


2 



3 



4 



5 



Trusted to deliver excellence 

© 2017 Rolls-Royce Deutschland Ltd & Co KG 
The information in this document is the property of Rolls-Royce Deutschland Ltd & Co KG and may not be copied or communicated to a third party, or 
used for any purpose other than that for which it is supplied, without the express written consent of Rolls-Royce Deutschland Ltd & Co KG. 
This information is given in good faith based upon the latest information available to Rolls-Royce Deutschland Ltd & Co KG, no warranty or representation 
is given concerning such information, which must not be taken as establishing any contractual or other commitment binding upon Rolls-Royce 
Deutschland Ltd & Co KG or any of its subsidiary or associated companies. 

FOD – Forgeign Object 
Damage 

M.Wirth 
21-02-2017 



  

7 It is foremost a safety issue! 

Hudson River Accident – Duel Engine failure after multiple Bird Strike  



  

8 It is a cost issue! 

 Source: FEDERAL AVIATION 
ADMINISTRATION NATIONAL 
WILDLIFE STRIKE DATABASE 
SERIAL REPORT NUMBER 20  



  

9 A400M – Unprepared Runway Trials 



  

10 A400M – Thrust Reverse 



  

11 Airbus A350-900 XWB 
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Types of FOD 
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Soft particle FOD Hard particle FOD DOD – Domestic Object 
Damage 

Bird (rarely common cause) e.g. Gravel 

Ice – Slab (common cause) Bolts / Nuts / Rivets / …. 

Hail (common cause) Acoustic Liners (rare) / Intake Pieces / …. 

Drones 

 There is a grey area between FOD and 
Erosion 

 Erosion: Particles are too low energy to 
leave nicks but due to their number and 
speed, they will eventually cause severe 
damage 
 Sand / Dust Erosion 
Water Erosion 
 Volcanic Ash Erosion 



Components that are affected most by FOD 
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Fan Blades 

Fan-OGV Fan-ESS 

IPC Blades 
IPC Vanes 

HPC Blades 
HPC Vanes Nose Cone 



Hard Particle FOD (HPC Blades / Vanes) 15 



Soft Particle FOD (Nose Cone - Bird) 16 



Soft Particle FOD (Nose Cone - Bird) 17 



Soft Particle FOD (Fan Blade - Bird) 18 

Canada Geese 
High Power 
Low Power 
Both events caused IFSD, uneventful landing.   



Soft Particle FOD (Fan Blade – Ice Slab) 19 



Soft Particle FOD (HPC R1) 20 



Design: Materials – make a big difference! 
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 Compressor Blade Material will 
strongly affect number of FOD-
findings. 

 Typical for Blades are Titanium-
Alloys up to about 450°C, then 
Nickel-Alloys (IN718).  
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Design: Particle Trajectories 
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 The annulus shape can influence the blade height where FOD occurs most. 
Most Particles will be centrifuged outwards quickly. 



Design: Particle Trajectories 
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 Goal is to guide particles away 
from the core engine inlet.  



Design: Bleed Offtakes can make a 
difference 
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 Bleed Offtakes can help reduce the threat for subsequent stages.  

Particles centrifuged 
out 

Booster Bleed Valve 



Engine Installation 
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 Engine Ground Clearance 
 Engine relative Position to Wings and Undercarriage 



Engine Operation 
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Condition of Airfields / 
Environment 

Operating Practice (backing 
off the terminal with the 
Thrust reverser)  



Bird Strikes 27 

 Source:  
1. FEDERAL AVIATION ADMINISTRATION NATIONAL WILDLIFE STRIKE DATABASE SERIAL 

REPORT NUMBER 20  
2. EASA Bird Strike Damage & Windshield Bird Strike Final Report 
 



Bird Strikes 28 

Source: EASA Bird Strike 
Damage & Windshield 
Bird Strike Final Report 



Bird Strikes – Bird Management @ Airports 29 

Source: FEDERAL AVIATION ADMINISTRATION NATIONAL WILDLIFE STRIKE DATABASE SERIAL REPORT NUMBER 20  



Certification Requirements (EASA / FAA) 30 

Chapter Title FOD Requirement 

CS-E540 Ingestion of 
foreign 
matter 

Anything “likely” 
to hit both engines 

Continue safe operation, no 
unacceptable effect on operability or 
performance 

CS-E800 Bird 
Ingestion 

Depends on inlet 
size, 1,85kg…. 
3,65kg. 

Depends on Bird size.  
1. Large: No Hazardous effect 
2. Large Flocking: <50% thrust loss 
3. Medium: <25% thrust loss 

CS-E790 Rain and 
Hail 

25-50mm 
Hailstone 

No unacceptable thrust loss or 
mechanical damage 

CS-E780 Icing Ice Slab, depends 
on inlet area 
88….1435cm³ 

No unacceptable damage or thrust loss.  

CS-P360 
(Propeller) 

Bird Impact 1,8kg bird No major or hazardous effect.  



Drones – What is different ? 
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Source: EASA Drone Collision Task Force; Oct. 2016 



Drones – What is different ? 
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Source: EASA Drone Collision Task Force; Oct. 2016 

Drone Sightings (may be misleading).  



Drones – What is different ? 
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“However, occurrences above 6 000 ft of altitude should not be 
disregarded, as aircraft groundspeeds increase with altitude, which could 
make an impact with a drone or even a weather balloon a very serious 
event.” 
 
“Lithium batteries contain hazardous materials such as lithium metal and 
flammable solvents, which can lead to exothermic activity and runaway 
reactions in case of impact with aircraft components following collisions.” 
 
 

Source: EASA Drone Collision Task Force; Oct. 2016 



Drones – Threat Specifications 
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Source: EASA 
Drone Collision 
Task Force; Oct. 
2016 



Drones – What is different ? 
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• Hard Particle FOD at altitude 
• Unlikely to affect more than 1 engine 
• Limited data available so far, but may strike at unusual high altitudes 
• High Mass 
• Uncontrolled materials (Lithium, Silver (?), Copper, traces of Cl, S) 

 

Source: EASA Drone Collision Task Force; Oct. 2016 
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