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Abstract- UAVs (Unmanned Ariel Vehicle) are such kind of aircrafts in which the pilot is not onboard for flying. This paper 
deals with the designing and manufacture of an autonomous Unmanned Ariel Vehicle.The drone is designed as an X-shaped 
quadcopter that houses camera with a wireless transmission system that provides live feed from the cameras to the ground 
station. Our approach uses a camera with gimbal to send the live data of the desired location to the ground station.  It also 
intended to be able to carry a payload for future developments. It is propelled by four propellers connected to motors. The 
control is achieved by changing the pitch and/or rotation rate of any of the rotor disc. The UAV is completely autonomous 
with barometers, onboard compass, and GPS which help it in navigation system. In this project, we develop a system that 
enables a quadcopter to localize and navigate autonomously to a desired destination and at the same time can be used for 
surveillance. The designing is carried out using CAD (catia V5) software. The frame of quadcopter is 3-D printed using ABS 
(Acrylonitrile-butadiene-Styrene) and PLA (Polylactic Acid) which are strong, light weight and higher temperature resistant 
material. The specialty of the model is that very less drag will be experienced by it since all the wiring and avionic 
instruments would be packed inside the structure of model. 
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I. INTRODUCTION 
 
Today’s techno savvy generation wants the 
information interchange and communication at the 
parallel speed let it be surveillance, image processing 
and information exchange. For this purpose, UAVs 
have become an impeccable innovation. UAV stands 
for Unmanned Ariel Vehicles and are capable of 
advanced surveillance. Drones are also in use by law 
enforcements and can carry various equipments like 
live feed video cameras having the facility of FPV 
(first pilot view), infra-red cameras, heat sensors etc. 
some versions of high-tech cameras installed over 
UAV  can scan entire cities, river bank, valleys, 
volcanic mountains, pot-holes and other areas where 
human invasion is not possible. The drone can come 
with a night vision camera which can be used in night 
with high precision and threat warning system. It can 
be used as first response system in case of any natural 
disaster. 
The main idea of the project is to perform military 
operations, such as spying (and even air to ground 
combat attacks which will enhance military air force 
power), rescuing  and threat warning systems. The 
project is very useful for surveillance purposes 
especially in places such as universities, public 
places, and by local police patrolling. The drone 
works on an open source platform so it can be 
integrated upon several applications as specified by 
the user. It will be equipped with high performance 
functions such RTL (Return to Launch), Follow me 
mode;Altitude Hold, Point Loiter etc. The drone will 
have its own Fail safe Mechanism so in case of any 
failure such as battery voltage drop or out of range 
flying in these cases it will automatically return to its 
home position. 

II. DESCRIPTION 
 

2.1 Material Used For Frame 
Over the world there are many materials used for 3D 
printing, among them two most commonly used 
plastics are ABS and PLA. These are thermoplastic 
which become soft and can be molded when heated; 
upon cooling they retain a solid shape. This ability 
has made them prevalent in society.ABS:ABS stands 
for Acrylonitrile Butadiene Styrene. It’s an oil based 
plastic. ABS when used makes a strong layer bond. 
The flexibility, strength, machinability and higher 
temperature resistance it offers, makes it suitable to 
be used for 3D printing. The density of this material 
is 1.04 g/cm³. PLA:PLA stands for PolyLactic Acid. 
Unlike ABS, it is a biopolymer, i.e. it is a 
biodegradable plastic. It is most commonly made 
from sugarcane and starch. Since it has high surface 
hardness, materials made from PLA can file, cut, 
painted, joined using adhesives and worked on by 
sand paper. This makes the material apt for 3 D 
printing. The density of this material is 1.23 to 1.25 
g/cm³. 
 

 
Figure: 1 Structural frame of the model. 
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2.2 Battery 
To provide power to the systems, a Li-Po (Lithium 
Polymer)battery is used with the overall voltage 
rating as 11.1 V. This Li- Po battery has a current 
Rating of 5200mAh which is enough to provide 
power to the drone.  
 
2.3 Motors 
We are using the Pancake motors for the project. The 
reason for using this motor is that they are more 
compact than cylindrical conventional motors.They 
are able to achieve fast acceleration and deceleration. 
This is because of their thin design and low moment 
of inertia. Now since they lack an iron made core, 
their peak torque production is also high. 
The construction and design of pancake motors give 
them significant performance and reliability 
advantages when compared to conventional motors. 
These properties make them suitable for good 
performance with greater flying time and enhanced 
payload. 
 
The quadcopter consists of one pair of clockwise 
rotating motors and other pair of counterclockwise 
rotating motors. 
 
We are using an e-max MT3110 480KV Plus Thread 
Motor (CW CCW) for this drone. 
 
2.4 Esc 
It stands for Electronic Speed Controller. The 
controlled information is interpreted by ESC. It 
ensures a smoother and a better precision in variation 
in a more effective manner. ESCs are Pulse Width 
Modulator (PWM) controller of motors. The speed of 
the motor can be controlled depending upon the size 
of pulse width. In this project, we have incorporated a 
30 amps brushless ESC. 
 
2.5 Propellers 
Propellers are the thrust producing components. They 
convert motor’s rotary motion to provide propulsive 
force. It consists of a rotating power driven hub, this 
hub is further attached to several airfoil section blades 
in such a way that when hub rotates, whole of the 
assembly rotates about the longitudinal axis of 
propeller. For quadcopters, uncontrollable pitch 
propellers are used. These have opposite pairs of 
propellers revolving in same direction. For lifting 
more weights, the curvature of propeller blade can be 
increased; but this makes it harder to drive more 
power is required. 
 
To get the desired propellers for the model, we found 
the maximum pull produced by the various 
dimensions of propellers. For this purpose a thrust 
measuring machine was used and hence the 
calculation of maximum pulls of different propellers 
is calculated. These values are recorded in the table 
hence drawn. 

 
We are using the 12 X 4.5 propellers. For our 
quadcopter 4 propellers of such kind are used. 
 
2.6. Microcontroller 
The microcontroller we worked on is DJI NAZA 
series. The NAZA is a platform designed for 
aeromodelling purposes mainly.  It is a multi-rotor 
control platform having very less weight. This is a 
small module having microcontroller, barometric 
altimeter, accelerometer and gyroscope. It has 
optional facility of GPS and Compass module. It is 
driving force to make a quadcopter autonomous. 
 

 
Figure: 2 Maximum pull produced by some dimensions of 

propellers. 
 

 
Figure: 3 Experiment on Thrust measuring device. 

 
2.7 Camera  
Walkera iLook Camera is being used for surveillance 
purpose. It is of HD quality, which provides high 
quality video footage for the user. 
The specifications of the camera are as follows:- 

 Weight: 125grams (approx.) 
 Video Resolution: HD 1280x720P 
 Micro High Speed SD Card: Max 32G 
 Video Format: AVI 
 Photo: 1000000 Pixels 
 5.8 GHz Wireless Image Transmissions 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-6, Jun.-2017 
http://iraj.in 

Design and Development of UAV using 3-D Printing Technique for Survellience in Military Operations and Disaster Conditions 
 
7 

2.8 Gimbal 
This is a device that allows rotation of camera (in this 
case) about a pivoted joint. For this project also 
Gimbal was used to hold the camera and provide it a 
360º rotation. 
 
The gimbal purchased was walkera fpv quadcopter g-
2d brushless gimbal. The gimbal is shown below. 
 

 
Figure: 4 Brushless Gimbal used in model. 

 
III. WORKING PRINCIPLE 
 
A quadcopter works on VTAL approach which 
means vertical takeoff and landing. Rotors and 
propellers produce thrust and torque about Centre of 
rotation. The translational and rotational motion 
including lift, roll and yaw is achieved by changing or 
manipulating the motor thrusts in different 
combinations. The communication link between the 
pilot and UAV is achieved by radio transmitter and 
radio receiver. The radio transmitter used to control 
the copter works on a standard frequency range. 
Basically four channels are required to control but the 
number of channels can be more than 4 also. These 
basic channels are elevator, aileron, throttle and 
rudder. The radio transmitter is tuned accordingly. 
 
The working of drone requires an electric power for 
the functioning of propulsion system. The power is 
developed by high speed DC Brushless motor which 
are integrated with motor driving IC known as 
ESC(Electronic speed Controller).These Esc gets the 
data from an onboard computer(Microcontroller) 
which is embedded with several sensors including 
Gyroscopes (for Balancing), barometers(For 
Altitude), Magnetometers (Compass) and an onboard 
GPS(Global Positioning System).The onboard 
computer can also be codded for self-stabilization of 
high precision camera gimbal so that we get a clear 
and best shot without vibration from the camera. The 
entire setup will be powered with a Lipo battery pack 
of 11.1 volt. 

IV. PROCEDURE 
 
The model of drone was made using Catia V5 
software. The different components were made and 
then assembled using Catia. This is called CAD 
modeling which allows the users to make a computer 
generated structure of their desired model. The 
figures of Catia model are shown below. 
 

 
Figure: 4 Isometric view of CAD model 

 

 
Figure: 5 Top view of CAD model. 

 
This model was sent for 3D printing. It is a process 
used to synthesize a three-dimensional object in 
which successive layers of material are formed under 
computer control to create an object. 
The structures are 3D printed in this way:- 
 

 
Figure: 6 The ongoing process of 3D printing. 
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After printing of different parts, they are assembled 
and joined using adhesives. We used a mixture of 
flour and fevikwik to provide strength while joining 
the parts and assembling them. 
 

 
Figure: 7 Some 3D printed parts. 

 
After the model is made, the avionics and other 
components along with microcontrollers are mounted 
on the frame. The motors are mounted on the arms of 
quadcopter and propellers are fixed over them. These 
motors are connected to board via ESCs. These 
connections should be made properly such that no 
short circuit takes place. Now after installing 
controller board, connections are made with receiver, 
ESCs. The GPS module is also connected to the 
controller board. The battery connections are made 
with proper polarity. The structure has a fixed place 
for placement of the electronic equipments like 
controller board placement; proper slots were made 
for battery fixing, ESC slots are also provided so that 
less vibrations are produced when quadcopter is 
flying in air. The model is made autonomous by using 
software for NAZA microcontroller and 
incorporating the steps required in flight manual. The 
GPS, on board compass, radio telemetry help in its 
navigation and making it autonomous. 
 
CONCLUSION 
 
The final results showed the team made significant 
development towards creating a lightweight 
unmanned aerial vehicle capable of surveillance with 
its implementation of a camera system. Several 
design iterations were completed to create a 
quadrotor best suited for the project goals and the 

final prototype demonstrated potential for success 
with the project goals. We made a successful use of 
the 3D printing technique by focusing on methods to 
design the frame all by ourselves rather than buying 
from markets. Overall, an unmanned aerial vehicle 
was fully realized in this project. The quadrotor had 
the power to fly to a high altitude. Further iterations 
of this project would ensure its future success. This 
project required members not only to interface and 
program the components of the quadcopter, but also 
exposed them to mechanical components and reality 
of project management to accomplish the project 
objectives. 
 
FUTURE SCOPE OF THE WORK 
 
The drone in coming future can be connected to 
multiple of drones and will be able to complete a 
particular task by forming a network of drones.Other 
plans in the future include adding a sonic sensor for 
more accurate altitude determination. Currently the 
only methods to determine altitude are by using the 
barometric pressure sensor and the GPS receiver. 
There is no actual way to safely determine the 
quadcopters altitude relative to its landing surface. A 
sonic sensor could solve this problem, and be used to 
help aid the auto-landing. The drone can be equipped 
with anti-collision sensors using onboard sonar.The 
drone can have a live camera feed system for FPV 
(first Pilot view technology). The flight Time of the 
drones can be increased from 25 min to 1 hour. 
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