
Icing Protection Solution for Unmanned Aircraft



ICING CAN OCCUR 
ANYWHERE



Icing	
  can	
  form	
  on:
• Propellers

• Stabilisers

• Engine	
  intakes

• Exposed	
  sensors

• Leading	
  edge	
  of	
  wings



DECREASED	
  THRUST

INCREASED	
  WEIGHT

INCREASED	
  DRAG

REDUCED	
  LIFT



SEVERE	
  CONSEQUENCES	
  OF	
  ICING

$10	
  000	
  000
/YEAR	
  IN	
  LOST	
  EQUIPMENT

$250	
  000	
  
MANPOWER	
  &	
  FUEL	
  /WEEK

10	
  %
AFFECTED	
  BY	
  ICING

$250	
  000
UAV	
  LOSSES	
  /10	
  DAYS

1	
  500	
  000
FLIGHT	
  HOURS	
  ON	
  AV	
  UAVS	
  ALONE



HEAVY

ALL ARE PILOT OPERATED

CHEMICALMECHANICAL ELECTRO-­‐THERMAL

HAZARDOUS	
  TO	
  THE	
  ENVIRONMENT

COMPLEX
INVASIVE



CONTROL UNIT 
& 
POWER SOURCE

ELECTRO-THERMAL SOURCE

ATMOSPHERIC SENSOR

TEMPERATURE SENSORS





A	
  UNIQUE	
  SOLUTION	
  TO	
  A	
  VAST	
  PROBLEM

• Fully	
  autonomous	
  – First	
  of	
  its	
  kind
• Patent	
  pending	
  – more	
  in	
  the	
  pipeline
• Massive	
  lab	
  and	
  on-­‐site	
  testing	
  over	
  past	
  3	
  years	
  – Proof	
  of	
  concept

Motivation,	
  
Scope,	
  and	
  
Challenges

Summer	
  
2013

Spring	
  
2014

Thermal
cold	
  room	
  tests

NTNU

October 2014	
  –
April	
  2015

Visiting	
  Researcher
NASA	
  Ames

Research	
  Center

Summer	
  
2014

Model-­‐Based	
  
Icing	
  Detection	
  
Algorithm

April	
  
2015

Preliminary	
  Flight	
  
Tests	
  Anchorage,	
  

Alaska

Summer	
  
2015

Ground	
  and	
  
Flight	
  Tests	
  

Arctic

September	
  
2015

Preliminary	
  Flight	
  Tests	
  
Ny-­‐Ålesund,	
  Svalbard

Fall	
  2015

Thermodynamic	
  
Analyses

Winter	
  
2015-­‐2016 May	
  2016

Electro-­‐Thermal-­‐
Based	
  Icing	
  
Detection	
  
Algorithm

April	
  2016

Flight	
  Tests	
  
Ny-­‐Ålesund,	
  
Svalbard

Winter	
  
2015	
  -­‐ 2016

Flight	
  Tests	
  
Antarctic

Wind	
  Icing	
  Tunnel
Experiments



INTERNATIONAL	
  COLLABORATION	
  FROM	
  DAY	
  1

INTERNATIONAL 
END USERS

INTERNATIONAL UAV 
MANUFACTURERS

NATIONAL 
COLLABORATORS



FUTURE	
  WORK

Rotor UAVs
• No solutions today
• Our solution is transferable to rotary wings

Wind energy
• Ampyx power – UAV-based wind energy harvest
• Wind turbines

Conventional Aircraft
• Added value

• Increased fuel efficiency
• Less complexity
• Fully autonomous and adaptive



«The ice protection system and its architecture is the first of its 
kind for UAVs and it distinguishes itself – comparing it to 

solutions for conventional aircraft – as icing is mitigated or 
altogether prevented autonomously. The proposed 

architecture enables the IPS to execute on-line and in-flight icing 
detection, mitigation, or prevention, ensuring safe and robust 

UAV operations regardless of potential atmospheriv 
icing conditions.»

Dr.	
  Craig	
  Lawson
Cranfield	
  University

Cranfield	
  University	
  is	
  one	
  of	
  the	
  leading	
  research	
  institution	
  within	
  aerospace.	
  Close	
  collaboration	
  
with	
  Boeing,	
  Airbus	
  and	
  other	
  large	
  aircraft	
  manufacturers

Icing Protection Solution for Unmanned Aircraft

KIM LYNGE SØRENSEN
email: kim.sorensen@itk.ntnu.no

Thank you for your attention






