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Design and Optimization of Autonomous Mountaineering
Logistics Drone for High-Altitude Operations

|. Problem Statement

In high-altitude mountaineering, the primary difficulty is not just the terrain, but the extreme
temperature and low atmospheric pressure which leaves a person breathless all the time.

At these heights, a climber’s physical capacity is reduced to a fraction. Carrying a standard 20-30kg
pack containing essential gear like limited oxygen, tents, and a stove becomes a struggle. This heavy
load increases physical exhaustion, which in turn leads to hypoxia, frostbite, and fatal
decision-making errors.

When a climber becomes injured or incapacitated, the situation turns dire because a traditional ground
rescue requires a team of 6-10 rescuers to carry a single person down. This process is so slow and
dangerous; rescuers often risk their own lives, and many victims suffer because help could not reach
them or move them fast enough.

1. Abstract

This research proposes the design and development of an Autonomous Mountaineering Logistics
Drone made for high-altitude operations (operational range: 15-25 km horizontal radius, service
ceiling ~6000 m). The drone assists climbers by carrying essential supplies such as oxygen, food, and
emergency equipment, reducing physical strain and fatigue. It features adaptive navigation,
altitude-resilient propulsion, and autonomous decision-making, allowing it to function effectively in
extreme weather and low-density air.

The proposed system is a hybridized VTOL fixed-wing drone integrating ducted fan propulsion with
aerodynamic wing-based lift. The drone incorporates retractable wings (wingspan ~4 m, deployable
for cruise flight) and retractable landing stands for stability during uneven mountain landings.

A key principle guiding this work is adaptability; any solution must be able to respond to changing
terrain and weather rather than relying on fixed inputs. Reliability and adaptability are important due
to the high-risk nature of the environment.

The drone can perform tasks like autonomous supply delivery, real-time route optimization, and rapid
emergency response through delivery of medical aid. In current high-altitude conditions, where
climbers face severe physical limitations and rescue operations are slow and risky, this solution offers
a safer and more efficient alternative.



I11. Introduction

High-altitude drone performance is limited by low air density, which reduces lift and demands higher
thrust, and by extreme cold, which degrades battery efficiency. Drones such as the DJI Matrice 300
RTK and DJI Mavic 3 Enterprise are used in rescue and surveying, but their performance declines
significantly at extreme elevations.

Technically, effective operation requires a high thrust-to-weight ratio, large efficient propellers, and
high-performance motors. Lithium-polymer (Li-Po) batteries suffer capacity loss in low temperatures,
requiring thermal management. Lightweight, high-strength materials such as carbon fiber are essential
for structural efficiency.

To overcome these limitations, the proposed drone utilizes a hybrid lift mechanism where ducted fans
provide vertical thrust during takeoff and landing, while fixed wings generate lift during cruise,
significantly reducing power consumption at altitude.

Navigation depends on GPS, IMUs, and onboard sensors, though accuracy can be affected by terrain
and environmental conditions. Strong winds further impact stability and control.

Existing systems are primarily adapted from low-altitude designs and are limited by reduced payload,
short endurance, and constrained performance in harsh environments, highlighting the need for
altitude-specific drone design.

V. Literature Review

The proposed drone incorporates design elements specifically optimized for high-altitude
performance:

1. Ducted Fan Propulsion System (Research paper)

The drone utilizes ducted fans to enhance thrust efficiency in low-density air. The duct increases
airflow control, reduces tip vortices, and improves lift generation, which is critical at high altitudes
where conventional open propellers lose efficiency.

These ducted fans are arranged in a distributed VTOL configuration (4), each optimized for high static
thrust, and are disengaged or throttled down during forward cruise when the wing takes over lift
generation.

2. Silicon-Carbon Battery

A silicon-carbon battery is selected due to its higher energy density and improved performance in low
temperatures compared to standard lithium-polymer batteries. This ensures longer flight duration and
more reliable power output in extreme cold conditions. Both active and passive thermal insulation
systems are used for the battery.



3. Duralumin Body Structure

The frame is constructed from duralumin 7075-T6 , an aluminum alloy known for its high
strength-to-weight ratio and resistance to temperature-induced deformation. This provides structural
durability while keeping the overall weight low.

The structural layout includes a reinforced fuselage core (~2.2-2.8 m length) supporting the hybrid
propulsion system, with wing spars integrated into the frame for load distribution during cruise flight.

4. Carbon Fiber Propellers

Carbon fiber propellers (2000+ RPM, 65 inches diameter and 24 inch pitch) are used for their
lightweight nature, high stiffness, and resistance to deformation under high rotational speeds. This
improves propulsion efficiency and stability in strong winds.

5. High-Efficiency Brushless Motors

The drone employs 50-KV brushless motors capable of delivering high torque and rotational speed,
ensuring thrust generation of more than 50kg per motor in thin air conditions.

These motors are part of a hybrid propulsion architecture, where vertical lift motors operate
independently from forward thrust cruise motors, enabling efficient transition between hover and
forward flight.

6. Advanced Navigation System

The system integrates GPS, inertial measurement units (IMUs), and onboard sensors for real-time
positioning, stability control, and obstacle avoidance in complex terrain. LiDAR sensors, infrared
sensors and cameras with computer vision are used to detect humans and obstacles.

7. Thermal Management System

Insulation and controlled heating mechanisms are included to maintain optimal operating
temperatures for batteries and electronics.



V. System Architecture
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V1. Methodology
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For data processing, | utilized a computational simulation approach to vary key performance
parameters affecting drone operation at high altitudes. Environmental conditions such as air density,
temperature, and wind resistance were adjusted to replicate realistic mountaineering scenarios.

The simulation allowed controlled variation of parameters such as thrust output, payload mass, and
battery performance while keeping other variables constant. By systematically changing one
parameter at a time, the individual impact of each factor on overall drone efficiency was observed.

Using this approach, data was generated for multiple conditions and recorded for analysis. Graphs
were then plotted to represent relationships such as lift vs altitude and lift vs speed. These graphical
representations helped in visualizing performance trends and identifying critical limitations.

The methodology ensured that results were consistent and comparable across different conditions,
allowing for a clear evaluation of how the proposed design performs relative to conventional systems.
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Parameter Sea Level (Om) High altitude (6000m)
Max Payload (kg) 80 35

Air Density (kg/m3) 1.225 ~0.66

Propeller (RPM) 1200 — 1500 1600 — 2050

Max Wind Resistance (m/s) 12-15 18+

Operating Temp (°C) ~45°C -20°C to -30°C
Parameter Value

Wingspan 2-4 m (2 meters when retracted)
Fuselage Length 25m

Wing Area ~2-2.5m?

Configuration Hybrid VTOL (ducted fans + fixed wing)

VI1I. Data Analysis

The computational simulations and comparative analysis reveal critical insights into high-altitude
drone performance:

Propulsion & Atmospheric Interaction: A direct correlation exists between altitude and thrust
degradation. At 6,000m, air density drops to approximately . To compensate, propeller RPM must
increase by nearly 40% (from 1500 to 2050 RPM) to maintain stable flight . The use of ducted fans
significantly mitigates tip vortices, providing a higher thrust-to-weight ratio than open-propeller
designs like the DJI FlyCart 30 in thin air.

Power Dynamics: Standard Li-Po batteries fail at extreme temperatures (-20°C) due to increased
internal resistance . The integration of Silicon-Carbon (Si-C) anodes allows for higher energy density
and superior discharge rates in cold soak conditions. Hybrid propulsion models suggest that while
Si-C batteries are efficient, a hydrogen or combustion-electric hybrid system could further extend
range for heavy-lift mountaineering logistics.



Structural Integrity: Using Duralumin 7075-T6 for the airframe provides a yield strength of ~503
MPa, essential for resisting deformation during high-velocity wind gusts (18+ m/s) encountered at
peaks. This material choice ensures the drone remains lightweight enough to carry a 35kg payload
even at its ceiling .

Additionally, the integration of fixed wings allows the system to transition from thrust-based lift to
aerodynamic lift, reducing continuous power demand and improving endurance by an estimated
40-60% during cruise for a mid-scale (~4 m class) UAV.

VI1II. Conclusion

This research demonstrates that hybridized autonomous logistics drones can significantly reduce the
physical burden on high-altitude climbers and rescuers. By utilizing Super Super Duralumin
(7075-T6) and Silicon-Carbon battery technology, we successfully addressed the two primary failure
points of current consumer drones: structural weight and battery failure in extreme cold.

Simulations conducted via NASA’s FoilSim and SimNet environments validate that a ducted fan
configuration is the most viable path for heavy-lift operations in low-density air. The proposed drone
effectively bridges the gap between current surveying drones and the heavy-lift capabilities of
industrial platforms like the DJI FlyCart 30, offering a specialized, altitude-resilient solution for
mountaineering safety and supply chain optimization.
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