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HELICOPTER ENGINE FOREIGN OûJECT DAMAGE 

1 .  

2. 

3. 

3. 

SCOP E : 

The purpose of t h i s  SAE Aerospace In fo rmat ion  Report i s  t o  disseminate 
q u a l i t a t i v e  in fo rmat ion  regard ing f o r e i g n  o b j e c t  damage (FOD) t o  gas tu rb ine  
engines used t o  power he l i cop te rs  and to  discuss methods o f  prevent ing FOD. 
Although turbine-powered, f ixed-wing a i r c r a f t  are a l so  subject  t o  FOD, the 
unique a b i l i t y  of the h e l i c o p t e r  t o  hover above, t akeo f f  from, and land on 
unprepared areas creates a specia l  need f o r  a separate t reatment o f  t h i s  
subject  as app l ied  t o  rotary-winged a i r c r a f t .  

REFERENCES: 

a) AIR947, Engine Erosion P ro tec t i on  (He l i cop te r ) ,  FEB71, SAE, Warrendale, PA 

b) FAR 33.77, Foreign Object  I nges t i on  

c )  AV-E-8593D, Engine, A i r c r a f t ,  Turboshaft and Turboprop: General 
S p e c i f i c a t i o n  for  

d) JAR-E, J o i n t  A i rwor th iness Regulat ions - Engine 

DEFIN IT IONS:  

Foreign ObQect: 
undesirable cons t i t uen t  o f  the incoming a i rs t ream t o  a gas tu rb ine  engine. 
Foreign ob jec ts  may inc lude sand, dust,  r a i n ,  snow, i c e ,  sa l twater ,  b i rds ,  
f o l i a g e ,  ground debr is ,  rocks,  fasteners,  mechanic's t o o l s ,  e t c .  Since sand 
and dust  are adequately covered by other  repo r t s  such as AIR947, they w i l l  
not  be t rea ted  i n  d e t a i l  here. 

A f o r e i g n  o b j e c t  i s  any o b j e c t  t h a t  i s  considered t o  be an 
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3.2 Foreign Object  Damacie: I n  a narrow sense, f o r e i g n  o b j e c t  damage i s  any 
phys ica l  damage t o  the gas tu rb ine  engine o r  i t s  i n t e r n a l  flow path 
r e s u l t i n g  f rom the inges t ion  o f  f o r e i g n  ob jec ts .  Such damage may adversely 
a f f e c t  the operat ing c h a r a c t e r i s t i c s  o f  the engine r e s u l t i n g  i n  loss  o f  
performance, loss o f  operat ing s t a b i l i t y ,  o r  f a i l u r e  o f  the engine. 

I n  a wider sense, FOD can be considered t o  be any mal funct ion o f  the engine 
a t t r i b u t e d  t o  the inges t ion  o f  f o r e i g n  ob jec ts  whether or n o t  phys ica l  
damage t o  the hardware occurs. (Thus, a loss o f  ou tpu t  power due t o  i n l e t  
blockage would be considered t o  be FOD even i f  no phys ica l  damage occurs to  
any o f  the engine hardware.) 

4 .  BACKGROUND: 

Gas t u r b i n e  engines have been used as pr imary sources of power f o r  r o t a r y -  
winged a i r c r a f t  since the 1950 's .  
the engines have been made more t o l e r a n t  t o  the inges t ion  o f  ob jec ts  
ent ra ined i n  the incoming a i rs t ream such as sand, dust,  r a i n ,  sa l twater ,  
Snow, and i c i n g  drop le ts  through the use o f  a l t e r n a t e  mater ia ls ,  i n l e t  
p a r t i c l e  separators, and a n t i - i c i n g  subsystems. With the added advantage o f  
these p r o t e c t i v e  devices, the operat ional  environment o f  gas-turbine powered 
he l i cop ters  has consequently expanded t o  inc lude f l i g h t  i n t o  " d i r t y "  
environments by both commercial and m i l i t a r y  users. A s  a r e s u l t ,  engine 
damage caused by f o r e i g n  ob jec ts  such as rocks,  f o l i a g e ,  ground debr is ,  
fasteners,  e tc .  has continued t o  remain a prime reason for  engine removal 
f rom the a i r f rame.  

A s  the air f rame/engine system has matured, 

Advances i n  technology by engine manufacturers have d r i v e n  gas-turbine engine 
designs toward smal ler ,  l i g h t e r  weight, more f u e l  e f f i c i e n t  turbomachinery 
w i t h  advanced a i r f o i  1 geometry operat ing a t  h igher r o t a t i o n a l  speeds. Modern 
gas-turbine power. p l a n t s  are genera l ly  us ing f e w e r ,  b u t  more c r i t i c a l  
a i r f o i l s ,  whi le  the q u a n t i t y  o f  f o r e i g n  o b j e c t s  c r e a t i n g  the damage remains 
unchanged. This reduc t ion  i n  i n l e t  and a i r f o i l  s ize  coupled w i t h  no change 
i n  f o r e i g n  o b j e c t  s ize  has increased the r i s k  o f  FOD. 

5. POTENTIAL SOURCES OF HELICOPTER ENGINE FOD: 

The sources o f  f o r e i g n  ob jec ts  ingested by he1 i c o p t e r  gas-turbine engines can 
genera l ly  be d iv ided i n t o  three areas: operat ing environment, i n s t a l l a t i o n s ,  
and maintenance. 

5 . 1  Operating Environment: 
f l y i n g  o r  hover ing close t o  ground l e v e l .  During search and rescue, medical 
evacuation, resupply,  and scout and a t t a c k  missions, i t  i s  q u i t e  common f o r  
r o t o r c r a f t  t o  land, takeof f ,  and hover i n  ground e f f e c t  over unprepared 
landing zones. 
twigs,  e t c . )  and o ther  types o f  ground debris: can be l i f t e d  i n t o  the a i r  by 
the a c t i o n  o f  the r o t o r s  and ingested i n t o  the engine i n l e t .  

A h e l i c o p t e r  can spend much o f  i t s  opera t ing  t i m e  

I n  the process, rocks,  pebble;s, f o l i a g e  (grasses, leaves, 

During operat ion i n  i c i n g  condi t ions,  i c e  t h a t  accumulates on the a i r f rame 
can shed i f  aerodynamic and/or v i b r a t o r y  forces overcome the adhesive 
s t rength between the i c e  and the a i r f rame s t ruc tu res .  
i c e  may then f a l l  away from the a i r c r a f t  or, on occasion, impact and damage 
the a i r c r a f t  o r  be ingested and damage the engine. 

A s lab or chunk o f  
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5.1 (Continued) : 

During f l i g h t  operat ions ou ts ide  o f  land ing  zones, the h e l i c o p t e r  engine i s  
subject  t o  the same sources o f  FOD as f ixed-wing power p lan ts .  These 
sources inc lude b i r d s ,  r a i n ,  ha i  1 ,  snow, and i c e .  

5.2 Ins ta l l a t i - onc :  The engine i n l e t  duct system and areas i n  f r o n t  o f  and over 
the a i r f rame i n l e t  can be a p o t e n t i a l  source o f  FOD. The r e s u l t i n g  damage 
from such i t e m s  may be r e f e r r e d  t o  as "Bi11 o f  Ma te r ia l s  Object  Damage." 
Mechanical fasteners w i t h i n  the i n l e t  duct  f lowpath o r  on doors and access 
panels i n  f r o n t  o f  o r  over the i n l e t  can work themselves loose as a r e s u l t  
o f  v i b r a t o r y  fo rces  o r  improper i n s t a l l a t i o n  and migrate i n t o  the engine, 
I n  the case o f  i n l e t  ducts made o f  composite ma te r ia l s ,  pieces o f  the duct 
i t s e l f  may delaminate and be drawn i n t o  the engine. 

Low areas w i t h i n  the i n l e t  duct  f l o w  path can t r a p  water which, when 
subjected to  f reez ing  cond i t ions ,  w i l l  convert  t o  the s o l i d  phase. Upon 
engine s tar t -up or under warming cond i t ions ,  chunks o f  i c e  may become 
dis lodged and be ingested. 

5.3 Maintenance: A i r c r a f t  mechanics and o ther  serv ice personnel, wh i le  
performing t h e i r  normal du t i es ,  may inadver ten t l y  leave hand t o o l s  such as 
screwdrivers,  wrenches, sockets, inspec t ion  m i r ro rs ,  e t c .  i n  the i n l e t  
duct ing.  Fastening hardware (nuts,  b o l t s ,  c o t t e r  p ins ,  sa fe ty  w i r e ,  e t c . )  
removed dur ing  serv ice may acc ident ly  be l e f t  i n  the i n l e t  o r  engine o r  may 
f a l l  i n t o  areas t h a t  are no t  e a s i l y  v i s i b l e  on l y  t o  be l a t e r  discovered 
lodged between rows o f  damaged compressor r o t o r  blades and s t a t o r  vanes. 
Par ts  bags, tags,  rags, maintenance i n s t r u c t i o n  sheets, p l a s t i c  and metal 
caps and plugs are a l l  examples o f  debr is  t h a t  have been l e f t  behind 
f o l l o w i n g  serv ice  a c t i o n  on ly  t o  become p o t e n t i a l  sources o f  f o r e i g n  ob jec t  
damage t o  vary ing  degrees. 

People working around a i r c r a f t  i n v a r i a b l y  have pockets conta in ing  loose 
personal i t e m s  (pens, penc i l s ,  pocket reference books, s i x  i nch  scales, 
notebooks, magnets, f l a s h l i g h t s ,  in i r ro rs ,  e t c . )  t h a t  can unknowingly f a l l  
o u t  and i n t o  the i n l e t  duct  o r  engine, Rings, b race le ts ,  necklaces, 
ear r ings ,  watches, and o the r  types o f  personal jewe l ry  and accessories can 
a l l  cause extens ive damage i f  al lowed t o  enter  the engine. 

Ground debr is  can be picked up by footwear and be deposi ted i n  the i n l e t  
system. 

6. EFFECT OF FOD ON OPERATIONS: 

The most common e f f e c t  o f  f o r e i g n  ob jec t  i nges t i on  i s  damage t o  the 
compressor sec t ion  o f  the gas tu rb ine  engine. The e f f e c t s  may be so minor 
t h a t  the operator  cannot de tec t  any change i n  the engine 's  opera t ing  
c h a r a c t e r i s t i c s  o r  be so e x t r e m e  t h a t  the engine becomes inoperable.  
Therefore, there  are forms o f  FOD t h a t  may be considered t o  be " t o l e r a b l e "  
and those t h a t  are e n t i r e l y  " i n t o l e r a b l e . "  
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6.1 

6.2 

---I.----_.---. Tolerable FOD: _- Tolerable FOD can, in a general sense, be classified as 
damage which does not degrade engine performance beyond the operating limits 
established by the engine manufacturer. 
compressor blade tips or actual loss of small pieces of the blade (tip 
leading edge) or minor local damage can be tolerated, but may reduce the 
life of the engine. 
reduced, ultimately yielding an engine that runs hotter to produce the same 
output power as before the ingestion of foreign objects. 
or overhaul manuals define the extent o f  damage that is acceptable and 
actions that can be taken to recover some of the lost performance and to 
reduce the potential for further damage due to crack propagation from FOD 
i iiduced stress concentrations. 

The comparatively minor bending of 

The compressor pumping capacity and efficiency may be 

Engine maintenance 

Although the ingestion of "soft" foreign objects such as paper, plastic 
bags, leaves, grasses, etc. does not generally cause physical damage to the 
compressor, these items can become lodged in front of inlet guide vanes and 
support struts creating airflow blockages and distorted airflow profiles. 
Inlet blockage causes an inlet pressure loss and reduces engine output 
power. The distorted airflow caused by the blockage can, in the extreme, 
drive the compressor into surge which, depending upon the condition of the 
engine and severity of the surge, may cause physical damage to the engine. 
In all but those cases where the hardware is deformed, engine performance 
should be recoverable by removing the foreign objects causing the blockage. 

The term "tolerable" as used in this section relates to the effect of the 
ingestion of foreign objects on engine performance. In economic terms, the 
effects of FOD may not be acceptable when consideration is given to the 
costs associated with the resulting increased fuel usage, reduced engine 
life, unscheduled tnaintenance and repairs, etc. 

&to].erabl.e FOD (Enqine Failure>: Thi s refers to an engine shutdown 
resulting from physical damage to a mechanical or structural part or 
component of the engine. 
before the engine can be used again. 
the engine to be unable to perform within specification or service manual 
limits or to be unable to sustain stable operation is essentially an FOD 
induced fai 1 ure. Mechani cal Pai 1 ures of the engine are defini tely within 
this classification which has here been expanded to include either blockage 
or damage short o f  complete failure that causes the engine t o  operate in an 
unstable manner or at a speed, temperature, or torque limit while producing 
unacceptable output power. 

The damaged hardware must be replaced or repaired 
Foreign object ingestion that causes 

7. FOD PREVENTION TECHNIQIJIS: 

The reduction and prevention of gas turbine engine damage due to the 
ingestion of foreign objects is the responsibility of the engine and airframe 
designers, the operators and the maintenance personnel . 
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7.1 

7.2 

- Engine/Airframe Desiun: 
must confront FOD as one of many factors affecting the engine design. 
order to be tolerant of foreign objects, the number of parts projecting into 
the airflow path should be minimized (e,g., inlet temperature and pressure 
probes, mechanical fasteners, etc. 1. The use of capti ve bolts, retained 
nuts and washers, self-locking fasteners (versus lockwire) and other devices 
which limit the number of free small parts will enhance an FOD resistant 
design philosophy. 

The engine designer may wish to consider use of wide chord compressor blades 
having comparatively blunt leading edges that can more readily survive the 
abuse of impacting foreign objects. Similarly, variable inlet guide vanes 
(VIGV's) can help increase engine tolerance to FOD by acting as a crude 
fence to prevent the object from reaching the rotating machinery. This 
assumes that the object does not cause the VIGV's to break loose and collide 
with downstream rotor blades. Of course, the selection of a specific 
blading design is governed by many other considerations such as aerodynamic 
performance, weight, cost, producibility, reliability, and maintainability. 
FOD tolerance can be only one constraint on the selection of a specific 
compressor configuration. 

The engine designer is the first individual who 
In . 

An engine design objective of reducing the number of tools required for user 
level maintenance would have the effect of reducing the likelihood of FOD, 

Both the engine and airframe designer have the responsibility to assure that 
no liquid collection areas exist in the engine and airframe inlet ducting. 
Should potential pooling areas be unavoidable, adequate drainage should be 
provided. The design should also be such that leakage of flammable fluids 
into the engine intake system is not possible. The airframe inlet ducting 
should not have mechanical fasteners of any kind in the airflow path. 
Access panels or doors in front of or over the airframelengine inlet should 
have retained fasteners. 
possible on the aircraft in order to reduce the chances of ingestion o f  
ground debris lifted into the air by the action of rotor downwash. The 
airframe inlet duct itself should be pitched away from the engine inlet such 
that it cannot be used as a shelf or surface on which service personnel may 
place parts. If angled away from the engine inlet, the airframe duct will 
not have the tendency to act as a chute which can naturally direct any 
object entering the duct into the engine. 
capable of being "easily" inspected up to the engine inlet face. 

Airframe inlets should be located as high as 

The airframe inlet duct should be 

-- Foreign 0b.iect Inaestion Prevention Equipment: There are numerous devices 
available that can help reduce the potential for gas turbine engine FOD in 
rotary-winged aircraft. Some of these mechanisms are used exclusively for 
FOD protection, while others are used primarily for other purposes but 
provide FOD protection as an additional benefit. 
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7.2 (Continued): I 

Many a i r c r a f t  inc lude "FOD screens" a t  e i t h e r  the a i r f rame i n l e t  duct  
entrance o r  a t  the i n t e r f a c e  plane between the a i r f rame i n l e t  duct  and the 
engine i n l e t .  
are constructed from 0.03 t o  0.06 inch  diameter w i r e .  
genera l ly  become nonuniform over the screen surface dur ing  forming such t h a t  
they are q u i t e  small i n  some areas and la rge  i n  others.  Provisi-ons are made 
t o  a l low a i r f l o w  t o  bypass the screens i n  the event o f  blockage. I n l e t  
screens should themselves be able t o  wi thstand the impact o f  f o r e i g n  ob jec ts  
and should be constructed so as t o  preclude the p o s s i b i l i t y  o f  loose strands 
o f  screen w i re  becoming a f o r e i g n  o b j e c t  t h a t  could be ingested. 
A d d i t i o n a l l y ,  these screens should be e a s i l y  and r o u t i n e l y  inspected. 

Air f ramelengine i n l e t  duc t ing  can be protected against  i c e  format ion and/or 
accumulation by the use o f  a n t i - i c i n g  systems. These sys tems u s u a l l y  
invo lve  heat ing o f  duct surfaces w i t h  engine bleed a i r  or e l e c t r i c a l  
energy. 
provide a n t i - i c i n g  c a p a b i l i t y .  
dependent on the p a r t i c u l a r  a p p l i c a t i o n .  

These screens are genera l ly  4 mesh (4 openings per inch)  and 
The openings 

The duct  surface temperature i s  maintained s u f f i c i e n t l y  h igh  t o  
Heat ra tes  and temperatures requ i red  are 

I n l e t  p a r t i c l e  separators ( I P S )  o f  var ious designs a r e  examples o f  
components t h a t  are not  s p e c i f i c a l l y  designed t o  prevent engine FOD bu t  
which do tend t o  reduce i t .  Although I P S  f l o w  areas are l a r g e r  than the 
engine i n l e t  area, the annulus gap i s  t y p i c a l l y  smal ler  and, there fore ,  
prevents the l a r g e r  f o r e i g n  ob jec ts  f rom reaching the engine core i n l e t .  
add i t ion ,  separators t h a t  are designed t o  use i n e r t i a l  separat ion o f  
p a r t i c u l a t e s  w i l l  a l low f e w e r  f o r e i g n  ob jec ts  t o  reach t h e  engine core 
i n l e t .  These comments genera l ly  apply t o  engine mounted p a r t i c l e  
separators, the l a r g e r  scale a i r f rame p a r t i c l e  separators, vortex tube 
assemblies, and plenum chamber type i n l e t  s y s t e m s .  Plenum chamber i n l e t  
s y s t e m s  have been included here as crude separators i n  t h a t  they a c t  as 
s e t t l i n g  chambers. 

I n  I 

FOD prevent ion can be considered dur ing  the design o f  engine mounted I P S  
systeins. S p l i t t e r  l i p  r a d i a l  l o c a t i o n  and scavenge vane spacing/ throat  
area, f o r  example, can in f luence f o r e i g n  o b j e c t  inges t ion  r a t e s .  

7 .3  M&i'?t.e.n-a-n.ce Clean1 i i i e s s :  Conscientious maintenance and f l i g h t  personnel can 
a f f e c t  a s i g n i f i c a n t  reduct ion i n  engine FOD. People t h a t  are t r a i n e d  and 
aware o f  the p o t e n t i a l  hazards associated w i t h  a l low ing  loose ob jec ts  t o  
e x i s t  i n  h e l i c o p t e r  engine i n l e t  sys tems are more l i k e l y  t o  check for  such 
i t e m s  p r i o r  t o  re leas ing  the a i r c r a f t  f o r  f l i g h t .  

b 

D 
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