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Penguin UAV

Performance issues

Reliability issues

Simply not very usable…



Discussing the requirements

Feb 16

Project New UAV
Norway’s NextGen UAV





Electric propulsion

40 m/s long-range cruise speed

12 m/s stall speed

Captured on a ship by net

2+ hours flight endurance

Looks pretty



Electric propulsion

40 m/s long-range cruise speed

12 m/s stall speed

Captured on a ship by net

2+ hours flight endurance

Looks pretty

Maximum total weight 12 kilograms



Breaking
the news

Explaining what are the trade-offs in: 

Airspeed

Flight endurance

Flight range

Total weight

Etc.



Discussing the requirements

Feb ‘16

Requirements set

Jun ‘16

Project New UAV
Norway’s NextGen UAV



Mission Performance 
Trade-offs of
Battery-powered sUAS

2017 International Conference on Unmanned 
Aircraft Systems (ICUAS)

- Anthony Hovenburg

- Tor Arne Johansen 

- Rune Storvold



Question: how does a change in …

- Weight
- Altitude
- Airspeed

affect the aircraft’s …

- Maximum range
- Maximum endurance
- Stall speed



-Maximum Endurance (Emax) is influenced by:

-Maximum Range (Rmax) is influenced by:

-Stall speed (Vstall) is influenced* by:  

Influence of weight on the performance of battery-powered aircraft



Before attempt #1 Before attempt #2

Early proposal
Aerodynamic design



Before attempt #1 Before attempt #2

Further estimating in-flight performance

• Estimating the in-flight cruise, take-off and landing performance
• Validating the static stability model estimations



Before attempt #1 Before attempt #2

Further estimating in-flight performance

• Estimating the in-flight cruise, take-off and landing performance
• Validating the static stability model estimations



Before attempt #1 Before attempt #2

Final proposal
Aerodynamic design



Before attempt #1 Before attempt #2

Final proposal
Aerodynamic design



Before attempt #1 Before attempt #2

Construction …



Before attempt #1 Before attempt #2

Prototype delivery



Finished building prototype

Feb ‘17

Project New UAV
Norway’s NextGen UAV



Test flight #1 

L

Apr ‘17

Finished building prototype

Feb ‘17

Project New UAV
Norway’s NextGen UAV



Test flight #1 

L

Apr ‘17

Test flight #2 

J

Jul ‘17

Finished building prototype

Feb ‘17

Project New UAV
Norway’s NextGen UAV



Before attempt #1 Before attempt #2



Before attempt #1 Before attempt #2



Before attempt #1 Before attempt #2

Success!
(after one practice round….)



Before attempt #1 Before attempt #2

Further analysis CFD (or windtunnel?)



↑ In-flight performance↓ Fuel consumption Redundant propulsion

Hybrid-Electric Propulsion

For Unmanned Aerial Vehicles



Hybrid-Electric Propulsion

For Unmanned Vehicles



Hybrid-Electric Propulsion

For Unmanned Vehicles

Desired engine load during cruise 



Hybrid-Electric Propulsion

For Unmanned Vehicles

Desired engine load during cruise 

Take-off power (not sufficient)



Hybrid-Electric Propulsion

For Unmanned Vehicles

Bigger engine: sub-optimal cruise performance



Hybrid-Electric Propulsion

For Unmanned Vehicles

A B



A.R. Hovenburg, C. R. Dahlin, F. A. A. Andrade

Utilizing redundant propulsion

Pre-determined safe-zones

Particle swarm optimisation

Inclusion of detailed wind maps

Contingency Path Planning for 

Hybrid-electric UAS



A.R. Hovenburg, F. A. A. Andrade, C. R. Dahlin

Communication relay using UAVs

Aircraft performance model

Inclusion wind maps

MPC versus PSO 

Hopefully flight tests

Path Planning of Multi-UAS Communication Relay by 
Decentralized MPC Using a Comprehensive Aircraft 
Performance Model



Performance optimization for 
hybrid-electric sUAS equipped 
with de-icing systems
A.R. Hovenburg, , R. Hann, K.L. Sørensen, T.A. Johansen

Performance study

Variation in de-icing strategy

Penalty on flight range/endurance

Pre-mission analysis (block fuel, etc)

Path planning optimization (trajectory)



Mission-based optimization of 

HEPS in sUAS

A.R. Hovenburg, T.A. Johansen, R. Storvold

Mission analysis (adopt)

Generator sizing (adopt)

Block fuel

Battery capacity

Generic performance algorithm



Why I believe in HEPS in sUAS

Cleaner

Reduced emissions 

and noise pollution

1

Bridging technology

3

More efficient

2

Scalable

4

Reduced fuel consumption

and/or increased performance

Transitioning towards

battery-only propulsion

Reduced fuel consumption

and/or increased performance



Thank you!
Questions?


