Acceleron Aerospace Journal || AAJ.11.2106-2445
Volume 3, Issue 3, pp (479-486)

Research Paper

E-ISSN- 2583-9942 || DOI: 10.61359/11.2106-2445

Indigenous Multi-Role X-Quadcopter: Design,
Development, Advancements and its Applications

Yaddala Somasekhar*

ORCID: 0009-0004-6389-7713
Dhanalakshmi Srinivasan College of Engineering and Technology, Mahabalipuram, Tamil Nadu

Abstract: The Indigenous Multi-Role X-Quadcopter, represents a significant leap forward in drone
technology, particularly in military applications. This article explores the design, components, assembly, testing,
and troubleshooting of this advanced quadcopter. The primary goal of the Indigenous Multi-Role X-Quadcopter
is to integrate artificial intelligence (Al) for enhanced military capabilities. The quadcopter's design and
components are tailored to meet rigorous standards required for military operations.
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1. Introduction

he Indigenous Multi-Role X-Quadcopter represents a significant advancement in drone technology,
combining cutting-edge components with innovative design principles to deliver a versatile and high-
performing aerial platform. Designed with military applications in mind, this quadcopter integrates advanced
artificial intelligence (Al) to enhance its operational capabilities, making it a formidable tool in various demanding
scenarios. The project, spearheaded by Yaddala Somasekhar, aims to address the need for robust and adaptable
drone solutions that can perform multiple roles with high efficiency and reliability.
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Figure-1 Multi-Role X-Quadcopter [Fully Assembled]
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2. Design Materials and Component Specifications

2.1 Frame

The Indigenous Multi-Role X-Quadcopter utilizes a F450 frame, renowned for its balance of strength and
weight. Constructed from advanced composite materials like glass fiber or carbon fiber, the frame ensures high
durability and resistance to stress while remaining lightweight. The frame's design incorporates a diagonal
wheelbase of approximately 450mm, allowing for a stable flight platform. The arm lengths, around 220mm,
contribute to the drone's agility and maneuverability. The total weight of the frame typically ranges between 300
to 400 grams, striking an optimal balance for flight efficiency.

2.2 Motors

The X-Quadcopter is powered by 1000KV brushless motors, which are essential for providing strong and
reliable thrust. These motors are designed to deliver a maximum current of 10-20A, with each motor featuring a
shaft diameter of 3.17mm. The motor dimensions are approximately 22mm in diameter and 30mm in height,

fitting perfectly within the frame's design to maintain balance and ensure optimal performance. Brushless motors
are chosen for their efficiency, longevity, and minimal maintenance requirements compared to brushed motors.
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Figure-2 Multi-Rolex Quadcopter Components
2.3 Propellers

The drone is equipped with 1045 propellers, measuring 10x4.5 inches (254x114mm). Made from
durable, high-quality plastic or composite materials, these propellers are designed to provide excellent lift and
thrust. The propellers come in pairs, with clockwise and counter-clockwise rotation directions to ensure stable
flight and reduce turbulence. The 4.5-inch pitch of the propellers contributes to the drone's maneuverability and
responsiveness, allowing it to execute precise movements and maintain steady flight.

2.3 Flight Controller

The KK2.1.5 flight controller is at the heart of the X-Quadcopter’s navigation system. Featuring an
Atmega644PA processor, this flight controller integrates an MPU6050 gyroscope and accelerometer to monitor
and stabilize the drone's flight dynamics. The controller is equipped with a 16x2 LCD screen that provides real-
time flight data and allows for easy configuration adjustments. Measuring approximately 50x50mm and weighing
around 20-30 grams, the KK2.1.5 is compact yet powerful, enabling precise control and stability during flight.




Acceleron Aerospace Journal || AAJ.11.2106-2445
Volume 3, Issue 3, pp (479-486)

E-ISSN- 2583-9942

Special Issue on Recent Advances in Drone Technology

2.4 Electronic Speed Controllers (ESCs)

The X-Quadcopter employs 30A Electronic Speed Controllers (ESCs), which manage the power supplied
to the motors. These ESCs have a continuous current rating of 30A and a burst current rating of 40-50A, ensuring
that they can handle the demands of high-performance flying. The ESCs are compatible with 2-4 cell LiPo
batteries, providing flexibility in battery choices. Additionally, each ESC includes a Battery Eliminator Circuit
(BEC) that powers the flight controller and receiver, reducing the need for separate power supplies.

2.5 Battery

Powering the drone is an 11.1V 2200mAh 3S LiPo battery, which offers a combination of capacity and
discharge rate suitable for extended flight times. The battery's dimensions are approximately 100x35x20mm, and
it weighs between 150-200 grams. LiPo batteries are favored for their high energy density and ability to deliver
high discharge rates, which are crucial for the drone's performance and maneuverability.

2.6 Transmitter and Receiver

The FS-CT6B transmitter, paired with the FS-R6B receiver, operates on the 2.4GHz frequency band,
providing reliable communication between the drone and the pilot. The transmitter features six channels, allowing
for precise control of the drone’s various functions. It has a range of up to 1 kilometer, ensuring that the drone
remains controllable over long distances. The system is powered by AA or rechargeable NiMH batteries, offering
flexibility in power options.

2.7 Additional Components

The assembly of the X-Quadcopter includes several additional components necessary for proper
functioning and stability. Power connectors, such as XT60, facilitate secure connections between the battery and
the ESCs. Propeller adapter shafts ensure compatibility between the motors and propellers. Various mounting
hardware, including screws, nuts, and vibration-damping materials, are used to secure components and reduce
interference. Jumper wires and a soldering iron are required for connecting electronic components, while zip ties
are used to organize and secure wiring, preventing tangles and ensuring clean installation.

3. Assembly Process
3.1 Preparation

Workspace and Tools: Begin by setting up a clean, well-organized workspace to avoid losing small
parts and ensure precision during assembly. Gather essential tools such as a screwdriver set, soldering iron, pliers,
and zip ties. Ensure that all components are laid out and checked against the assembly manual or parts list to
confirm that nothing is missing.

3.2 Frame Assembly

Frame Structure: Start by assembling the frame. The F450 frame typically consists of multiple parts,
including the main body and the arms. Attach the arms to the main body using the provided screws and nuts.
Ensure that the arms are securely fastened and positioned correctly to maintain the drone's structural integrity.
Some frames may have additional components such as landing gear or camera mounts, which should be attached
as per the instructions.

3.3 Motor Installation

Mounting Motors: Install the brushless motors onto the frame’s motor mounts. Each motor should be
aligned with its corresponding arm, with the motor shafts facing downward. Secure the motors in place using the
provided screws. It is important to check that each motor is properly aligned and that the mounting screws are
tightened to prevent any movement during flight.
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3.4 Propeller Installation

Propeller Attachment: Attach the propellers to the motors. Each propeller set consists of clockwise
(CW) and counter-clockwise (CCW) propellers, which must be installed on the corresponding motors. The CW
propellers should be mounted on the motors rotating in the clockwise direction, and the CCW propellers on the
motors rotating counter-clockwise. Use the propeller nuts to secure the propellers in place, ensuring they are
tightly fastened to avoid detachment during flight.

3.5 Flight Controller Installation

Mounting and Wiring: Place the KK2.1.5 flight controller onto the designated mount on the frame.
Ensure that the controller is oriented correctly, as indicated in the manual, to align with the drone’s axis of rotation.
Secure the flight controller using the provided mounting hardware. Connect the flight controller to the Electronic
Speed Controllers (ESCs) and the receiver. Proper wiring is crucial; follow the wiring diagram to connect each
ESC to the correct input on the flight controller. Ensure all connections are secure and insulated to prevent short
circuits.

3.6 ESC Installation

Mounting ESCs: Attach each ESC to the frame, typically positioning them along the arms of the drone.
Use zip ties or mounting pads to secure the ESCs in place. Connect the ESCs to the motors and to the flight
controller, ensuring that the correct ESC is connected to each motor. Double-check the connections to confirm
that they are correct and secure.

3.7 Battery Installation

Mounting and Connecting: Mount the LiPo battery onto the frame using the provided battery straps or
mounting tray. Ensure that the battery is securely fastened to avoid movement during flight. Connect the battery
to the power input of the ESCs using the appropriate connectors (usually XT60). Ensure that the battery connectors
are firmly attached and that there is no risk of them disconnecting during operation.

3.8 Transmitter and Receiver Setup

Binding and Calibration: Install the FS-R6B receiver onto the frame, usually near the flight controller
for optimal signal reception. Connect the receiver to the flight controller as per the wiring diagram. Power on the
transmitter (FS-CT6B) and bind it to the receiver according to the manufacturer's instructions. Once bound,
calibrate the transmitter and receiver to ensure proper communication and control. Test the control inputs to verify
that all channels are responding correctly.

3.9 Final Checks and Testing

Pre-flight Inspection: Conduct a thorough pre-flight inspection to ensure that all components are
securely installed and correctly connected. Check for any loose screws, unsecured wires, or potential issues with
the propellers or motors. Perform a static test to ensure that the motors spin correctly and that the flight controller
is properly stabilizing the drone. Verify that the battery is fully charged and the transmitter is functioning correctly.

3.10 Software Configuration

Flight Controller Setup: Configure the flight controller settings using the KK2.1.5's LCD screen.
Access the configuration menu to adjust parameters such as PID settings, flight modes, and sensor calibrations.
Follow the calibration procedures for the accelerometer and gyroscope to ensure accurate flight performance. Save
and apply the settings before proceeding to flight tests.
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3.11 Initial Flight Test

Test Flight: Perform an initial flight test in a safe and open area to evaluate the drone’s performance.
Check for stability, responsiveness, and overall flight characteristics. Make any necessary adjustments to the flight
controller settings based on the test flight results. Gradually test different flight maneuvers and ensure that the
drone operates as expected.

4. Testing Procedures
4.1 Pre-Flight Checks

e Component Inspection: Before initiating any flight tests, conduct a thorough inspection of all
components. Ensure that the frame, motors, propellers, ESCs, battery, flight controller, and receiver are
securely installed and free from any damage. Verify that all connections are firm and that wires are
properly insulated to prevent any short circuits or disconnections during flight.

e Battery Check: Confirm that the LiPo battery is fully charged and in good condition. Check the
battery voltage and ensure that it is within the recommended range for safe operation. Inspect the
battery connectors for any signs of wear or damage and ensure they are properly connected to the
ESCs.

o Software Configuration: Verify that the flight controller is correctly configured. Check the settings on
the KK2.1.5 flight controller using its LCD screen to ensure that all parameters, such as PID settings,
flight modes, and sensor calibrations, are correctly set according to the drone's specifications. Re-
calibrate the accelerometer and gyroscope if necessary.

4.2 Static Testing

o Motor Test: Perform a static motor test to verify that each motor spins correctly and responds to
throttle inputs. Power on the drone and gradually increase the throttle while observing the motor
rotations. Ensure that each motor operates smoothly and that the propellers are securely attached.
Listen for any unusual noises that may indicate issues with the motors or propellers.

e Control Check: Test the transmitter and receiver to ensure that all control inputs are functioning
correctly. Verify that each control stick on the transmitter corresponds to the correct response on the
drone. Check that the yaw, pitch, roll, and throttle inputs are properly calibrated and that the drone
responds accurately to commands.

4.3 Indoor Flight Testing

o Initial Test Flight: Conduct an initial test flight in a controlled indoor environment, such as a large
gymnasium or a dedicated drone testing area. Start with low throttle and basic maneuvers to assess the
drone’s stability and responsiveness. Observe the drone’s behavior during takeoff, hover, and landing.
Make note of any issues or irregularities in flight performance.

e Flight Mode Testing: Test different flight modes available on the KK2.1.5 flight controller. Switch
between modes such as Stabilize, Acro, and Horizon to assess how the drone responds in each mode.
Evaluate the effectiveness of the flight controller’s stabilization and ensure that the drone transitions
smoothly between different flight modes.

4.4 Outdoor Flight Testing

e Environmental Considerations: Move to an open outdoor area with minimal obstacles for further
testing. Ensure that weather conditions are suitable for flying, with no strong winds or rain. Conduct
pre-flight checks to confirm that all systems are functioning properly before proceeding.

e Flight Performance Evaluation: Perform a series of test flights to evaluate the drone’s performance
in various conditions. Test the drone’s maneuverability, stability, and responsiveness in different flight
patterns, including hovering, forward flight, and turns. Assess the drone’s ability to maintain stable
flight and respond accurately to control inputs.
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e Battery Performance: Monitor the battery performance during flight tests. Keep track of battery
voltage levels and flight duration to ensure that the battery is providing adequate power and that there
are no issues with battery performance or power consumption.

4.5 Advanced Testing

o Payload Testing: If the drone is designed to carry additional payloads, conduct tests with various
payloads to assess the drone’s performance under different weight conditions. Evaluate how additional
weight affects the drone’s stability, flight time, and overall performance. Ensure that the drone can
handle the payloads without compromising flight safety.

e Sensor Calibration: Test and calibrate any additional sensors or equipment installed on the drone,
such as GPS modules, cameras, or environmental sensors. Verify that the sensors are functioning
correctly and providing accurate data. Check for any interference or issues that may affect sensor
performance.

e Autonomous Flight Testing: If the drone is equipped with autonomous flight capabilities, test its
performance in executing pre-programmed flight paths or missions. Assess the accuracy of the drone’s
navigation and autonomous functions. Verify that the drone can follow waypoints, perform automated
maneuvers, and return to the home position as intended.

4.6 Post-Flight Analysis

e Data Review: Review flight data and any recorded telemetry to analyze the drone’s performance.
Examine flight logs for any anomalies or issues that may have occurred during testing. Assess the
overall stability, control responsiveness, and battery performance based on the collected data.

o Issue Resolution: Address any issues or concerns identified during testing. Make necessary
adjustments to the flight controller settings, hardware components, or firmware updates as required.
Repeat testing procedures to confirm that issues have been resolved and that the drone meets
performance expectations.

4.7 Documentation and Reporting

o Test Reports: Document the results of all test flights, including observations, performance metrics,
and any issues encountered. Prepare detailed reports on the drone’s performance, highlighting any
areas for improvement or modifications. Include recommendations for further testing or adjustments
based on the findings.

e Feedback Integration: Incorporate feedback from test flights into the design and assembly process.
Use the insights gained from testing to refine the drone’s design, improve performance, and address
any identified issues. Update the testing procedures as necessary to enhance the overall reliability and
functionality of the drone.

5. Issues and Solutions

The Indigenous Multi-Role X-Quadcopter, while designed with high precision, can encounter various
issues during its operation. One common problem is motor malfunction, which can manifest as irregular motor
spins, excessive noise, or complete failure to start. This issue may arise from loose motor connections, damaged
motor components, or incorrect motor calibration. To address this, first check and secure all motor connections,
ensuring that wires are properly soldered. Inspect the motors for any visible damage and replace any that are
compromised. Additionally, recalibrate the motor settings through the flight controller and conduct a static motor
test to ensure proper function. Another issue is propeller imbalance, which can cause vibrations during flight,
unstable hovering, or reduced flight efficiency. This is often due to bent or damaged propellers, incorrect
installation, or imbalanced blades. To resolve this, inspect the propellers for any damage or bending and replace
them if necessary. Use a propeller balancer to ensure that each propeller is properly balanced, thereby reducing
vibrations and enhancing stability. Ensure that propellers are installed correctly and securely on the motors. Frame
cracks can also pose a significant problem, leading to potential structural failures. This issue may result from hard
landings, crashes, or inherent weaknesses in the frame design. To address frame cracks, thoroughly inspect the
frame for any visible damage. Replace any broken components and consider reinforcing vulnerable areas of the
frame with lightweight materials to prevent future issues. Regular maintenance and careful handling can help
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minimize the risk of frame damage. In summary, addressing these common issues involves thorough inspection,
replacement of damaged parts, and careful recalibration and balancing. Proper maintenance and regular checks
are crucial to ensuring the reliable performance of the X-Quadcopter and extending its operational lifespan.

6. Technical Improvements

The Indigenous Multi-Role X-Quadcopter has undergone significant technical improvements to enhance
its overall performance and reliability. Key upgrades include refined motor performance, which has been
optimized to provide smoother and more efficient operation. The battery system has also been upgraded to support
longer flight times and greater endurance, addressing previous limitations. Enhanced stability and control
algorithms have been integrated into the flight controller, resulting in improved flight dynamics and precision.
These advancements collectively contribute to a more robust and dependable drone platform, better suited for
complex missions and varied applications.

7. Applications

With its enhanced capabilities, the Indigenous Multi-Role X-Quadcopter is well-positioned for a diverse
range of applications. In aerial photography and videography, it offers high-quality image capture and stable flight
performance, making it ideal for both amateur and professional use. The drone's ability to carry and deliver small
packages or medical supplies opens up opportunities for logistical support in remote or underserved areas. Its
surveillance and monitoring capabilities are invaluable for security and reconnaissance tasks, providing real-time
data and insights. Additionally, in agriculture, the drone can be utilized for crop monitoring and spraying, helping
optimize agricultural practices and increase efficiency.

8. Competitive Advantage

The upgraded Indigenous Multi-Role X-Quadcopter holds a significant competitive advantage in the
market due to its superior performance and versatility. Compared to similar drones, it offers enhanced motor
performance, extended flight time, and improved stability, setting it apart in terms of operational efficiency. Its
versatility allows it to adapt to a variety of applications, from aerial photography to agricultural use, which
broadens its appeal to different user segments. The drone’s reliability and durability ensure consistent performance
even in challenging conditions, giving it an edge over competitors and making it a preferred choice for users
seeking high-performance and dependable technology.

9. Performance Enhancements

Recent performance enhancements of the Indigenous Multi-Role X-Quadcopter include an extended
flight range of up to 1 kilometer and an increased payload capacity of up to 2 kilograms. These improvements
enable the drone to undertake more ambitious missions and carry a wider range of equipment or supplies. The
enhanced stability features ensure smoother flight operations and greater control, contributing to more precise and
reliable performance. Additionally, the improved battery efficiency translates to longer flight times, allowing for
extended operational periods and reducing the need for frequent recharges. These performance upgrades
collectively enhance the drone's utility and effectiveness in various scenarios.

10. Future Developments

Looking ahead, the Indigenous Multi-Role X-Quadcopter is poised for further innovations and developments.
Plans include integrating advanced sensors for autonomous navigation, which will enable the drone to perform
complex tasks with minimal human intervention. Specialized payload options are being developed to cater to
specific industry needs, expanding the drone’s functionality and application scope. Ongoing software updates will
focus on enhancing performance, security, and user experience, ensuring that the drone remains at the forefront
of technological advancements. These future developments aim to continually refine the drone’s capabilities and
maintain its competitive edge in the rapidly evolving drone technology landscape.
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