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Background

@ Conventional propulsion systems
are either fully fuel-based or fully
electric, each with limitations.

@ Hybrid systems combine fuel
engines and electric motors to
enhance endurance, reliability,
and efficiency.

@ Improved fuel economy and
reduced emissions are key
motivations.

o Essential for long-endurance

UAVs, especially with VTOL
capability.

Hybrid Types

@ Series Hybrid: Engine drives generator — powers
electric motor.

o Parallel Hybrid: Engine and electric motor both
drive the propeller.

@ Series-Parallel Hybrid: Combines flexibility of both
architectures.

@ For UAVs, parallel hybrid is most suitable for
efficiency and redundancy.
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Parallel Hybrid Propulsion System
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Mission Requirements and Constraints

Table 1: Hypothetical Mission Requirements 1
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UAV Sizing and Aerodynamic Performance

Sizing & Performance

Table 2: UAV Initial Sizing

Parameter Value  Unit

Wing span 1.7 m
Fuselage length 125
Wing arca 198 m?

Asy

t ratio 1 ---

"

£ a1
T — L Fitch moemeen Cosiclant Uin Coaficiens
1= oos - i o8
i) ok 10 1
04
s L1 1
N o0z 1
) 1€
o
5 oxsf 1
o a
. ? 04
15 025 Ty 1
m —_— L a3 08 L e
0 & & 4 2 0 2 10 4 2 0o 2 4 & 8 1 10 2 o 2 4 & 8 10

Angin of arack {dogres)

Angie of anack (tegrea)

Angla af amack (dogres]

rallel Hybrid Propulsion




Engine Selection
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Engine Operating Point

Operating Point

BSFC (g

BSFC (m/kWh)

Power per Fuel (6Wig) ~

2000 3000 3000 %00 €00
R

Pouwes per Fugl

08+
06 -

04+

4000 4500 SODO 5SSO0 BODD BS00 7000
RPM

0z . -
2000 2500 3000 3

rallel Hybrid Propulsion



Mission Manager
(waypoints, Altitude)

I

Guidance
(Navigation & Control)

I

Thrust Demand
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Energy Management
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Energy Management S

Performance

© EMS optimizes power distribution between © Optimization goal: minimize fuel
engine and motor. consumption while maintaining flight
performance.

© Monitors propulsion power demand, engine
efficiency map, and battery state. © RBF-PID adapts to nonlinear dynamics

© Controls engine throttle, generator output, and uncertainties in UAV operation.

and motor torque. © Simulation results show significant

© Implements RBF-PID controller for improvement in fuel economy (~ 9%).

adaptive response to flight power @ Engine operates near optimal efficiency
demands. point using adaptive control.
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Battery and Avionic Selection
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Validation: Simulation

© Hybrid EMS: Manages energy of
propulsive system

© Custom battery and custom engine are
custom messages

©» PX4 SITL: Contains simulated vehicle in

Gazebo environment /7 PX4 SITL Gazebo ™
. . =
o Hybrld EMS receives: Navigation W Hyrid EMS | Aerodynamic  Atmospheric
> waypoint information from Navigation ’ ’ | |
module ) i Custom messages > Gazebo plugin
> Aerodynam|c and atmosphenc custom battery custom engine 1
parameters through Gazebo plugin i . B G
> battery, motor, status through custom MY M )
battery N 7
v

> engine status through custom engine
© Hybrid EMS sends

© fraction of total required thrust to engine
® remaining fraction to motor
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Fuel Efficiency Comparison
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Fuel Efficiency Comparison

Fuel Efficiency

Table 5: Fuel consumption comparison.
Configuration Endurance (hrs) Fuel Used (L) Consumption (%)
Fully ICE 3.0 4.57 95.4
Fully Electric 0.8 0
Hybrid (proposed) 3.0 4.31 86.2
Hybrid efficiency 9.2
v
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Conclusion and Future Works

® Hybrid propulsion offers the best trade-off between endurance
and efficiency.

© Parallel hybrid with RBF-PID controller is effective for UAV
energy management.

© Future work: Hardware-in-the-loop validation and real-flight
testing.

© Integration with PX4-based UAV systems for autonomous
operation.
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