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19AS0O303 FUNDAMENTALS OF UAV

Unit-1- INTRODUCTION TO UNMANNED AIRCRAFT SYSTEMS

Topic- Conceptual Design

Conceptual design is the initial phase of UAV development where broad ideas are formulated
into a workable plan. This phase sets the foundation for more detailed design and development.
Here's a breakdown of the key elements involved in conceptual design for UAVS:

1. Define Objectives and Mission Requirements
a. Purpose of the UAV
« Mission Objectives: Clarify the primary mission or application (e.g., surveillance, delivery,
environmental monitoring).
« Operational Environment: Identify where the UAV will operate (urban, rural, marine,
etc.), which influences design considerations like durability and weather resistance.
b. Payload Requirements
. Types of Payloads: Determine the sensors or equipment needed (cameras, LiDAR,
environmental sensors).
. Payload Weight and Volume: Assess the weight and size constraints to ensure the UAV
can carry and accommaodate these payloads effectively.
2. Select UAV Configuration
a. Type of UAV
. Fixed-Wing UAVs: Best for long-range and high-speed missions. Suitable for tasks
requiring efficient flight over large areas.
« Multirotor UAVs: Ideal for tasks requiring hovering, vertical takeoff, and landing. Useful
for applications needing precision and maneuverability.
« Hybrid UAVs: Combine features of fixed-wing and multirotor designs. They offer
versatility but may be more complex and costly.
b. Design Configuration
« Wing Shape: For fixed-wing UAVSs, decide on wing shape and configuration (e.g., delta,
straight, or swept wings).
« Rotor Configuration: For multirotors, choose the number and arrangement of rotors (e.g.,
quadcopter, hexacopter).
3. Aerodynamic Considerations
a. Aerodynamic Efficiency
« Shape and Design: Optimize the UAV’s shape to minimize drag and maximize lift.
Consider aerodynamic principles such as airfoil design and wing aspect ratio.
. Stability and Control: Design control surfaces (e.g., ailerons, elevators) and stabilizers to
ensure stable flight and effective control.
b. Performance Metrics
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« Speed and Maneuverability: Define required flight speed and maneuverability based on
the mission.
« Range and Endurance: Estimate the UAV’s range and flight time based on power source
and efficiency.
4. Structural Design
a. Frame and Materials
« Material Selection: Choose lightweight, durable materials (e.g., carbon fiber, composites)
to balance strength and weight.
« Structural Integrity: Design the frame to withstand operational stresses and environmental
conditions.
b. Payload Integration
« Mounting Solutions: Design integration points or mounts for payloads to ensure stability
and alignment during flight.
« Accessibility: Ensure easy access for installation and maintenance of payloads.
5. Power System
a. Power Source
. Battery or Fuel: Choose an appropriate power source (e.g., lithium-polymer batteries, fuel
cells) based on mission duration and energy needs.
« Energy Efficiency: Design for optimal energy use and consider the trade-offs between
power, weight, and flight time.
b. Power Management
. Distribution: Design the electrical system to manage power distribution effectively to
various components.
. Battery Management: Incorporate systems for monitoring battery health and managing
power consumption.
6. Control Systems
a. Navigation and Guidance
« Autonomy Level: Decide on the level of autonomy (manual, semi-autonomous, or fully
autonomous).
« Sensors and Navigation: Integrate necessary sensors (GPS, IMUs, altimeters) for
navigation and stability.
b. Communication Systems
. Data Link: Choose communication systems for data transmission between the UAV and
the ground control station.
. Range and Reliability: Ensure the communication system meets the required operational
range and reliability.
7. Safety and Redundancy
a. Safety Features
. Fail-Safes: Design fail-safe mechanisms for critical systems (e.g., automatic return-to-
home on signal loss).
. Emergency Procedures: Incorporate emergency procedures and systems to handle
unforeseen situations.
b. Redundancy
« Critical Components: Include redundant systems for critical components (e.g., multiple
sensors, backup power) to enhance reliability and safety.
8. Regulatory Compliance
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a. Legal Requirements
« Certifications: Ensure the UAV design complies with relevant aviation regulations and
certifications.
. Safety Standards: Adhere to safety standards and guidelines set by regulatory bodies.
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