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This paper gives a short summary of the structural analysis and static strength testing results of specific structural parts
of an unmanned aerial vehicle (UAV). The UAV was mostly made of composite materials. The main attention was given
to the structural analysis of the elements of the horizontal and vertical tails of the UAV. The structural analysis (based on
the Finite Element Method) results were compared with the experimental results (displacement and stress state). Good

correlation was achieved.
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Introduction

T is well-known that unmanned aerial vehicles can be
used for both civilian and military purposes. In both
cases, one of the main goals is to get minimal weight. Since
composite materials provide a very good strength-to-weight
ratio, they are often used in aircraft structures [1-5].

Structural analysis and testing of a composite wing for an
ultralight UAV was considered by Sulliwan et. all. [2].
Structural integrity of the some composite parts is checked
by employing the Tsai-Wu failure criterion [3-8].

Fig.1 shows a tactical UAV whose structural elements
were considered in this paper.

Figure 1. Tactical UAV

Static strength testing was performed for proof and
ultimate load conditions. The results presented here will be
given without detailed descriptions of how they were
acquired (both analytical and experimental).

The verification testing of the structural elements was
preformed after the structural analysis and before the serial
production.

Specimens for verification testing must be produced in
accordance with the original part documentation. The features
that do not affect the stress capabilities of the part in question
can be eliminated for the specimens. Other features can be
replaced with constructions that imitate the original part and

are used to adequately introduce loading into the structure.

Despite advances in materials and technologies as well as
in strength analysis methods in modern software, the
importance of experiments is not reduced. This is true for
common materials as well as for new materials and
technologies. When performing a sturctural analysis, we rely
on an abstract mathematical model which represents the best
aproximation of a physical problem. All mathematical
models are idealised by intoducing simplifications in order to
create a model that can be analyzed. Because of these
inherent problems of a structural analysis, testing and
experiments still give most accurate results.
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Structural Analysis of the UAV

The structural analysis results of the UAV tail beam
made of composite materials are shown in this chapter. This
structure is modeled using FEM shell elements in order to
obtain maximal displacements at the connection point of
the horizontal tail. The FE mesh is shown in Fig.3.

t:; .
Figure 2. Finite Element Model of the UAV tail beam

The structural analysis was done using the software
package MSC/NASTRAN [9] with the equivalent modulus
of elasticity E,, = 30000 MPa and the plate thickness ¢ = 1.7
mm. The equivalent modulus of elasticity can be determined
through experiments or an analytical method based on the
mechanical characteristics of each composite ply.

Figure 3. Tail beam displacements (Wp,=84.83 mm), j/=1.0
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Figure 4. Tail beam stresses - Von Mises=242.9 MPa (j=1.0)
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Figure 5. Tail beam displacements (Wpma=93.32 mm), j/=1.1 (55daN)
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Figure 6. Tail beam stresses j=1.1 (55daN), Von Mises=26.69 hbar

During the structural analysis, Von Misses stress
criterion is used for the strength check of the isotropic
materials, and Tsai-Wu failure theory is employed for
composite materials.

Experimental Static Testing

The structural elements of the UAV were tested for
proof and ultimate loading conditions. The deflections were
measured at representative locations.

Fig.7 shows the disposition of global static strength
experiments for UAVs. The deformations and stresses are
measured through the system of strain gages. Special
attention was dedicated to the deformation measurement of
this structure.

Figure 7. Static strength testing of UAVs

The testing for one case load is done in accordance with
the procedure in Fig.16, where the load factor is given on
the diagram ordinate. The first step in all tests is to
introduce a small load into the structure so that it can
"settle" (annulment of gaps between the system elements).
After the settling, the proof load testing is performed for the
load factor of j=1.1 and the stresses and displacements on
the previously determined positions on the structure are
recorded. For a structure to pass the proof load test, it is
necessary that it has no residual stresses or deformations
after load relaxation (no plastic deformations).

The ultimate load test is performed after the proof load
test. The load factor for the ultimate load test is j=1.5. For a
structure to pass the ultimate load test, it is necessary that it
has no failure (plastic deformations are allowed).

If a structure passes both tests, the load factor is raised
until effective failure is reached in order to determine the
margine of safety.

The forces for a simmetrical load case (j=1) are:

- on the horizontal tail
- Rz=962 N downward, andon the vertical tails

- Ry =126 N outward.
Stresses are measured at 14 positions with strain gages -
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rossetes (0°, 45°, 90°), and displacements at 16 positions
with electronic sensors.

The disposition of the stain gages is shown from Fig.8 to
Fig.12, and the displacement senzors are shown from
Fig.13 to Fig.15.
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Figure 16. Vertical displacements on measuring positions 1 and 2
(cleaned)

Fig.16  shows the experimentally determined
displacements for the load factor j=1.1 on measuring
positions 1 and 2 (according to Figures 13 and 14).

Comparison of the Results of the Structural
Analysis with the Experiments

The diagram in Fig.16 shows the deflection results for a
symmetrical load case with the load factor j=1.1. The
maximum value for deflections using the FEM is
Wykr=84.8 mm, while the experimental results give
Weyy=81.9 mm. The maximum values of stresses at
locations R7 and RS, Fig.9, are determined: 44 MPa and 47
MPa by finite elements, and 48 and 52 by the experiment.
A good correlation of the results is achieved between the
structural analysis and the experiment.

Conclusions

This paper shows the results of the structural analysis
and the experimental testing of the static strength of the

tactical UAV composite structure. Complete tests were
performed for proof and ultimate load cases for
symmetrical and nonsymmetrical load cases. For the
comparison of the structural analysis and the experiment,
only the symmetrical load case and the proof load case
were considered in this paper. A good correlation between
the structural analysis and the experimental results was
achieved.
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Strukturalna analiza i eksperimentalno ispitivanje ¢vrstoée strukture
taktiCke bespilotne letelice

U radu je dat kratak prikaz rezultata strukturalne analize i ispitivanja staticke ¢vrstoce pojedinih delova strukture
takticke bespilotne letelice (TBL). Struktura letelice je uradena dominantno od kompozitnih materijala. Primarna paznja
je usmerena na strukturalnu analizu greda/nosaca horizontalnog i vertikalnih repova kod bespilotne letelice. Uporedeni
su rezultati strukturalne analize na bazi KoriS¢enja Metode Konacnih Elemenata (MKE) u pogledu pomeranja i
naponskih stanja za simetrican slucaj optereéenja sa eksperimentalnim rezultatima. Dobijena su dobra slaganja

rezultata proracuna sa eksperimentalnim rezultatima.

Kljucne reci: bespilotna letecica, struktura letekice, kompozitni materijali, staticka ¢vrstoca, strukturna analiza, metoda

konac¢nih elemenata, eksperimentalno ispitivanje
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CTpYKTYpHBIl aHAJIN3 M IKCIIEPUMEHTAIbHBbIE IPOBEPKH MPOYHOCTH
KOHCTPYKIMH TAKTHYECKOTr0 0eCIIUJI0OTHOTO JIETATEJIbHOI0 annapara

B naunoii padore mpeacTaBieH KpaTKuii 0030p pe3y/abTATOB CTPYKTYPHOIO0 AHAJIM3a M HMCHBLITAHMI CTAaTHYeCKOi
NPOYHOCTH  ONpeAeJEHHBIX  YacTeill  CTPYKTYphbl  TAKTHYECKOro  OeCHHJIOTHOIO  JIETATEILHOIO  anmapara
(BJIA).KoHcTpyKuMs ¢aM0J1€Ta BBINOJIHEHA NPEMMYLIECTBEHHO M3 KOMIO3UTHBIX MaTepuajoB. OCHOBHOe BHHMAaHHE
COCPEIOTOYEHO HA CTPYKTYPHOM aHajau3e Jiyd / OaJIKM TOPU3O0HTAJIBHOIO M BEePTHKAILHOro XBocToB BJIA. Mbi
CPABHUJIN Pe3yJIbTAThl CTPYKTYPHOI'O AHAJIN32, OCHOBAHHOIO HA MCIO/Ib30BAHHH MeTOAa KOHEYHbIX 31eMeHToB (MKD)
¢ TOYKH 3peHHs] @epeMellleHHs M CTPECCOBBIX COCTOSIHMI I CHMMETPHYHBIX CIy4aeB HArpy3Kd
IKCHEPHMEHTAJIBHBIMA pe3yJbTaTaMu. Pe3yJbTaTbl NOKa3pbIBalOT XOpolllee COBNAJeHHE pe3yJbTaTOB pacyéra ¢
JKCNEPUMEHTAIBLHBIMHU Pe3yJbTaTaAMH.

Kniouegvie cnosa: OGecMJIOTHBIA JIeTaTeIbHBIN anmapaTt, CTPYKTypa OeCHHJIOTHOIO JIeTaTeJbHOr0 amnmapara,
KOMIIO3MTHHbIE MATepUAJIbl, CTATHYECKAs] POYHOCTb, CTPYKTYPHBIN aHAIN3, aHAJIN3 METO0OM KOHEYHBIX 3J1eMEHTOB,
IKCHEePHMEHTAILHAs MPOBEPKA.

Analyse structurale et I’examen expérimental de la résistance de
structure de I’aéronef tactique sans pilote

Dans ce papier on donne un apercu contenant les résultats de ’analyse structurale et de ’examen de la résistance statique
de certaines parts de la structure de ’aéronef tactique sans pilote. La structure de ’aéronef a été faite principalement en
matériaux composites. L’attention a été prétée a ’analyse structurales des poutres / porteurs des queues verticales et
horizontales chez ’aéronef sans pilote. On a comparé les résultats de cette analyse structurale basée sur I’emploi de la
méthode des éléments finis (MEF) quant au déplacement et aux états de tension pour le cas symétrique de la charge avec
les résultats expérimentaux. On a obtenu un bon accord entre les résultats de computation et les résultats expérimentaux.

Mots clés: aéronef sans pilote, structure d’aéronef, matériaux composites, résistance statique, méthode des éléments finis,
essai expérimental.



