We chose to simulate the material polybutylene terephthalate (PBT), which
is a semi-crystalline engineering thermoplastic material. It has similar properties and composition to
polyethylene terephthalate (PET). It is a member of polyester family of polymers. Its properties are
presented in Table 1.
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Table 1
Properties of polybutylene terephthalate material
Tensile strength 5.65-10" N-m™
Elastic modulus 1.93-10° N-m2
Poisson’s ratio 0.3902
Mass density 1300 kg-m-®
Shear modulus 6.902:10% N-m™2

To enter the input data, we used the second method, in which we entered the height from which the
assembly falls to check if it calculates the speed correctly using the formula v = (2-g-h)*2.

The data entry was performed at setup by introducing the height of 4 m, the plane on which it will
fall was set, in the first phase the drone falling straight, namely, at an angle of 0°, then at an angle of

300, 45° and 90°, according to Figure 3.
\ \\\
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Fig. 3. Positioning the drone at different angles

After entering the input data, including the maximum time after impact to obtain the results, this
time has been set to 30 microseconds, the CAE mode was discretized. The process starts with the
creation of a geometric model. Then, the program subdivides the model into small pieces of simple
shapes (elements) connected at common points (nodes), the settings being made in the create mesh
command. Finite element analysis programs look at the model as a network of discrete interconnected
elements. Standard solid type mesh was used, with 4.4388 mm element size and with a tolerance of
0.22194 mm, which resulted in a total number of 759075 elements and 143212 nodes. After creating the
mesh, certain nodes were chosen after the first test simulation (Fig.4), where it seemed critical to
measure the von Mises stress for each drop test performed.
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Fig. 4. Positioning nodes selected for display of measurement results

Results and discussion

The measured results were represented by equivalent stress distribution (von Mises Stress),
distribution of the values of the relative resultant displacement field (resultant displacement) and
distribution of total specific deformation field (equivalent strain). These results are presented using
images and diagram charts, shown in Figure 5, only for the first simulation, drop test performed from
4 m with the fall at an angle of 0 °, the rest of the results being presented in Table 2.
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a) VON: von Mises Stress b) URES: Resultant Displacement c) ESTRN: Equivalent Strain
Fig. 5. Representation for drop test at height of 4 m, with the fall angle at 0°

Table 2
Maximum values (Resultant displacement, Equivalent strain) obtained for all simulations

Input data Max. resultant Max. equivalent
0 Angle Speed at impact, m-s* displacement, mm strain

4 Q° 8.85 2.652-101 4.348-10°3

4 30° 8.85 2.688:10 3.611:10°
4

4

60° 8.85 3.185-10" 3.601-10
90° 8.85 2.659-101 3.502:10°
10 0° 14 4.200-101 2.886-10
50 0° 31.32 9.391-10" 1.548:1072
100 0° 44.29 6.215-10° 6.215-10°

Equivalent stress distribution depending on the time appearing in the nodes in Figure 4 are
represented graphically in Figure 6.
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Fig. 6. Equivalent stress distribution as a function of time appearing in the nodes from Fig. 4 for
all simulations performed: a—4 m, 0°, 8.85 m-s*; b —4 m, 30°, 8.85 m-s*; ¢ — 4 m, 60° 8.85 m-s¥;
d—4m,90°8.85m-ste—-10m,0° 14 m-s; f—50m, 0° 31.32 m-s%; g— 100 m, 0°, 44.29 m-s™!
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Figure 6 shows the variation of equivalent stress in time in the nodes presented Figure 4, it can be
seen that the highest equivalent stress occurs in the node 1517 and after that in the node 790, which are
the nodes at the bottom of Figure 4, at the contact surface between the UAV and the ground. Only for
the angle of 90 degrees can be seen an increase of the equivalent stress in the structure at the top, because
direct contact occurs of the top structure with the ground.

Conclusions

1. The resulting displacements in the structure and equivalent strain increase potentially directly with
the fall angle of the UAV, because the contact surface between the UAV and the rigid plane is not
made on both landing bars and due to the change of the centre of gravity of the UAV, but at 90° it
returns to a resulting displacement approximately equal to the value measured at 0°, because the top
comes in contact with the surface.

2. Equivalent stress distribution up to a height of 50 m does not reach the tensile strength of the
material 5.65-10" N-m, the highest value being 4.8-107 N-m2, being so close to the value of
material tensile strength. An analysis was performed at 100 m, where it was observed that the value
recorded in node 1517 exceeds the tensile strength.

3. In conclusion, for a UAV made of PBT, at a fall from a height of more than 50 m, there will be
consequences in the structure, so in the future measures it will be taken to strengthen the structure,
modify the material or reduce the transported weight.
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