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ABSTRACT

In this work, the strength of the spar | beam peoéif the UAV wing structure were analyzed by ushrge point bend
testing. The three point bend testing were condudtg using controlled load cell of Newton NT-502%ies with
maximum capacity of 2000 kg. The spar | beam pwére made from composite material of carbon fiirepreg. The
thickness of the component were about 0.25 mm &nch@. The maximum load of the three point bertohtesf the spar
| beam profile gives value of 11 kN. It was shohat the strength of the spar | beam profile givesdjefficiencies

compared to the weight itself.
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INTRODUCTION

The use and the function of Unmanned Aerial VeBi¢ldAV) recently spread out not only in AeronautiEagineering
but also in Civilian Commercial Industry (Romerale2009). There are several missions that UAV lwaprovided(He,
2019). In military field, the purpose of the UAVeansed to the tactical operations (Hassan, 201@yjng target tracking
(Liao et al, 2020), military surveillance systemag@rani, et al, 2020; Wargo et al, 2014), etc. didy in the military
field, the use of UAV are also growing rapidly iivitan organizations (Austin, 2010) such as foe #ygriculture and smart
farming (Gramatikiset al, 2020; Boursianiset al2@0Zhaoet al, 2014), aerial photography (Evers Eidters, 2018;
Klostermanet al, 2018), natural disasters respangehumanitarian relief aid(Estradaet al, 2019 Wike of UAV can be

in commercial, recreation-al, and scientific field.

One of the most popular materials which is usetAVs structure are composite material (Goyalet@2®,
Beck, etal, 2011). It has one of the good constdmraor the UAV structure. The composite mateiigklf gives an
advantage, i.e. the reduction of the lightweighttio# structures, best possible mechanical progertiarability, good
transparency for communication/sensor frequenciest to manufacture/maintain, etc (Beck etal, 20The use of the
composite material can be reduced more than 20%hefweight of the structure compared by using anivedent

aluminum alloy component (Becketal, 2011).
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The synthesis, spectroscopic characterization amamic mechanical analysis of the UAV manufacturing
materials using composite material are explaine@&ligham (Elfahametal, 2019).It is shown that cosippmaterial
with the carbon fiber densities 100 gives betterpgrties than carbon fiber 200. It gives high sgeranodulus and

low damping.

In this work, the strength of the carbon fiber casie material of the spar | beam profile were yred. By

using the experimental method, i.e. three pointiidenting, the strength of the structure were edrout.
SPAR | BEAM PROFILE

The primary component that generates lift in aplaire is the wing. Wing configuration and shapect#d to the amount
of the lift (Kim and Liou, 2017; Kumaretal, 2018ahhertonetal, 2018). The main parts of the wingcstme consist of

spar and ribs. Most of the loads acting on the veirggsupported by spars (Basriet al, 2019).The shape aremade from
ribs which is have an airfoil shape as shown irurégl. The detail configuration of the wing desage explained briefly

by Marco, et.al. (Marco, etal, 2019).

In this work the spar of the UAV wing structure reaof composite material are being analyzed by utinge
point bent testing. Spar of the wing have an | bpaafile as shown in Figure 2.There are other shegenly | profile but
also there is T, C, rectangular shape (Wang @0419; Mishra et al, 2015; Richards and Suleman7201

The length of | beam profile are 600 mm and theiwéte 30 mm. Meanwhile the height of the profile 20 mm. The
profile have a thickness of 0.5 mm in the middi¢éhefprofile and 2.82 mm both in the top and bottditne profile.

The configuration of the spar | beam structure minaf four part in C shape, i.e. two part in tlop tand the
bottom of profile, and two part in the middle oktprofile. The C shape in the top and in the bottamsist of fiber-
reinforcement layer in +4&5irection. The +4%of layer are showed with shaded area as it caebée in Fig. 4. Meanwhile
the C shape of the part in the middle of the pi®m-fiere using Uni Directional (UD) fiber-reinforcemt layer. The
properties of the fiber are shown in Table 1. Ttleesive used to bond the layers are Araldite AV64D'And hardener are
HV 5309-1. The density of the adhesive are 1.3wgjt/c

The manufacturing process of the composite maseaiegd the important step to produce the compositienals
with a good quality and good properties which isshtbe properties requirement (Adrian et al, 2010}his section the |

beam profile manufacturing process are presented.

Figure 1: llustration of Ribs in Wing Structure (Marcoet al, 2019).

Impact Factor (JCC): 6.8242 NAAS Rating 3.30
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Tabel 1: Material Database (KVE, 2015)
Carbon Fiber | Fiber Mass[gr/m? | Thickness [mm] | s,c [MPa] | s,c[MPa] | E,[GPa] | E,[GPa]
Uni Directional 600 0.58 1308 50 141 12
+ 45 200 0.25 240 240 20.8 20.8
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Figure 2: Dimension of the Spar | Beam Profil.

EXPERIMENT PROCESS

The experimental process of the strength analysis Isbeam profileare performing by using three point bending test
The specimen were placed in two fixed grip of thechine and the load cell placed in the middle ef $hecimen a

shown in Figure 7. The distance of the two fixeigh gre 600 mnThe weight of the spdrbeam profile wer@about 500 gr.

The load applied to the specimen are performedpeyating the controlled load cell and displayednionitor as
shown in Figure 3. The experiment conducted uttd specimen are broken. The digital display of libed cell

measurementused in the experiment are Newtc-502A series. It has a maximum load of 200(

Figure 2: Dimension of the Spar | Beam Profil.
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Figure 3: Display of the Load Cell Measurement.

RESULTS AND DISCUSSIONS

In this work, the manufacturing process of the dgmram profile using composite materials has legucted. There are
several important notes that should be considemethe future work for the manufacturing processthe composite
materials. One of the important notes are the m®oé stacking layers of the fiber reinforcemewets. It should be noted
that there are no air trapped in the layers ofpttadile. In the present work, the trapped air dil esxist even though it is

very small, i.e. shown in the white dot in the ag# of the profile.

The process to bonded together each part of tHéepave also important thing have to be considefidw use of
the adhesive should be as less as possible Hutati to be sure that it is bonded correctly anongly. The excessive
adhesive will contribute to the weight of the piefilt will influence the weight of the profile gl. adding the weight of the

structure.

In this work, the excessive adhesive on the sjm@aim profile gives contribution about 25% additiomaight to
the total weight of the spar | beam profile. Ibscome one of the consideration to the next matwrfag process. On the
other hand, it gives good bonded strength betwleecdamponent profile of the spar | beam profile alsw the stiffness of

the spar | beam profile increase.

The three point bend test were conducted to exahthre strength of the spar | beam profile. Thedhpeint bend
test was chosen because of the critical load ofsfiag | beam profile in the wing structure arehe bending moment

mode.

The result of the load from the experiment pro@ssshown in the display measurement. When theldpsam
profile was broken, the display measurement gieesesvalue of 11,074 N. It can be concluded thansfth of the spar
beam profile was 11.074kN.

CONCLUSIONS

In this work, the manufacturing process of the dgagam profile by using composite materials arwl ttiree point bend
test were conducted. The manufacturing process dame by using hand lay-up method and vacuum bggwiocess. In
the manufacturing process it should be considebedtahe use of the adhesive to bond the compasfehe profile. The

excessive adhesive will contribute to the totalgheiof the profile/structure.

Impact Factor (JCC): 6.8242 NAAS Rating 3.30
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In the three point bend test, it can be seen tiastrength of the spar | beam profile are 11.0M4lkgives a

good value of the strength compared to the weidghhe profile for about 22 N/gr. It can be conclddinat by using

composite material the design of the spar | beaofilprgives an efficient profile, i.e. its strengffive a high values by

using only 500 gr weight of the spar structurethia further work, the analysis of the strengthhef $par structure using

composite materials will be conducted by using ogpar profile, i.e. square profile, double C chelrand using other

method of the manufacturing process.
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