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Abstract Today Unmanned aerial vehicles (UAV)
have found widespread use and may have been using them
to capture various events or take photographs of
operational areas; but the fact is that UAVs or quadcopters,
which are some of these flights, are still at the beginning of
their journey and can be future applications will be more
widely used. Given the geographical situation and the
current situation in the world, the country needs to step up
with the world in order to strengthen the defense forces.
One of the tools that have been used in recent decades to
other tools due to their characteristics and their unique
features, including the absence of human casualties, the
study and more precise missions, and ... are of interest to
many countries, including our country, are unmanned
aerial vehicles. Many researchers have been carried out on
these devices today. In the same way, our researchers in
our country have done a lot of researches on this device in
recent years and tried to make these birds with the least cost
and with the highest efficiency. This paper also attempts to
analyze the flights with the ability to carry the camera. At
first, its components, including wings, body, tail, and
landing gear, are optimally designed and then
aerodynamically and instrumentally analyzed, so that this
research used to build these flights species in the future.
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1. Introduction

UAVs have reached significant attention in recent years
due to their suitability for a broad variety of civil, military,
and societal missions. Development of UAVs using the
properties of multi-rotor UAV is focused [1].

The UAV system is equipped with various intelligent
sensors such as barometer, Inertial Navigation System
(INS), Global Positioning System (GPS), flight control,
navigation control, sonar, and infrared and Electronic
Speed Controller (ESC) [2]. This study attempted to the

development of UAVs for constructed micro UAV [3, 4,
5].

Unmanned aerial vehicles (UAVs) fill a gap between
satellites and aircraft when a stationary monitoring
platform is needed for relatively long-term observation of
an area. UAVs have advanced designs to carry small
payloads and integrated flight control systems, giving them
semiautonomous or fully autonomous flight capabilities
[6].

In recent years rapid advances in the quality, availability,
and range of sensors in commercial unmanned aerial
vehicles (UAVS) have led to their widespread use in the
fields of ecology and conservation [7, 8, 9].

One of the defensive and research tools used today in the
world is unmanned aerial vehicles due to its unique
features, such as: no human casualties, more precise
missions, less overall cost, and more ... more countries in
the world such as our country is also trying to build and
design these aerial vehicles [10, 11, 12, 13, 14].

A further advantage of UAVs that is seldom raised is
that the aerial photography based approach provides a bank
of images from which individual species can be
independently counted, verified and archived for future
analysis or audit. This creates a transparent census
techniqgue  that  increases the  usability and
cost-effectiveness of information gathered if images are
made available to other researchers [15, 16].

Yayla et al. [10] performed theoretical analysis to
investigate the performance characteristics such as
rate-of-climb, turn radius, and maximum velocity of an
amphibious UAV.

Sutheerakul et al (2017) focus on applying UAV to
monitor pedestrian traffic flows and using data collected
from UAVs to manage pedestrian demand and supply.
UAYV is capable of carrying a video camera to record
high-quality images and real-time videos, and a global
positioning system to transmit spatial and temporal data to
the ground. The efforts are made for two thrusts. The
results showed that UAV can be an alternative viable
technology in monitoring pedestrian traffic characteristics
in outdoor pedestrian zones. Data collected from UAV
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technology can be used to develop traffic demand and
supply management plans in a more efficient and
cost-effective way than conventional data collection
techniques [18].

McEvoy et al (2016) assessed the level of disturbance
that a range of UAV shapes and sizes had on free-living,
non-breeding waterfowl surveyed in two sites in eastern
Australia between March and May 2015, as well as the
capability of airborne digital imaging systems to provide
adequate resolution for unambiguous species identification
of these taxa. The results show that with proper planning of
take-off and landing sites, flight paths and careful UAV
model selection, UAVs can provide an excellent tool for
accurately surveying wild waterfowl populations and
provide archival data with fewer logistical issues than
traditional methods such as manned aerial surveys [19].

Al Nuaimi et al (2018) conduct a feasibility study for
developing a potential UAV based persistent surveillance
system with tethered power supply. The majority of the
unmanned aerial vehicles are able to carry optics payloads,
allowing them to take aerial images from strategic
viewpoints. The constrained onboard processing power in
addition to the strict limit in the flying time of UAV are
amongst the serious challenges that have to be overcome to
enable a cost-effective persistent surveillance based on
UAV platforms [20].

Franco et al (2017 introduces a low-cost embedded
system design and implementation for a two-axis camera
platform control used in UAVs. The main goal is to have a
gimbal able to stabilize a camera, with respect to UAV
attitude, using permanent magnet synchronous motors as
actuators. Their design also uses an inertial measurement
unit as a sensor and a proportional-integral-derivative
controller. Simulated and experimental results show that
the developed embedded system was able to successfully
respond to a simulated UAV flight envelope, reacting in
real-time and minimizing those disturbances [21].

Torres-Sanchez et al (2013) describe the technical
specifications and configuration of a UAV used to capture
remote images for early season site-specific weed
management (ESSWM). These results suggest that an
agreement among spectral and spatial resolutions is needed
to optimize the flight mission according to every
agronomical objective as affected by the size of the smaller
object to be discriminated [22].

2. Dynamic Model of UAV

To be able to design a suitable controller for a system,
having sufficient knowledge of the dynamics of the system
is very important. In this section, the dynamical equations
governing the system are presented. The motion equations
in three directions (length, height, and width) are (Fig. 1)
[23].
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Figure 1. Phasor diagram in longitudinal for long flight mode
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Where "u velocity changes in the longitudinal direction

of flight and 'a are angle change in the motion in the flight
path, ® is the pitch angle, 6 is the pitch angle changes

relative to the steady state and therefore 'u = u/U, and

’a=U1 where u is the velocity changes in the
0

longitudinal direction, w is the speed deviation in the
altitude path and U is the longitudinal velocity of the

aircraft in a steady state. Also, other required coefficients
are presented in Tables 1 and 2.

Table 1. The coefficients of a UAV [23]
Coefficient Value
m 6[Kg]
U, 10[m/sec]
g 8.908[m/sec?]
0.3890[m?]
Svertical tait 0.184[m?]
p 2.0147[Kg/m?]
Ly 0.1587[m*]

Le/c 0.415[m]
Table 2. Stable inputs and converters of UAV [23]
Coefficient/ Value Coefficient/ Value

Lye=1 Cyge = —0.87
C, = 1.6578 Cxze =0
Cp = 0.0245 Cyq = —2.87
Cy = —1.8451 Cpa = —0.0457
Czze = —0.89 Cpor = —0.0457
Cgu = —2.2358 Czq = —2.4587
Cyy = —0.1245 Czq = —1.4587
Cyq = 2.2145 Cyo = —1.6458
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Since in this method, the pitch angle changes than 6,
considered, then conversion function 0/8, is (Fig. 2):
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(4)

Also, system coefficients in linear flight mode are shown
in Table 3.

Table 3. The values of UAV coefficients in the longitudinal flight path
[23]

Short flight mode
&pm = 0.1015
Wpm = 1.1245 rad /sec
Tpm = 52.1025 sec

Long flight mode
&sm = 0.451
Wgn = 2.0012 rad/sec
Ten = 1.0352 sec

3. Initial Sample

In a number of previous methaods, variable features that
are sensitive to scale and size are used.

However, in view of the characteristics of UAV which
have wing and front section in accordance with Fig. 3, a
model can be developed based on the characteristics of the
above-mentioned problems to solve the problems in the
previous methods .Many powerful methods, such as the
simulation model, cannot be used in these sensitive
applications because of the high complexity of time .
Before we found the object, we were able to solve this
problem using the technique of analysis of the main
components trained by UAV models.

=2

Figure 3. Different arrangement of the front of the UAV

3.1. Weight Estimation and Sensitivity Analysis

According to the specifications of the UAVs and based
on their application, at the beginning of the design of the

weight of the load (Wpayload) that is 3 kg and the weight
take-off ("WTQO") is considered to be 17 kg. Therefore, for
this UAV, the weight of the fuel (WF) is 2.32 kg and
weight of the empty (WE) 12.5 kg were determined; empty
weight of the UAV was equal to [24]:

Wy = 0.3459 x W25t

Wro = 1759 > W, = 10.89%9 (5)

But by comparing this value, with the empty weight
obtained from the fuel ratio method it was determined that
the initial assume of the take-off weight and the weight of
the load was not suitable. Therefore, using mentioned
method the calculation steps were repeated again, so that
the result was obtained with a percentage difference of 5%
relative to the empty weight [24]:

Wy = 2.20kg, Wy = 9.88kg (6)
Wp = 2.12kg, Wy = 9.87kg )

According to the above results, the takeoff weight of the
UAYV is equal to 16.1 kg. The amount of empty weight (due
to available technologies and construction problems)
should be considered slightly higher than the calculated
value. Therefore, the empty weight of UAV was set at
11.31 kg. According to the following equation, which
indicates the fuel weight of the UAVs in terms of take-off
weight, some of the load weight should be reduced and
added to the calculated fuel weight. So the fuel weight of
UAYV would be 2.61 kg [24].

Wi = 0.2134 x Wii*?
Wro = 16.57%9 > Wy = 2.54%9 (8)

Since the final calculations have added to the empty
weight and fuel weight of the UAV, the load weight should
be reduced to the same extent. As a result, the load weight
of the UAV will be 2kg which is in our design a reasonable
amount.

3.2. The Process of Estimating the Wing Area and
Engine Power

In order to estimate the wing area and maneuver power,
all critical flight phases should be considered and
according to the constraints in each design, phase
performed. For this purpose, the matching diagram method
has been used. According to this method, the critical point
of the design, the location of the intersection of the
outbursts and take-off lines was determined, which
required the maximum engine power and minimum wing
area. So we will have [25]:

W/ =2128N/ ,

P/W =16 W/N C))
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Given the values obtained, and considering the take-off
weight of 16.1 kg, the required wing area and engine power
requirements are as follows [25]

S = 0.6 m?

P = 2504W = 3.2hp (10)

3.3. Engine Configuration

Table 4. The chosen engine has the following specifications

Engine Configuration

Engine type Single piston two stroke
Horsepower 3.7 HP @ 12600 RPM
RPM 2000 to 12600 RPM

Weight-Engine Alone 1.85 Ibs (8979)
2.45 Ibs (1077g)

112.5 mm (4.63")

Weight with muffler

Overall length

Width 46 mm (1.93")
Height 112.5 mm (4.63")
Fuel Type Nitro

Price $ 3000

One of the initial design steps in determining engine is to
select the correct engine from several standard engines
used in similar UAVs. Some of the parameters in this area
are: maximum power required with the maximum required
motive force, maximum of UAV flight, installed engine
weight, specific fuel consumption, operating and
maintenance costs of the engine, engine price, volume of
interrupted noise, change motive force change with
fluctuation conditions (humidity, temperature, density,
height, and speed), and velocity adjustment limited by
examining these parameters, it was found that the Q400M
piston engine- a Canadian company was designed with a
power about 3000 watts, which has a volume is equal to
410 cubic meters and locusts with 0.25 * 0.45 m can be
achieved with good yield and distance of about 848 radians
per second to flow out. The propeller type also has two
blades at a constant speed. The single-cylinder engine of
the UAV has a maximum diameter of about 0.022 meters
and is placed at the end of the body as a propulsion motor.
It also weighs 1.85 kilograms.

3.4. Body Design

The main parts of the body are: locations and loading

compartment of the load and additional loads, location of
the engine (end part of the body), location of equipment for
takeoff and landing, location of electrical and hydraulic
systems (nose section), plates and clamps related to the
body wing, body canvas, engine-body, doors for fixing the
systems and placing the cargo in the body, therefore, in
light of the above conditions, and taking a look at other
UAVs, the various parameters of the body are specified:
the body weight ratio (the ratio of the length of the body to
its largest diameter) as one of the important quantities is
determined by this principle. This ratio usually varies
between 3 and 14, and varies between 5 and 7 in planes.
Therefore, according to the features of the design, the
number of 3.5 has been selected. The maximum diameter
of the UAV, according to the diameter of the engine and
the load, is 0.2 meters, so the body will have a length of
1.06 meters. In the case of UAV widths, also with UAVs
surveys, generally, it is generally known that the maximum
width of UAVs is approximately 0.001 meters smaller than
the maximum UAV height. Therefore, according to the
engine's diameter and appearance of the section, the value
of 0.02 m is chosen as the width of the body. The ratio of
the length of the wing to the length of the body, as well as a
roughly constant value of about 0.61 m, is similar in the
UAV. Therefore, the wings will be equal to 0.65 meters
from the nose.

With regard to the numbers obtained and the strength
expected from the tail in its specific design, the ratio of the
total length of the UAV to the length of the body will be
equal to 1.8. As the length of the body is 1.06 m, the total
length of the body of the UAV from the nose to the tail is
1.9 meter.

3.5. Dimensional Analysis of Tools for Increasing Lift
Force

In this section, coefficients are obtained for UAV in
different flight modes. Here, the coefficient for the
maximum for a uniform flight, as well as for lift force,
which sets the highest lift coefficient for each flight, should
be determined. Statistically, the coefficient fora UAV on a
uniform flight is usually considered to be 1.6. Calculations
also show that this coefficient is a reasonable coefficient
[25].

1
W=E><p><V2><S><C1

V=1412m/s (11)

Because the speed attained above is at the same time
close to the speed of UAV lay-offs, and given that the
uniform flight is at a speed of 22 m/s, so we will not be able
to get close to the usual speed. Secondly, the selected hood
satisfies this feature. It is stated [25]:

wing
Lmax clean

= 1.10r 1.05 /¢

Lmax clean

= 1.05 x 1.7 = 1.65

wing
Lmax clean

(12)
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Notice that Lh/C— in the UAV is above 5, or in other

words is "long coupled”. So, high equity ratio in this

calculation is equal to 1.05. Also, since the wing of this

plane is rectangular and not narrowed, it also does not have
a rollback angle, therefore [25]
Al il i

erl:;/:(ocllean = Cl‘jvni:)‘(gclean = 1.65

According to these calculations, our UAV needs to have

a hood factor of 1.68. By reviewing existing hoods, the

Wortman FX76MIP hood achieves the highest coefficient

for their production of 1.7. So the use of this hood is

(13)

confirmed. The tail-design of the UAV uses a V-shaped tail.

Due to the fact that the engine is located on the back and
the bottom of the aircraft body and is of a type of propeller,
the air flow is flowing with high velocity on the tail section.

Therefore, we will have high aerodynamic pressure (Q).
For this reason, S can be considered less than the tail area.

As a result, the weight of the tail structure is reduced, but
the amount of vibration of the UAV will increase anyway.
In this UAV, the distance between two canvases can be
considered at a distance of 0.4-1.6 m, but due to issues such
as tail size, structural weight, locomotive diameter and its
safe distance, the distance between the two canvases on
each side of the grasshopper was 0.1 meters and finally the
gap between the canvases was 0.7 meters.

The length of canvas from the end of the grasshopper is
also 0.8 meters. The horizontal and vertical tail area is also
an important parameter in design. In different UAVs, the

horizontal tail to the wing level ratio (Sh/S) in the range of

0.12-0.21 m, as well as the vertical tail to wing ratio (S”/S)
in the range from 0.04 to 0.102 m is variable. Therefore,
since the value of S cannot be considered too large, the
number of 0.15 for the horizontal tail and 0.50 for the
vertical tail are taken into account [25].

S?h =0.15- S, = 0.102 m? (14)

2= 0.05->S,=0036m?
S

(15)

Also, since the torque arm of the tail is less than other
UAV, and, on the other hand, the area of the ftail is
somewhat average, therefore, a flap with a width of 0.6m

the wing chord is used.

3.6. Find the Coordinates of the Base of the Mass
Center

The general components of this aircraft are: a body
including shell and structure (ramps and Langdon of the
body, etc.), engine, fuel, avionics systems, automatic
communication systems and pilot, cargo, wing, the tail,
canvas connect tail to wings. In these components, the
empty the weight of the aircraft include: body weight,
structure, etc., engine weight, weight of equipment. The
main thing in estimating the weight of the body is that the

estimates are relatively modest and that the weight of the
structure in the manufacturing process can be weighed less
than the estimated weight.

So the weight saved can be added to the electronic
equipment or the cargo weight of the aircraft. After finding
the location of the center of mass, according to the fuel
consumption, as well as the composition of the aircraft, the
center of mass changes are calculated.

3.7. Landing Gear

The UAV has a tricycle landing gear. The position of the
landing gear is the nose 0.16 m from the tip of the body.
The longitudinal distance of the wheels of the landing gear
is also determined by considering the safety margin of 0.55
meters and the transverse distance of the landing gear 0.7
meters considered. The height of the landing gears is also
estimated at 0.25 meters.

3.8. Sustainability

The purpose of this section is to examine the
longitudinal stability as well as the transverse aspect of the
intrusion of the UAV. This section has a significant role in
measuring and verifying the data in the previous steps.
Because the UAV does not have inherent stability, all or
parts of the design in the previous steps should be corrected.
An examination of inherent longitudinal stability for
inherent longitudinal stability must be [25]:

XacA/C - XCQ% 2 0.1 (16)

So
Xacajc = X ja=4.05-36=0.56>0.1

[

(17)

The above value, although it is large, but meets the needs
of the UAV to provide inherent sustainability, indicating
that the UAV has a very high ratio for wing, as well as wing
sections, and a fairly large horizontal tail with a remarkable
distance from the center of the mass, it has very low
maneuver power and is very stable. To reduce this stability,
it is possible to near the tail to the body, reduce its area, or
reduce the aspect ratio of the wing. But overall, the amount
obtained is an acceptable amount.

Inherent transverse stability analysis of this section
involves examining the changes C, in the UAV in terms
of lateral angle changes [25].

CnﬁA/C = Cnﬁp + CnBW + Cnﬁvr

Cngajc = —0.079 + 0+ 0.112 = 0.054  (18)

It can be seen that the UAV has inherent stability along
the transverse side. But usually, in assessing the stability of
UAVs, the ability of the UAV moving the vertical rudder to
control it when the engine is lost is also measured. Due to
the single engine of the above-mentioned UAV and the
lack of a passenger, the necessity of this will be eliminated.



92 Design and Analysis of an Unmanned Aerial Vehicle Capable of Carrying the Camera

3.9. Fuel System Design

In the first step, the design of the UAV's fuel system, due
to the wing low thickness and the amount of fuel required,
is placed in the fuel tank in the center of the UAV gravity
center (Leenter Tank = 0.72m). The fuel tank is located in
the center of gravity since decreasing fuel does not change
under conditions of airplane equilibrium.

Since the fuel tank location has been determined. In the
second step, the size and volume of the tank should be
calculated. Therefore, the volume and dimensions of the
fuel tank are [25]:

mf = Bpax X PS-f- Cnax = mf =5 X 10-*ka/s

f = 1.5 X mf = Mfipg, = 7.65 X 10-4ka/s (19)
Due to the fuel used in UAVs with a density of
aboutppye = 700%9/m* 5o the volume of the tank is [25]:

Wiyet _ 2.55
pfuel 600
Veank = 0.01245m3 (20)

Therefore, if the cylinder tank is considered, the
following numbers are obtained [25]

Tank Diameter = 0.15™
Tank Length = 0.18™ (21)

Since the fuel tank is close to the UAV engine, a small
pump is also used to reduce the weight of the UAV. Also,
due to the ease of installation, maintenance, and
maintenance of the UAV as much as possible, the velocity
on top of the body is fitted with the dimensions of the tank,
so that the tank can be pulled out of the body and poured
fuel into it. For this purpose, two valves should be built on
the tank and fuel holder must be provided for separating the
tank from the fuel lines. Also for tank fueling, without its
displacement, the two valves mounted above the tank are
removed from the surface of the structure due to the
structural frames and are properly insulated.

Vrank =

3.10. Structural Tips

Given that the UAV is designed to be identified, the
UAYV will carry out limited maneuvers. By analyzing the
usual maneuvers and taking into account standards such as
the fastest turnaround and the lowest radius of turnaround,
distance, maneuver speed, and load analysis, the maximum
load factor of 1.5 is selected to design the structure;
therefore, structural analysis in order to make optimal
design based on it.

In this UAV, the wing is made up of an interior section
between the tail and the two outer parts connected to the
interior. The overall structure of the wing is a foam core
reinforced with a long spar being coated by the shell.

Due to the fact that a large portion of the wing has a flap,
in order to strengthen the structure and counteract the

torque created by the flap, a spar is also considered for the
flap, which connects to the main wing. To strengthen the
parts of the wings, which are affected by maximum stresses,
as well as the reduction of the bow of the wing from the ribs
in the desired locations, including the location of the
canvas to the wings and the location of the wing to the body,
as well as the sides of the flaps located.

What's so obvious is the usual form of body design to use
frames that are connected by Longrun and are responsible
for bearing the transverse and longitudinal loads applied to
the body. In particular, the location of the motor connected
to the body, which results in tiredness and ultimately
failure of the structure, is due to vibrations.

It should also be noted that the largest structural
investment in a UAV designed according to its shape
should be made at the junction of the wing to the body
where the landing gear and the place of application of all
loads applied through the wing and tail and the place of
transfer of this loading to another frame of body.

Also, given that the UAV is connected with two flat
plates, an aluminum plate, composite materials or
honeycomb instruments can be used to provide strength.
However, the design of the canvas is less complicated, and
the only remarkable thing about its design is the ability to
withstand tensions and local considerations for conducting
connection wires to the receiver. The above is also true of
the connecting wings to the body.

To find a direction for UAV, we use a linear search
method in the pixels of the background, which can be a
time consuming and an obstacle to executing the program
at runtime. Therefore, to increase the system performance
and fix this problem, we will run a preprocessing stage and
network image, so that in each section it is not possible to
place more than one UAV. So in this way, if we find a
UAV in a cell, we will no longer need to search for another
UAYV in that cell. In addition, the UAV can be easily
tracked according to the previous frame.

3.11. Camera and Antenna Location

Because the purpose of the mission is on the ground, the
camera is installed below the wing for a better view of the
mission area. Two antennas, one above, for connection to
the GPS system and one down for the Data Link installed.
One is located above the body for easy installation and
installation of systems inside the aircraft. The wings have
the ability to detach from the body to facilitate transport
and can be used as a gateway for installing systems that can
be less accessible.

In the first step, accurate mapping of the camera can be
accurately mapped to the plane. Since our goal is to use the
system in the external environment, we have to choose a
calibration method that is easy to execute and repeat
without requiring special tools. In this method, in less than
one minute, it is possible to map the fixed camera to the
real position of that point in space by selecting only three
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points of the coordinate image of each point.

Also, using this method, you can display the areas under
the care of multiple fixed cameras with a portable camera
with an appropriate magnification. In Fig. 4, a
demonstration of the position of the object and parameters
related to its position is shown to the camera. Based on
these parameters, we map the position of the object in the
image to the required angles for moving the camera with
high magnitude and horizontal-vertical orientation.

L

A

o e

1

)

Figure 4. Related parameters of the camera, with the ability to zoom on
a specific object

4. Results

In this paper, the design of the UAV was described in the
light of the technology available in the country, and by
comparing the results of the design with similar foreign
samples and by designing a test sample, the design
accuracy was somewhat determined. A summary of the
design data is presented in Table 5.

Table 5. Designed quantities
Total weight 15.8
Empty weight 12.14
Useful load weight 2.01
Fuel weight 2.50
Body length 1.15
Body diameter 0.2
Flap type Simple
Flap span 3.6
Flap chord 0.05
Maximum deformation angle 60°
Location of flap Trailing edge
Aspect ratio 16.3
Wing area 0.5
Wing span 3.6
Wing chord 0.5
Wing rollback angle 0°
Wings diledral angle 0°
Installation angle of wing to body 3°
Wing torsion angle 0°
Distance of the landing gear of nose from tip 0.15
Distance of the terminal landing gear of the tip 0.45
Transverse distance of back landing gear from
each other 06
Height of landing gears 0.22

4.1. Analysis of Designed Structure in ABAQUS
Software

This analysis was carried out statically and after entering
the data about the wings and making the analysis model,
the outcomes were extracted. The results of the shell failure
analysis designed by the software and using the failure
analysis are shown in Fig. 5. As shown in Fig. 5, all values
obtained in the fracture analysis are acceptable and, as a
result, the shell is designed to withstand the slip strength
due to the pressure load due to the lift force.
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Figure 5. Analysis of failure direction for wing shell

Figure 6. Preparing the model in the ABAQUS software

In Fig. 6, the model presented in the software is
displayed. The preparation of a precise model in the
software is one of the most important stages in the analysis
process, and the final results of the analysis are highly
dependent on the accuracy of the operation at this step.
According to the results of the analysis for the entire
structure of the wing and the stated explanation need to

strengthen the wing structure in the shells and in the area of
the shell to the front and back spar After strengthening of
the mentioned sites based on the repetition of the
calculations performed on the wings shell, without any
other changes in the software sections, force analysis on the
structure was performed and the results of the failure study
are presented in Fig. 7.
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TSAIH
SNEG, (fraction = -1.0), Layer = 1
{Avg: T5%)

- +1.790e+00
=N +1.641e+00
- +1.492e+00
+1.343e+00
+1.194e+00

Figure 7.

The results show that with the reinforcement of the
wings shell, failure in this section is not observed, however,
spar itself was more stressed in very small areas than
previous analyzes, and it was observed at the point of
attachment of the spar to the layers of failure shell which,
due to the proximity of the number of the analysis to the
acceptable value in the fracture analysis, ignores it. In a
general summary of analyzes and results, the strength of
the wing structure versus the forces was confirmed.

5. Conclusions

In this study, we design and analysis UAV used for
shooting and filming. Let us again mentioned the most
important achievements and innovations in this study.
According to the aerodynamic analysis, the loads can be
determined for structural analysis, and accordingly based
on the required structure of the UAV designed or reviewed.
In this way, the tail torque also greatly reduces the need for
the angle to neutralize the torque. The engine is designed to
balance the torque and thus increase propulsion efficiency
and reduce fuel consumption. The results show that the
analysis has the appropriate accuracy and, on the other
hand, the analysis of the level of failure of the layers in the
software indicates the strength of the layers and the layout
against the load on the wings in the most critical flight
conditions. On the other hand, in areas of the designed
wing structure, there was a need for reinforcement to be
strengthened, which, according to the analysis carried out

Lower spar wing in analysis of failure after reinforcement and increasing shell strength

in these areas, was identified and the necessary
amendments were applied. As a result, it can be said that
the designed structure needs to be optimized and it can be
deduced from the results of the analysis in regions where
lower stresses are introduced into the structure, reducing
the size of the layers and adding to more sensitive areas
such as the root of the wings. On the other hand, in
designing aerial structures, one of the most important
factors is the weight loss of the structure. In this research,
this is the designer's desired criterion, but it is necessary to
consider the more coherent weight loss in optimizing the
structure.
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