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EXECIJTIVE SUMMARY 

During 1981-83, the Federal Aviation Administration (FAA) conducted a study of 
bird ingestions into large high bypass ratio (HBPR) turbofan engines [ I ] .  The 
majority of such engines in service at that time were certificated under 
airworthiness standards for bird ingestion pre-dating Change 1 (October 1974) 
to Part 33 of the Federal Aviation Regulations. Over the past decade many newer 
HBPR engines, that were designed and certificated to more stringent standards, 
have come into wide-spread service. The current study grew out of a need to 
ascertain any changes that have occurred in the-bird threat and to assess the 
effects of bird ingestions on these newer engines. 

The data in this interim report, which represent approximately 65 percent of the 
total amount expected for the study, were generated from over 2 million 
operations flown by a fleet of more than 1100 aircraft during the period January 
1989 to September 1990. Aircraft models include the A300, A310, A320, B747, 
B757, B767, and DC10. 

A total of 381 aircraft ingestions was reported, yielding a worldwide ingestion 
rate of 1.85 ingestions per 10,000 aircraft operations. This is approximately 
80 percent of the rate in the 1981-83 FAA study. The foreign aircraft ingestion 
rate is currently more than four times the United States rate, compared with two 
and one-half times in the previous study. 

Aircraft ingestion events were reported to have occurred at 120 different 
airports worldwide. One airport had 10 events and two others had 7 each. All 
three of these airports are outside the United States. The largest number of 
events at any United States airport was 4. 

There were 16 multiple engine events, yielding a rate slightly under 8 per 
million operations. Each involved two engines of the aircraft. Thirty-five (35) 
of the 397 engine ingestions are known to have involved multiple birds. 

The species of ingested birds are consistent with the 1981-83 study. The 
herring gull, common lapwing, black-headed gull, and common rock dove were the 
most frequently identified ingested bird species. The first three were also the 
most frequently encountered birds during multiple engine or multiple bird 
ingestions. 

Bird weights, both United States and foreign, are markedly similar to those in 
the previous study. This is true not only in terms of summary statistics 
(median, mode, mean, etc.) but also in terms of the distribution functions for 
the weights. As before, birds ingested in the United States tend to be heavier 
than foreign birds. 

Forty-seven (47)percent of engines that ingested birds had some reported damage, 
compared to 62 percent: in previous study. Fifty-four (54) percent of current 
engine damage was classified as "minor," which typically consisted of leading 
edge distortions or at most three bent, dented, or torn fan blades. 

The aircraft ingestion events were fairly evenly split between the departure 
(takeoff or climb) and arrival (descent, approach or landing) phases of flight. 
However, engines ingesting birds during departures sustained damage at about 
twice the rate as in arrivals. 
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An unscheduled crew a c t i o n  (abor ted  t a k e o f f ,  a i r  turnback,  e t c . )  was performed 
i n  14 percent  of t h e  a i r c r a f t  even t s ,  which i s  h a l f  t h e  r a t e  i n  t h e  previous  
s tudy .  There were 11 in--£ l i g h t  engine shutdowns (IFSD's) , r e p r e s e n t i n g  l e s s  t han  
3 pe rcen t  of a l l  engine events .  I n  t h e  previous  s tudy ,  n e a r l y  13 pe rcen t  of 
engine  even t s  r e s u l t e d  i n  an IFSD. 

Following i s  a summary of some d a t a  from t h e  c u r r e n t  and previous  FAA s t u d i e s .  
Except where noted,  a l l  numbers r ep re sen t  worldwide da t a .  

DATA SUMMARY 

Current  Study 

i/ a i r c r a f t  1162 (5190) 

# ope ra t  i ons  2,056,676 

# a i r c r a f t  i nges t  i ons  J( 

i n g e s t i o n  r a t e  (x loA-4)  * 

# m u l t i p l e  engine even t s  

m u l t i p l e  engine i n g e s t  i o n  
r a t e  (x  loA-6)  

f engine  i n g e s t i o n s  

# m u l t i p l e  b i r d  engine 
i n g e s t i o n s  

% m u l t i p l e  b i r d  i n g e s t i o n s  

i/ damaging engine i n g e s t  i o n s  

% damaging engine i n g e s t i o n s  

median b i r d  weight (02.) J( 

modal b i r d  weight  (02.) * 

mean b i r d  weight (oz.)  J( 

# crew a c t i o n  a l c  e v t s .  

% c r e w  a c t i o n s  

# IFSD eng. e v t s .  

% IFSD's 



1. INTRODUCTION. 

1.1 BACKGROUND. 

The Federal Aviation Administration (FAA) conducted a study during 1981-83 to 
determine the numbers, weights and species of birds being ingested into all large 
high bypass ratio (HBPR) turbofan engines in service worldwide and to document 
any resultant damage. The purpose of that effort was to provide data in support 
of possible changes to the airworthiness certification standards for bird 
ingestion, so they might better reflect actual service experience. The data were 
collected by the three principal large engine manufacturers, General Electric 
(GE), Pratt and Whitney (PW), and Rolls Royce (RR), under contract to the FAA. 
Results from that study were reported in reference 1. 

The majority of large HBPR engines in service at that time were certificated 
under bird ingestion standards pre-dating 1974. Over the past decade, many newer 
large HBPR engines that were designed and certificated to more stringent 
standards have come into wide-spread service. The current study grew out of a 
need to ascertain any changes that have occurred in the bird threat and to assess 
the effects of bird ingestions on these newer engines. 

The abovementioned three engine manufacturers were again contracted by the FAA 
to provide as much pertinent data as possible on all known bird ingestions into 
engines that were certificated under standards of 1974 or later. Unfortunately, 
because of complexities in contractual startups, it was not possible to 
synchronize the initiation of data collection between all three manufacturers. 
The RR and PW data reporting started in January 1989, while GE data collection 
began in July 1989. It is anticipated that each data collection period will last 
for 26 months. This interim report is based on initial data collected by RR 
and GE through September 1990 and by PW ~hrough August 1990. All International 
Aero Engine (IAE) and CFM International (CFMI) data are being collected for this 
study by PW and GE, respectively, and correspond to their reporting periods. 

Two additional FAA bird ingestion studies, for medium and small turbine engines, 
were conducted in recent years. They were reported on in references 2 and 3. 

1.2 OBJECTIVE. 
The objective of this study is to determine the numbers, species, and weights 
of birds being ingested into certain modern large HBPR turbine engines during 
worldwide service and to assess the impact of these ingestions on engines and 
aircraft operations. 

1.3 ORGANIZATION OF REPORT. 

The main body of the report is contained in Sections 2 through 5. These sections 
are ordered so as to deal with relevant topics according to increasing dependency 
and complexity. The aircraft fleet under study and operations flown by it are 
discussed in Section 2. Section 3 deals with various kinds of ingestion events 
and their rates of occurrence. Airports are also discussed. The population of 
ingested birds is analyzed in Section 4, while Section 5 examines the adverse 
effects of bird ingestions on aircraft flights and engines. Section 6 contains 
a summary of results and presents some conclusions. 



2. ENGINES, AIRCRAFT, AND OPERATIONS. 

The c u r r e n t  s tudy  involves  a l l  a i r c r a f t  con ta in ing  c e r t a i n  l a r g e  h igh  bypass 
r a t i o  engines  t h a t  were c e r t i f i c a t e d  under t h e  most r e c e n t  and most s t r i n g e n t  
a i rwor th ines s  s t anda rds ,  i .e . ,  those  of Change 1 of October 31, 1974, o r  Change 
5 of March 26, 1984, t o  P a r t  33 of t h e  Fede ra l  Av ia t ion  Regula t ions .  Both of 
t h e s e  c o n t a i n  a requirement t h a t  an  engine having i n l e t  area g r e a t e r  t han  3900 
square  inches  cont inue  t o  ope ra t e  w i t h  75 percent  power and under s p e c i f i e d  
cond i t i ons  of s a f e t y  upon t h e  i n g e s t i o n  of a f l o c k  of e i g h t  1.5 pound b i r d s .  
Cons idera t ion  has been g iven  i n  r ecen t  yea r s  t o  i nc lude  b i r d s  h e a v i e r  t h a n  1.5 
pounds i n  t h i s  "medium b i r d "  c e r t i f i c a t i o n  t e s t .  A l l  t h e  a p p l i c a b l e  p o r t i o n s  
of t h e  c u r r e n t  (March 1984) s tandard  r e l a t i n g  t o  b i r d  i n g e s t i o n  a r e  summarized 
i n  appendix A. 

Table  2.1 l is ts  each of t h e  engine models covered i n  t h i s  s tudy ,  a long  w i t h  i t s  
manufacturer ,  t akeo f f  t h r u s t ( s ) ,  bypass r a t i o ( s ) ,  f a n  t i p  d iameter ,  i n l e t  a r e a  
and y e a r ( s )  i n  which it was c e r t i f i e d .  A l l  engines except  t h e  V2500 and CFM56 
have i n l e t  a r e a s  l a r g e r  t han  3900 square  inches  and, t h u s ,  r e q u i r e  a n  e i g h t -
b i r d  "medium b i rd"  c e r t i f i c a t i o n  t e s t .  The CFM56-5 was c e r t i f i e d  w i t h  seven 
1.5-pound b i r d s  and t h e  V2500-A1 w i t h  s i x .  

The above engine models have been i n s t a l l e d  i n  t h e  fo l lowing  types  of a i r c r a f t :  
B747, B757, B767, DC10, MD11, A300, A310, and A320. The B747 has  f o u r  engines  
w h i l e  t h e  D C l O  and M D l l  each have t h r e e  engines .  The r e s t  a r e  a l l  two-engine 
a i r c r a f t .  A l l  engines a r e  wing-mounted w i t h  t h e  except ion  of a s i n g l e  t a i l -
mounted engine on t h e  D C l O  and MD11. Table 2.2 i n d i c a t e s  t h e  approximate number 
of a i r c r a f t  i n  s e r v i c e  f o r  each a i r c r a f t  t ype  inc luded  i n  t h i s  s tudy ,  broken down 
according t o  engine model. The numbers r e p r e s e n t  t h e  worldwide a i r c r a f t  f l e e t ,  
which is  growing s t e a d i l y ,  a s  of May 1990. The t o t a l  of 1162 a i r c r a f t  i s  roughly 
75 percent  of t h e  f l e e t  s i z e  i n  t h e  1981-1983 FAA s tudy ,  r e f e r e n c e  1. Note t h a t  
a r e l a t i v e l y  smal l  number of D C l O ' s  ( t h o s e  equipped w i t h  JT9-59A engines)  a r e  
represented  i n  t h i s  s tudy .  The MD11, which en te red  commercial s e r v i c e  i n  
December 1990, w i l l  be included i n  t h e  f i n a l  r e p o r t  f o r  t h i s  s tudy .  

An " a i r c r a f t  opera t ion"  i s  simply one complete f l i g h t  c y c l e  of an  a i r p l a n e .  (See 
Glossary f o r  formal d e f i n i t i o n . )  It was no t  p o s s i b l e  t o  u t i l i z e  O f f i c i a l  A i r l i n e  
Guide computer t a p e s  t o  d e r i v e  o p e r a t i o n a l  d a t a  a s  i n  prev ious  s t u d i e s  [ l  and 
21 because t h e s e  t a p e s  do no t  d i s t i n g u i s h  between B747, A300 and D C l O  a i r c r a f t  
having o l d e r  engines and those  w i t h  t h e  newer engine models inc luded  i n  t h i s  
s tudy .  A l l  o p e r a t i o n a l  d a t a ,  i nc lud ing  e s t i m a t e s  of United S t a t e s  (50 s t a t e s )  
and f o r e i g n  (non-United S t a t e s )  ope ra t ions ,  were obta ined  from t h e  engine 
manufacturers  . 
Figure  2.1 c h a r t s  t h e  number of monthly worldwide a i r c r a f t  o p e r a t i o n s  f o r  t h e  
e n t i r e  f l e e t  of a i r c r a f t  under cons ide ra t ion .  These numbers correspond t o  t h e  
d a t a  con t r ibu ted  f o r  t h i s  r e p o r t  by each engine manufacturer ,  i . e . ,  t h e r e  a r e  
no o p e r a t i o n a l  d a t a  from GE f o r  t h e  per iod  January 1 through June 30, 1989 
(months 1 through 6 )  o r  from PW f o r  September 1990 (month 21) .  These f a c t s ,  
a long  w i t h  a s t eady  growth i n  t h e  a i r c r a f t  f l e e t  over  t h e  r e p o r t i n g  pe r iod ,  
account f o r  t h e  l a r g e  v a r i a t i o n  i n  monthly t o t a l s .  I n  t h e  f i g u r e ,  t h e  number 
of ope ra t ions  f o r  any g iven  month i s  cumulat ive.  For example, RR repor t ed  
approximately 20,000 ope ra t ions  w i t h  a i r c r a f t  included i n  t h i s  s tudy  dur ing  
month 16 (Apr i l ,  1990) wh i l e  PW and GE each had about 50,000 ope ra t ions .  



TABLE 2 .1 .  ENGINE MODELS 

ENGINE 
MODEL MANUF. 

PW 

GE 

RR 

IAE 
CFMI 

TAKEOFF 
THRUST 

(1000 LB) 

53-56 
53 
53 

48-56 
37-41 
52-60 

48 
52-60 
37.4 

40-43 
58 

60.6 
25 
25 

FAN INLM' 
BYPASS D I M  D I M  YEAR (S) 
RATIO (IN.) (IN.) CERTIFIED 

TABLE 2 .2 .  AIRCRAFT FLEET 

, . 
MANUF . ENG.MODEL A300 B767 DClO MDll TOTALS 

PW 

GE 

RR 

IAE 
CFMI 

JT9D-7Q 
JT9D-59A 
JT9D-70A 
JT9D-7R4 
PW2000 
PW4000 
CF6-80A 
CF6-80C2 
RB211-535C 
RB211-535E4 
RB211-524G 
RB211-524H 
V2500-A1 
CFM56-5 

24 

19 

9 

48 

TOTALS 100 





As noted in the Introduction, the IAE and CFMI operational data were collected 
by PW and GE, respectively, and correspond to their reporting periods. 

Figure 2.2 indicates the total number of worldwide aircraft operations for each 
aircraft type, broken down by United States and foreign categories. As in the 
previous figure, these numbers correspond tothe reporting periods of each engine 
manufacturer. The B757 and B767 flew the largest number of both domestic and 
worldwide operations. The five remaining aircraft types operated in a predom-
inantly foreign environment. Overall, about 70 percent of the total fleet's 
operations were foreign. The precise numbers used to generate figure 2.2 can 
be found in table 3.1. Although worldwide operational data are believed to be 
fairly accurate, the breakdowns according to United States and foreign stemmed, 
in some cases, from educated guesses by the engine manufacturers and should be 
viewed as approximations. 





3. INGESTION EVENTS AND RATES. 

In this section various types of bird ingestion events are defined and their 
frequencies of occurrence are discussed. Although the current: study attempts 
to document all incidents of bird ingestions into the requisite engines, it is 
likely that many such occurrences remain undiscovered or go unreported. It 
should be emphasized that only "reported" bird ingestions can be discussed here. 

An "aircraft ingestion event" (usually abbreviated as "aircraft ingestion" or 
"aircraft event") occurs when one or more birds are simultaneously ingested into 
one or more engines of an aircraft during an aircraft operation. (See Glossary 
for formal definition.) 

Three hundred and eighty-one (381) aircraft events are reported on herein. One 
of these was a foreign event in which the aircraft type is unknown. Figure 3.1 
depicts the aircraft type for the remaining 380 events and indicates whether they 
occurred inside or outside the United States. This latter information is unknown 
for 14 of the events. Of those remaining, only 34 occurred in the United States 
while 333 were foreign. There were no reported United States ingestions for the 
A300 aircraft and only one for the A310. (The DClO also had no United States 
ingestions since it flew no United States operations configured with JT9D-59A 
engines.) There appears to be a disproportionately small number of United States 
ingestion events. 

It is more meaningful, however, to consider the number of ingestions relative 
to the frequency of exposure. An "ingestion rate" is obtained by dividing a 
quantity of ingestion events by the corresponding number of operations. Figure 
3.2 is a histogram of reported aircraft ingestion rates for each aircraft type, 
broken down by United States, foreign, and worldwide categories. As is customary, 
these rates are expressed in units of ingestions per 10,000 aircraft operations. 
Only the A320 and B747 had reported United States ingestion rates greater than 
two, with the latter's actually being more than its foreign counterpart. The 
A300, A310, B7.57, and B767 all had substantially higher foreign ingestion rates 
than domestic. Surprisingly, the only four-engine aircraft (B747) had a lower 
worldwide ingestion rate than four other aircraft types. 

Table 3.1 summarizes aircraft ingestions, operations, and ingestion rates 
according to aircraft type and United States/foreign/worldwide. The numbers 
therein were used to generate figures 2.2, 3.1, and 3.2. The reported worldwide 
ingestion rate for the entire fleet is currently 1.85 (per 10,000 operations), 
compared to 2.33 in 1981-83 [l]. The current foreign rate, 2.34, is more than 
four times the domestic rate of 0.54. In the 1981-83 study [ I ] ,  the foreign 
rate was approximately 2.5 times the domestic rate. Two possible explanations 
for this disparity are that (1) bird control measures have been relatively more 
effective over the past decade at domestic airports than at airports outside 
the United States, and (2) foreign carriers are presently more diligent than 
domestic carriers in reporting bird ingestions. It is conceivable that the 
spate of mergers and bankruptcies among domestic carriers has been a contributing 
factor to the low United States ingestion rate. For example, one bankrupt major 
domestic carrier, which has since ceased flying altogether, reported no bird 
ingestions although it flew a considerable number of operations during the 
reporting period with aircraft included in this study. 
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US 

FOREIGN 

WORLD 

DCLBA 3 0 0  A 3 2 0  8767 FLEETA 3 1 0  8747 8767 

FIGURE 3.2. INGESTION RATES BY AIRCRAFT TYPE, US/FOREIGN/WORLDWIDE 



TABLE 3.1. OPERATIONS, INGESTIONS AND INGESTION PATES BY AIRCRAFT TYPE 

AIRCRAFT 
INGESTIONS 

US FOR UNK WW 

AIRCRAFT 
OPERATIONS 

US FOR WW 

INGESTION RATES 
(PER 10,000 OPS.) 
US FOR WW 

A300 0 25 
A310 1 62 
A320 3 41 
B747 9 40 
B757 15 34 
B767 6 119 
DClO 0 11 
unka/cO 1 

0 25 
0 63 
0 44 
7 56 
1 50 
6 131 
0 11 
0 1 

32,824 147,064 179,888 
16,333 262,678 279,012 
12,276 122,633 134,909 
36,624 217,121 253,745 
375,117 262,689 637,806 
158,279 367,366 525,645 

0 45,671 45,671 

0.00 
0.61 
2.44 
2.46 
0.40 
0.38 
-

1.70 
2.36 
3.34 
1.84 
1.29 
3.24 
2.41 

1.39 
2.26 
3.26 
2.21 
0.78 
2.49 
2.41 

TOTALS 34 333 14 381 631,453 1,425,222 2,056,676 0.54 2.34 1.85 



Because of the staggered start of data collection, any attempt to derive seasonal 
effects on the bird ingestion phenomenon by simply counting monthly aircraft 
ingestions could prove misleading. Again, it makes more sense to look at 
ingestion rates. Figure 3.3 plots reported worldwide ingestion rates by month 
and year for each of the 21 months of data. In general, the rates are highest 
from June to October and lowest in December and January. Strictly speaking, this 
does not show seasonal effects since aircraft operations could not: be broken down 
according to hemisphere. However, only 27 of the 381 aircraft events are known 
to have occurred in the Southern Hemisphere and the preponderance of aircraft 
operations were in the Northern Hemisphere. 

Some indication of the phase of flight during which an ingestion took place was 
given for 225 of the 381 aircraft events. Figure 3.4 summarizes these data as 
reported by the engine manufacturers. All but one event: (a cruise) involved a 
flight phase near an airport. The aircraft: ingestions are fairly equally divided 
between departure (102) and arrival (118) phases. Sixty-two (62) of the former 
events and 55 of the latter took place on the runway. 

In 16 aircraft events, more than one engine of the aircraft ingested a bird, 
i .e., there were 16 "multiple engine events. I' All of these involved two engines 
of the aircraft. Figure 3.5 illustrates, according to aircraft type, bath the 
frequencies and rates of multiple engine ingestion events, worldwide. The rates 
are given in units of ingestions per million aircraft operations. The aircraft 
in four of the multiple engine events were B747's while the remaining 12 events 
involved both engines of two-engine aircraft. The B747 multiple engine ingestion 
rate is slightly over twice the composite rate for all two-engine aircraft. The 
current overall fleet multiple ingestion rate of 7.82 is roughly 80 percent of 
the 9.86 rate in the previous study [l]. Multiple engine ingestion events are 
of particular interest because they are a prerequisite for the loss of an 
aircraft due to bird ingestion. They are summarized, along with other types of 
events to be discussed later in this section, in table 3.2. 

Since 397 different engines ingested one or more birds, a total of 397 "engine 
ingestion events" (usually abbreviated as "engine events" or "engine ingestions") 
occurred during the reporting period. (See Glossary for formal definition.) 

When more than one bird is ingested into an engine, the corresponding aircraft 
and engine ingestion events are called "multiple bird aircraft events" and 
"multiple bird engine events," respectively. There were 35 multiple bird engine 
events. Specific numbers of birds that were ingested in these events are 
discussed in Section 4. In 29 aircraft events, at least one engine of the 
aircraft ingested more than one bird; i.e., there were 29 multiple bird aircraft 
events. Of these, eight were also multiple engine events. 

Each multiple engine or multiple bird aircraft event falls into precisely one 
of the following categories: single engine-multiple bird (SEMB), multiple engine- 
multiple bird (MEMB), and multiple engine-single bird (MESB). These are all 
considered to be "significant events." Other events defined to be "significant" 
in this study are involuntary power loss, transverse fracture of a fan blade, 
and airworthiness effects. The last category encompasses any flight safety-
related incident not covered by the previous categories. 

Table 3.2 summarizes, in chronological order, the 42 significant events that were 
reported. The 16 multiple engine events are seen to be evenly split between 
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TABLE 3 .2 .  SIGNIFICANT EVENTS 

DATE A / C  ENGINE S I G N I F I C A N T  EVENT US / FOR P O F  

R B 2 1 1  5 3 5 C  MESB FOR 
J T 9 D  7 0 A  AIRWORTHY FOR 
4 0 0 0  4 1 5 2  SEMB FOR 
J T 9 D  7R4D MESB FOR 
J T 9 D  7R4G2 SEMB 
J T 9 D  7R4D SEMB FOR 
J T 9 D  5 9 A  SEMB,INVOLUNTARY POWER LOSS FOR 
J T 9 D  7R4G2 AIRWORTHY FOR 
C F 6  8 0 C 2  SEMB FOR 
V 2 5 0 0  A l  SEMB FOR 
C F 6  8 0 C 2  SEMB FOR 
C F 6  8 0 C 2  TRANSVERSE FRACTURE FOR 
4 0 0 0  4 0 5 6  MEMB us  
J T 9 D  74 MEMB,TRANSVERSE FRACTURE u s  
4 0 0 0  4 0 6 0  SEMB 
R B 2 1 1  5 3 5 C  MESB FOR 
4 0 0 0  4 0 6 0  SEMB FOR 
J T 9 D  7R4D MEMB FOR 
4 0 0 0  4 0 6 0  SEMB FOR 
C F 6  8 0 C 2  MESB FOR 
C F 6  8 0 C 2  SEMB,TRANSVERSE FRACTURE FOR 
J T 9 D  7R4D SEMB FOR 
R B 2 1 1  5 3 5 C  SEMB FOR 
CFM56 5 MESB FOR 
C F 6  8 0 A  MEMB FOR 
R B 2 1 1  5 3 5 C  SEMB FOR 
C F 6  8 0 A  SEMB FOR 
J T 9 D  7 R 4  SEMB FOR 
C F 6  8 0 C 2  MESB FOR 
J T 9 D  7 R 4 E  MESB FOR 
4 0 0 0  4 0 5 6  SEMB 
C F 6  8 0 C 2  MESB FOR 
J T 9 D  7R4D MEMB FOR 
CFM56 5 SEMB FOR 
C F 6  8 0 C 2  SEMB FOR 
CFM56 5 SEMB FOR 
J T 9 D  5 9 A  INVOLUNTARY POWER LOSS FOR 
CFM56 5 SEMB FOR 
R B 2 1 1  5 3 5 E 4  MEMB u s  
2 0 0 0  2 0 3 7  TRANSVERSE FRACTURE u s  
2 0 0 0  2 0 3 7  MEMB u s  
C F 6  8 0 C 2  MEMB FOR 



d e p a r t u r e  and a r r i v a l  phases of f l i g h t .  (The acronyms used f o r  phases of  f l i g h t  
a r e  def ined  i n  appendix C. )  S i x  ( 6 )  even t s  a r e  known t o  have r e s u l t e d  i n  a n  
invo lun ta ry  power l o s s ,  f o u r  of which involved t h e  t r a n s v e r s e  f r a c t u r e  of a f a n  
b lade .  A l l  s i x  occurred dur ing  depa r tu re .  I n  a d d i t i o n  t h e r e  were two 
"a i rwor th iness"  events--one involv ing  ex tens ive  cowl damage ( even t  16)  and t h e  
o t h e r  (event  39) r e s u l t i n g  i n  a r educ t ion  from t h e  planned f l i g h t  a l t i t u d e .  
S i g n i f i c a n t  events  warran t  c l o s e  s c r u t i n y  because of t h e i r  bea r ing  on f l i g h t  
s a f e t y  and a r e  d iscussed  i n  f u r t h e r  d e t a i l  i n  t h e  ensuing s e c t i o n s .  

The a i r p o r t  near  which t h e  i n g e s t i o n  occurred was a b l e  t o  be i d e n t i f i e d  i n  226 
(60 pe rcen t )  of t h e  a i r c r a f t  events .  A l l  t o l d ,  a i r c r a f t  i n g e s t i o n s  a r e  known 
t o  have taken  p l ace  i n  t h e  v i c i n i t y  of 11 domestic and 109 f o r e i g n  a i r p o r t s  
dur ing  t h e  r e p o r t i n g  per iod .  Of t h e  155 a i r c r a f t  even t s  i n  which t h e  a s s o c i a t e d  
a i r p o r t  could n o t  be determined, i t  i s  known t h a t  14  occurred  i n  t h e  United 
S t a t e s  and 129 were fo re ign .  Table 3.3 l i s t s  a l l  a i r p o r t s  a t  which a i r c r a f t  
i n g e s t i o n s  a r e  known t o  have occurred and t a l l i e s  t h e  a i r c r a f t  t ypes  involved 
a t  each a i r p o r t .  Th i r t een  of t h e  a i r p o r t s ,  two of which a r e  i n  t h e  United 
S t a t e s ,  experienced fou r  o r  more a i r c r a f t  i nges t ions .  One of t h e s e  a i r p o r t s  had 
t e n  known events  and two o t h e r s  each had seven. The a i r p o r t s  a r e  organized  i n t o  
e i g h t  geographica l  reg ions :  North America, South America, Europe, A f r i c a ,  As ia ,  
Australia-New Zealand, P a c i f i c ,  and Middle Eas t .  For t h i s  purpose,  Japan and 
Thai land a r e  considered t o  be i n  t h e  P a c i f i c  reg ion ,  Korea i n  Asia ,  and Cyprus 
i n  t h e  Middle Eas t .  A l l  remaining a i r p o r t  l o c a t i o n s  seem t o  f a l l  n a t u r a l l y  i n t o  
a unique reg ion .  XUS ( r e s p .  XFO) des igna te s  an unknown l o c a t i o n  known t o  be i n  
( r e s p .  o u t s i d e )  t h e  United S t a t e s .  XXX i n d i c a t e s  a l o c a t i o n  n o t  known s p e c i f -
i c a l l y  t o  be domestic o r  fo re ign .  I n  two cases ,  a i r p o r t s  des igna ted  XXX a r e  
known t o  be i n  North America. 



TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE 

AIRPORT 

ANC 
BOS 
DCA 
JFK 
LAX 
MCO 
MEM 
ORD 
PAE 
PIE 
SF0 
XFO 
XUS 
XXX 
YUL 
YVR 
YYZ 

AIRPORT 

BUE 
GRU 
IGU 
LIM 
MA0 

N.AMERICA 

LOCALE 

ANCHORAGE, ALASKA 
BOSTON,MASS. 
WASHINGTON-NATIONAL,DC 
NEW YORK-JFK,NY 
LOS ANGELES,CAI,. 
ORLANDO, FLORIDA 
MEMPHIS,TENN. 
CHICAG0,ILLINOIS 
EVERETT,WASHINGTON 
ST.PETERSBURGH,FLA. 
SAN FRANCISC0,CAL. 
UNKNOWN, CANADA 
UNKNOWN, US 
UNKNOWN,N.AMERICA 
MONTREAL, CANADA 
VANCOWER, CANADA 
TORONTO, CANADA 

REGION TOTALS 

S.AMERICA 

LOCALE 

BUENOS AIRES,ARGENTINA 
SAO PAUL0,BRAZIL 
IGUASSA FALLS,BRAZIL 
LIMA, PERU 
MANUS, BRAZIL 

AIRCRAFT AIRPORT 
A A A B B B D  TOTALS 
3 3 3 7 7 7 c  
0 1 2 4 5 6 1  
0 0 0 7 7 7 0  

AIRCRAFT AIRPORT 
A A A B B B D  TOTALS 
3 3 3 7 7 7 c  
0 1 2 4 5 6 1  
0 0 0 7 7 7 0  

REGION TOTALS 0 0 0 1 0 4 0  5 



TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 

EUROPE 

AIRPORT LOCALE AIRCRAFT AIRPORT 
A A A B B B D  TOTALS 
3 3 3 7 7 7 c  
0 1 2 4 5 6 1  
0 0 0 7 7 7 0  

AMS AMSTERDAM,NETHERLANDS 1 5 1 3  
BCN BARCELONA,SPAIN 1 
BEG BELGRADE,YUGOSLAVIA 1 
BFS BELFAST,N.IRELAND,UK 3 
BRE BREMEN,GERMANY 1 1  
BRU BRUSSELS,BELGIUM 2 1 
BSIJ BASEL, SWITZERLAND 1 1 
CDG PARIS-CDG,FRANCE 2 3 1 1  
CFU CORFU,GREECE 1 
CPH COPENHAGENIDENMARK 2 
DUS DUSSELDORF, GERMANY 1 3  
FRA FRANKFURT, GERMANY 2 1 
GRQ GRONINGEN,NETHERLANDS 1 
GVA GENEVA,SWITZERLAND 2 
KAM HAMBURG,GERMANY 1 1 1  
HER HERAKLION,GREECE 1 
IBZ IBIZIA,SPAIN 1 
KEV KEVLAVICK,ICELAND 1 
LBA LEEDS-BRADFORD, ENGLAND ,UK 1 
LGW LONDON-GATWICK, ENGLAND ,UK 1 1  
LHR LONDON-LHR,ENGLAND,UK 2 2 
LIL LILLE, FRANCE 3 
U U  WUBLJANA,YUGOSLAVIA 1 
LTN LONDON-LUTON,ENGLAND,UK 1 
LXS LEMNOS, GREECE 1 
LY S LYON,FRANCE 2 
MGQ MI SKOLC ,HUNGARY 1 
MUC MUNICH, GERMANY 3 
NCE NICE,FRANCE 1 
NTE NANTES, FRANCE 1 
ORY PARIS-ORLY,FRANCE 1 1 
PIK PRESTWICK, SCOTLAND, UK 1 
PMI PALMA, MALLORCA ,SPAIN 2 
SXF E.BERLIN,GERMANY 2 
TIV TIVAT,YUGOSLAVIA 1 
TLS TOULOUSE, FRANCE 2 2 
VCE VENICE,ITALY 1 
VIE VIENNA,AUSTRIA 1 
WAW WARSAW,POLAND 2 
XFO UNKNOWN, EUROPE 2 1 6  
ZRH ZURICH,SWITZERLAND 1 

REGION TOTALS 2 19 27 10 22 1 5  0 95 



TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 

AIRPORT 

DPS 
FUK 
HIJ 
HND 
JKT 
KCZ 
KIJ 
MY J 
NGO 
NRT 
OIT 
OKA 
OKJ 
OSA 
PEN 
SDJ 
SHI 
SIN 
SPK 
TAK 
TOY 
TPE 
TYO 
XFO 

PACIFIC 

LOCALE 

DENPASAR,BALI 
FUKUOKA,JAPAN 
HIROSHIMA,JAPAN 
TOKYO-HND,JAPAN 
JAKARTA, INDONESIA 
KOCH1,JAPAN 
NIGATA,JAPAN 
MATSUYAMA,JAPEUJ 
NAGOYA,JAPAN 
TOKYO-NRT,JAPAN 
OITA, JAPAN 
OKINAWA,JAPAN 
OKAYAMA, JAPAN 
OSAKA,JAPAN 
PENANG, MALAYSIA 
SENDA1,JAPAN 
SHIMOJISHIMA,JAPAN 
SINGAPORE 
SAPPOR0,JAPAN 
TAKAMATSU,JAPAN 
TOYAMA,JAPAN 
TAIPE1,TAIWAN 
TOKYO-TY0,JAPAN 
UNKNOWN,PACIFIC 

REGION TOTALS 

AIRCRAFT AIRPORT 
A A A B B B D  TOTALS 
3 3 3 7 7 7 c  
0  1  2  4  5  6  1  
0 0 0 7 7 7 0  



TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 

ASIA  

AIRPORT 

BOM 
CCU 
DEL 
HKG 
KHI 
KTM 
KUH 
PAU 
PEK 
SEL 
SHA 
TRV 
XFO 

AIRPORT 

AKL 
BNE 
LST 
PER 
RMA 
SYD 
WLG 

LOCALE 

BOMBAY,INDIA 
CALCUTTA,INDIA 
DELH1,INDIA 
HONG KONG 
KARACH1,PAKISTAN 
KATHMANDU,NEPAL 
KUSHIR0,INDIA 
PAUK,BURMA 
BEIJING,CHINA 
SEOUL,KOREA 
SHANGHA1,CHINA 
TRIVANDRUM,INDIA 
UNKNOWN,ASIA 

REGION TOTALS 

LOCALE 

AUCKLAND,NEW ZEALAND 
BRISBANE, AUSTRALIA 
LAUNCESTON,AUSTRALIA 
PERTH,AUSTRALIA 
ROMA, AUSTRALIA 
SYDNEY,AUSTRALIA 
WELLINGTON,NEW ZEALAND 

REGION TOTALS 

AIRCRAFT 
A B B B D  
3 7 7 7 c  
2 4 5 6 3  
0 7 7 7 0  

1 1  

2 1 
1 

1 
1 

1 

AIRCRAFT 
A B B B D  
3 7 7 7 C  
2 4 5 6 1  
0 7 7 7 0  

AIRPORT 
TOTALS 

AIRPORT 
TOTALS 



TABLE 3 . 3 .  A I R C R A F T  I N G E S T I O N S  BY A I R P O R T  AND A I R C R A F T  T Y P E  (Continued) 

MIDDLE EAST 

AIRPORT 

AMM 
ANK 
AYT 
DHA 
ETH 
IST 
JED 
LCA 
RUH 
SHJ 
TLV 
XFO 

AIRPORT 

BJL 
EBB 
HRE 
KRT 
MBA 
NBO 
WDH 

LOCALE 

AMMAN,JORDAN 
ANKARA, TURKEY 
ANTALYA, TURKEY 
DHAHRAN,SAUDI ARABIA 
ELAT,ISRAEL 
ISTANBUL,TURKEY 
JEDDAH,SAUDI ARABIA 
LARNACA,CYPRUS 
RIYADH,SAUDI ARABIA 
SHARJAH,UA EMIRATES 
TEL AVIV,ISRAEL 
UNKNOWN,MIDDLE EAST 

REGION TOTALS 

AFRICA 

LOCALE 

BANJUL,GAMBIA 
ENTEBBE, UGANDA 
I-IARARE,ZIMBABWE 
KHARTOUM,SUDAN 
MOMBASA,KENYA 
NAIROB1,KENYA 
WINDHOEK,NAMIBIA 

REGION TOTALS 

AIRCRAFT AIRPORT 
A B B B D  TOTALS 
3 7 7 7 c  
2 4 5 6 1  
0 7 7 7 0  

6 12 

AIRCRAFT AIRPORT 
A A A B B B D  TOTALS 
3 3 3 7 7 7 c  
0 1 2 4 5 6 1  
0 0 0 7 7 7 0  



4. CHARACTERISTICS OF INGESTED BIRDS. 

The numbers, species ,  and weights of b i r d s  t h a t  were ingested i n t o  t h e  engines 
a r e  discussed i n  t h i s  sec t ion.  The b i r d  species  and weight w e r e  determined by 
l icensed o r r ~ i t l ~ o l o g i s t supon examination of b i r d  remains recovered from t h e  
engines. Numbers of b i r d s  were est imated by represen ta t ives  of t h e  engine 
manufacturers, usual ly  from t h e  loca t ions  and p a t t e r n s  of b i r d  debr i s  i n  t h e  
engines. 

Table 4.1 summarizes t h e  data  concerning numbers of b i r d s  ingested.  Three 
hundred and f i v e  (305) of t h e  engine inges t ions  involved only a s i n g l e  b i r d  while 
35 were determined t o  1w mult ip le  b i r d  events. Some es t imate  of t h e  number of 
b i r d s  ingested was o b t ~ i n e d  i n  742 of the  397 engine events.  I n  19 of these  
events t h e  exact numb~r could not be determined but  r a t h e r  a minimum and/or 
maximum number was given. Four o r  more b i r d s  a r e  known t o  have been inges ted  
s i x  t i m e s .  Four of these  events were fore ign and t h e  o the r  two occurred i n  a 
B747 mul t ip le  engine-multiple b i rd  inges t ion  of 14-ounce common rock doves a t  
Los Angeles (event 138). (See Section 5 . )  Estimates of b i r d  numbers were given 
a s  "one o r  more" f o r  two engine ingest ions.  T t  t he re fo re  remains undetermined 
whether these  events (154 and 159) were s i n g l e  o r  mul t ip le  b i r d  inges t ions .  

Despite considerable e f f o r t  by t h e  d a t a  c o l l e c t o r s ,  b i r d  remains were recovered 
i n  only 119 of t h e  381 a i r c r a f t  events. To da te ,  i d e n t i f i c a t i o n s  have been made, 
each y ie ld ing  a unique species  and weight, i n  105 of these  a i r c r a f t  events .  
S ixteen of these  a r e  domestic events and 87  a r e  fore ign.  It could not be 
determined whether t h e  inges t ion took place  i n s i d e  o r  ou t s ide  t h e  United S t a t e s  
i n  two events f o r  which a species  i d e n t i f i c a t i o n  was made. These a r e  event 137 
( a  1-5-ounce horned l a r k )  and event 130 ( a  10-ounce black-headed g u l l ) .  

Table 4.2 summarizes t h e  data  regarding b i r d  species .  The species  codes a r e  
taken from reference  4. The number of a i r c r a f t  inges t ions  (United S t a t e s ,  
fore ign,  and worldwide) a r e  t a l l i e d  f o r  each species  known t o  have been ingested.  
Since weights f o r  a given species  can vary according t o  sex, matur i ty ,  and 
geographical loca t ion ,  t h e  modal (most common) est imated ingested weight and t h e  
range of est imated weights a r e  a l s o  given f o r  each species .  The t a b l e  i s  ordered 
by modal weight. Also indicated  is  t h e  number of s i n g l e  engine-multiple b i r d  
(SEMB), mul t ip le  engine-single b i rd  (MESB) and mul t ip le  engine-multiple b i r d  
(MEMB) a i r c r a f t  events  i n  which each species  was involved. The common lapwing, 
black-headed g u l l ,  common rock dove and he r r ing  g u l l  were the  most f requent ly  
i d e n t i f i e d  species .  Together they account f o r  31 percent  of t h e  a i r c r a f t  
inges t ions  i n  which a v e r i f i e d  species  was obtained. The "mult iple events" 
column ind ica tes  t h a t  t h e  common lapwing, black-headed g u l l ,  and h e r r i n g  g u l l  
a r e  a l s o  t h e  most pervasive f locking b i r d  species  being encountered. The i n i t i a l  
two species  a r e  "small" b i r d s ,  having modal weights of 8 and 10 ounces, whi le  
t h e  he r r ing  g u l l  modal weight i s  40 ounces. Two "bat" events  of 0.3 and 0.5 
ounces a r e  included i n  t h e  data ,  t h e  l a t t e r  being a mul t ip le  engine event (24). 

A 1 1  105 v e r i f i e d  b i r d  weights a r e  tabula ted  i n  t a b l e  4.3. The unique weights 
a r e  l i s t e d  i n  ascending order,  and t h e  number of United S t a t e s ,  fore ign,  and 
worldwide a i r c r a f t  inges t ions  a r e  given f o r  each. Summary s t a t i s t i c s  ( a s  defined 
i n  appendix B )  a r e  given i n  t a b l e  4.4 f o r  each of these  t h r e e  geographical weight 
groupings. The mean, median, and mode f o r  domestic weights a r e  each seen t o  be 
l a r g e r  than t h e i r  fore ign counterparts .  



TABLE 4 . 1 .  

# OF BIRDS 

1 
2 
3 
4 

1 OR MORE 
2 OR MORE 
5 OR MORE 

6 TO 1 7  
4 TO 5 

UNKNOWN 

TOTALS 

NUMBERS OF INGESTED B I R D S  

FOREIGN UNKNOWN WORLDWIDE 



TABLE 4.2 .  BIRD SPECIES 

SPECIES 

LITTLE BROWN BAT 
DON-SMITH'S NIGHTJAR 
FORK-TAILED SWIFT 
CHIMNEY SWIFT 
COMMON SKYLARK 
HORNED LARK 
AMERICAN ROBIN 
SCHRENDK'S BITTERN 
WHT-THT'D NDLE-TLD SWIFT 
KILLDEER 
COMMON NIGHT HAWK 
MOURNING DOVE 
AMERICAN KESTREL 
RING-NECKED DOVE 
COMMON SNIPE 
SENEGAL COUCAL 
BANDED PLOVER 
COMMON LAPWING 
EURASIAN KESTREL 
GREATER KESTREL 
BLACK-HEADED GULL 
GRAY-HEADED LAPWlNG 
RED-BILLED GULL 
COMMON BARN OWL 
COMMON ROCK DOVE 
HUNGARIAN PARTRIDGE 
COMMON SAND MARTIN 
RED-LEGGED PARTRIDGE 
EURASIAN STONE CURLEW 
RING-BILLED GULL 
LITTLE EGRET 
CHUKAR 
CARRION CROW 
BLACK-TAILED GULL 
BLACK-CROWNED NITE HERON 
AFRICAN EAGLE OWL 
BLACK KITE 
COMMON POCHARD 
GREATER SCAUP 
HERRING GULL 
MALLARD DUCK 
RING-NECKED PHEASANT 
WESTERN GULL 
JAR FALCON 
GLAUCOUS-WINGED GULL 
BLACK WLTURE 
HELMETED GUINEA FOWL 
OSPREY 
EGYPTIAN WLTURE 
AFRICAN FISH EAGLE 
CANADA GOOSE 
INDIAN WHT-BCKD WLTURE 

SPECIES MODAL WEIGHT MULTIPLE 
CODE WT (02 .) RANGE(OZ.) US/ FOR/WW EVENTS 

BAT 
5T55 
lU70 
1U33 
17 27 2 
17274 
412314 
119 
lU? 
5N3 3 
5T5 
2P105 
5K2 6 
2P61 
6N4 7 
2R127 1SEMB 
5N23 
5N1 2SEMB 2MESB 
5K2 7 
5K2 4 
14N36 2SEMB 2MEMB 
5N20 15emb 
14N? 
1S2 
2P1 lMEMB 
4L85 lSEMB 
18229 
4141 
6N? lSEMB 
14N12 
1150 
4L37 lMEMB 
22294 
14N10 
1124 
2844 
3K28 
2J115 1 SEMB 
2J124 lMEMB 
14N14 2SEMB lMEMB 
2584 
4L161 lMEMB 
14N19 
5N?? 
l4N2 2 
1K4 
5L3 
2Kl 
3K4 3 
3K?? 
2530 
3K46 

TOTALS 16 87 105 



TABLE 4.3. BIRD WEIGHTS BY USIFOREIGNIWORLDWIDE 

BIRD 
WEIGHT FOREIGN UNKNOWN WORLDWIDE 

TOTALS 



TABLE 4.4. BIRD WEIGHT SUMMARY STATISTICS - CURRENT STUDY 

STATISTIC 

SAMPLE SIZE 
MEAN 
MEDIAN 
MODE 
STD. DEVIATION 
MINIMUM 
MAXIMUM 
LOWER QUARTILE 
UPPER QUARTILE 

FOREIGN WORLDWIDE 

STATISTIC 

SAMPLE SIZE 
MEAN 
MEDIAN 
MODE 
STD. DEVIATION 
MINIMUM 
MAXIMUM 
LOWER QUARTILE 
UPPER QUARTILE 

FOREIGN 

185 
26.6 
18 
24 

35 .4  
1 

2 4 0  
11 
28 

WORLDWIDE 



Summary statistics from the 1981-83 study corresponding to those in table 4.4 
are given in table 4.5. (Since only verified weights are considered in this 
report, the numbers in table 4.5 vary somewhat from those in reference 1.) 
Similarities between birdweights fromthe two studies are evident upon comparing 
these tables. The mean, median, and modal weights for all three geographic 
categories are, in general, within a few ounces of each other. Tn both studies 
the United States bird weights are, in terms of these summary statistics, larger 
than the foreign bird weights. 

It should be noted that two additional unverified bird weights, each of 8 ounces, 
were reported in the current study. They were for events 13 and 265 and were 
based on visual observation of birds at the ingestion site. Since visual weight 
estimates are notoriously inaccurate, these weights were not included in the 
above tables or in any analysis. 

For analytical purposes, each bird weight was assigned a weight class as defined 
in table 4.6. The first: class (tiny birds) includes all weights of 3 ounces or 
less. The remaining weights were grouped into successive 8-ounce intervals as 
indicated. For example, the 0.5-pound class contains all weights greater than 
3 ounces and less than or equal to 11 ounces. This scheme was chosen because 
it distinguishes between and yields intervals "centered" around 1.5, 2, and 2.5 
pounds, weights which are significant in terms of current and proposed 
certification standards. 

The 105 verified bird weights fall into 12 distinct weight classes. Figure 4.1 
indicates the frequency of aircraft ingestions of United States, foreign, and 
unknown origin for each of these weight classes. The vast majority of bird 
weights fall into the smallest three weight classes (tiny, 0.5 pound, and 1 
pound) and relatively few are in the 1.5-pound class. There are, however, a 
significant number in the 2-pound and 2.5-pound classes. Indeed, the 2.5-pound 
weight class contains more domestic bird weights (5) than any other class. Four 
of these events occurred at Kennedy International Airport in New York (68, 98, 
263, and 323) and the other (257) at Los Angeles International Airport. 

Figure 4.2 plots the cumulative distribution functions (see appendix B) for both 
IJnited States and foreign bird weights. The two distributions diverge between 
10 and 40 ounces, with a larger percentage of foreign bird weights falling into 
this range. However, apparently because of the sparse number of United States 
weights, an application of the Kolmogoroff-Smirnov Two-Sample Test (see appendix 
B) yields P = 24 percent and, thus, fails to show that the domestic and foreign 
bird weight sample distributions are indeed statistically different at a 
sufficiently high confidence level. (The corresponding distributions were shown 
to be different by this two-sample test in the previous FAA large engine study, 
reference 1.) 

It is interesting to make further comparisons between bird weights from the two 
studies. Plots comparing the IJnited States, foreign, and worldwide cumulative 
bird weight distributions from both studies are contained in figure 4.3. 
Similarities between the corresponding distributions are evident. It turns out 
to be more enlightening, however, to compare relative frequency histograms of 
weight distributions. This is done in figure 4.4(a) for domestic weights and 
figure 4.4(b) for foreign. Only the nine weight classes up to 4 pounds, as 
defined in table 4.5, are included in these figures since ingestions of weights 
over 4 pounds are very rare. In each case, the similarities are notable. Both 



TABLE 4.6. BIRD WEIGHT CLASSES - DEFINITIONS 

WEIGHT 
RANGE(oz.) 

3 or less 
3+ t o  11 

11+to  19 
19+ to  27 
27+ t o  35 
35+ t o  43 
43+ t o  5 1  
51+ to  59 
59+ to  67 
67+ t o  75 
75+ to  83 
8 3 + t o  9 1  
91+ to  99 
99+ to  107 

107+ t o  115 
115+ t o  123 
123+ to  1 3 1  
131+ t o  139 
139+ to  147 
147+ to  155 
155+ to  163 
163+ to  1 7 1  
171+ to  179 
179+ to  187 
187+ to  195 

WEIGHT 
CLASS(1bs.) 

Tiny 
.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

8.5 
9 

9.5 
10  

10.5 
11 

11.5 
12 











United States distributions are bimodal with about 45 percent of the weights in 
the 1-pound or smaller classes and about 35 percent in the 2.5-pound class. The 
foreign distributions are similar in most weight classes. Two exceptions are 
the lltiny" and 1.5-pound classes. The latter contains relatively fewer weights 
from the current study while the opposite is true for the former. 

As indicated in Section 3, there were 16 multiple engine and 29 multiple bird 
aircraft events, including 8 that fell into both categories. Bird weights, none 
of which are over 40 ounces, were obtained in 22 of these 37 events. Figure 
4.5 contains a frequency distribution of all bird weights up to the 2.5 pound 
weight class (the initial portion of figure 4.1). The numbers of single engine- 
multiple bird (SEMB), multiple engine-single bird (MESB) and multiple engine-
multiple bird (MEMB) aircraft events for each weight class are shaded as 
indicated. The single engine-single bird events (SESB) remain unshaded. The 
0.5-pound class contains the greatest number (10) of these "multiple" events, 
as well as the highest percentage (32 percent). The 1-pound and 2.5-pound 
classes each contain four "multiple" events, representing 31 percent of the 
latter's total and 21 percent of the former's. The 1.5-pound class is 
conspicuous by the absence of any multiple engine or multiple bird events. 





5. EFFECTS ON ENGINES AND FLIGHTS. 

The underlying reason for concern about ingestion of birds into aircraft engines 
is the potential for causing damage to the engines and changes to the aircraft's 
scheduled flight path by this phenomenon. Aside from economic considerations, 
these adverse effects can have severe safety repercussions. A B737 crashed on 
takeoff in Ethiopia in 1988 after both engines failed upon ingesting multiple 
birds [2]. During this study a B747 narrowly averted disaster after encountering 
a flock of pigeons during takeoff at Los Angeles (event 138). There are numerous 
other imstances of engine damage and adverse crew actions in the data. These 
deleterious effects are summarized in this section, and an attempt is made to 
provide some insight into the relationships among engine damage, effect on 
flight, and the numbers and weights of ingested birds. 

When a bird is ingested into an engine, the first moving part it typically 
contacts is the fan set. It is usually sliced into pieces by the fan blades, 
and the resulting matter can go out the bypass ducts or into the primary gas path 
(core) of the engine. Theoretically, according to the impulse-momentum principle 
of physics [5], the impulse (integral with respect to time) of the collision 
force of bird on fan set equals the product of the bird's mass with its striking 
velocity relative to the fan. For a particular fan set and location of impact, 
it is this collision force that ultimately determines the stresses, strains, and 
resulting damage, if any, to the fan blades. These may be nicks, bends, tears, 
cracks or, in worst cases, pieces of fan blade may break off. Secondary (hard 
object) damage that can be caused by these pieces is potentially more dangerous 
to both engine and aircraft than any "soft body" impact between bird matter and 
machinery. 

Thus, all other things being equal, one could expect a direct relationship 
between "severity" or "extent" of engine damage and mass (weight) of ingested 
bird. Unfortunately, "all other things" are never quite equal and it is likely 
that no two bird ingestion events are ever quite the same. There are numerous 
factors besides bird weight that can influence the effect of a bird ingestion 
on the engine: the numbers, orientation, and velocity (speed and direction) of 
the birds; the velocity of the aircraft; the speed and power of the engine; the 
location and angle of impact; and the engine design. In some cases, a bird is 
broken up by the inlet cowl and only a portion strikes the fan set. This 
occurred, for example, in event 118 in which a 12-pound vulture struck the 
leading edge of the inlet cowl and only a fraction of the bird, believed to be 
from 113 to 112, was actually ingested into the engine. 

5.1 ENGINE DAMAGE CATEGORIES. 

One hundred and eighty-five (185) of the 397 engine ingestion events (47 percent) 
were reported to have caused some damage to the engine while 211 reported no 
damage. (It remains undetermined whether event 249 caused any damage to the 
engine.) Fifteen specific categories of engine damage were tracked in the FAA 
data base and are defined in table 5.1. The data summary in appendix C specifies 
all of the damage categories which occurred in each engine event. For purposes 
of this report, each damage category was classified as "minor" or "significant", 
as indicated in table 5.1. Engine damage is defined to be "significant" if any 
"significant" category of damage occurred and "minor" if the engine was damaged, 
but not significantly. As a result of these definitions, 46 percent of damaging 



engine inges t ions  resu l t ed  i n  s i g n i f i c a n t  damage and 54 percent  i n  only minor 
damage. No attempt was made i n  t h i s  in ter im repor t  t o  f u r t h e r  quant i fy  "damage 
sever i ty"  o r  t o  determine "engine fa i lu res . "  These t o p i c s  w i l l  be addressed i n  
t h e  f i n a l  r epor t  f o r  t h i s  study. 

5.2 ENGINE DAMAGE BY B I R D  MULTIPLICITY. 

It i s  n a t u r a l  t o  ask whether mul t ip le  b i r d  inges t ions  caused "grea te r  damage" 
than s i n g l e  b i r d  inges t ions .  Table 4.1 indicated  t h a t  t h e r e  were 35 mul t ip le  
b i r d  and 305 s i n g l e  b i rd  engine events.  Table 5.2 i s  a 3 x 2 contingency t a b l e  
which c l a s s i f i e s  these  340 engine inges t ions  according t o  category of engine 
damage and s i n g l e  versus mul t ip le  b i rd .  For t h i s  t a b l e ,  chi-square = 4.91 wi th  
df = 2, y ie ld ing  P = 9%, which i s  not q u i t e  s i g n i f i c a n t  s t a t i s t i c a l l y .  (See 
appendix B f o r  a d iscuss ion of t h e  chi-square t e s t . )  

I n  t a b l e  5.2, 13/77 = 16.9 percent of s i g n i f i c a n t l y  damaging engine inges t ions  
involved mul t ip le  b i rds  whi le  t h e  corresponding frequencies a r e  only 6/85 = 7.1 
percent  and 16/178 = 9.0 percent  f o r  t h e  minor damage and no damage ca tegor ies ,  
respect ively .  This suggests combining t h e  l a s t  two rows of t a b l e  5.2 s o  t h a t  
only two damage categor ies  a r e  considered. These a r e  ( 1)  s i g n i f i c a n t  damage andd 
(2 )  minor o r  no damage. For t h e  r e s u l t i n g  2 x 2 contingency t a b l e ,  chi-square 
= 4.68 wi th  df = 1 which i s  s i g n i f i c a n t  a t  P = 3%. Hence mul t ip le  b i r d  
inges t ions  tend t o  cause s i g n i f i c a n t  damage more o f t e n  than s i n g l e  b i r d  
inges t ions .  This r e s u l t  should not be su rpr i s ing  s ince  two of t h e  def in ing 
ca tegor ies  f o r  s i g n i f i c a n t  damage, be/de>3 and torn>3, would be more l i k e l y  t o  
occur, f o r  a given b i rd  weight, i n  a mul t ip le  b i rd  inges t ion.  

I f ,  on t h e  o ther  hand, t h e  f i r s t  two rows of t a b l e  5.2 a r e  combined s o  t h a t  t h e  
two ca tegor ies  of engine damage being considered a r e  (1) damage (of any s o r t )  
and (2 )  no damage, then chi-square = 0.69 wi th  df = 1, y ie ld ing  P = 41%. It 
cannot the re fo re  be concluded t h a t  mul t ip le  b i r d  inges t ions  tend t o  be damaging 
more than s i n g l e  b i r d  inges t ions .  It should be noted t h a t  t h e  weight and 
quan t i ty  ( i f  g rea te r  than two) of b i r d s  were not  taken i n t o  considera t ion i n  t h e  
above analyses.  

5.3 ENGINE DAMAGE BY PHASE OF FLIGHT. 

Among t h e  f a c t o r s  previously mentioned which may a f f e c t  engine damage a r e  engine 
speedlpower and a i r c r a f t  ve loc i ty .  Although provision was made i n  t h e  d a t a  base 
f o r  recording t h e  engine power s e t t i n g  a t  time of inges t ion ,  t h i s  in£  ormation 
was a c t u a l l y  reported i n  only 5 of t h e  engine events,  while a i r c r a f t  speed was 
reported only 49 times. There is ,  however, a r e l a t i o n s h i p  between each of these  
f a c t o r s  and t h e  phase of f l i g h t  of t h e  a i r c r a f t .  For example, f a n  speed i s  
usual ly  over 90 percent of maximum during t h e  takeoff  and climb phases, i s  
roughly 65 percent  during f i n a l  approach, and f a l l s  below 40 percent  during 
descent and landing. Since, a s  noted i n  Section 3,  some i n d i c a t i o n  of f l i g h t  
phase was reported i n  nea r ly  60 percent  of t h e  a i r c r a f t  events ,  it i s  n a t u r a l  
t o  examine t h e  re la t ionsh ip  between phase of f l i g h t  and engine damage. 

The frequency of s i g n i f i c a n t  damage, minor damage, and no damage f o r  each 
repor ted  category of phase of f l i g h t  i s  i l l u s t r a t e d  i n  f i g u r e  5.1 f o r  t h e  237 
engine events i n  which t h i s  i n £  ormation i s  known. The "takeoff ," "takeoff  r o l l ,  " 
"climb," "landing r o l l , "  and "approachll ca tegor ies  each conta in  s e v e r a l  damaging 
events.  However, more than ha l f  of t h e  engine inges t ions  i n  each of t h e  l a t t e r  



TABLE 5.1. ENGINE DAMAGE CATEGORIES - DEFINITIOITS 

CATEGORY DESCRIPTION CLASSIFICATION 

LEADEDGE FAN BLADE LEADING EDGE DISTORTION MINOR 
BEDE<=3 1 TO 3 BENT/DENTED FAN BLADES MINOR 
TORN< = 3  1 TO 3 TORN FAN BLADES MTNOR 
SHINGLED SHINGLED (TWISTED) FAN BLADE(S) MINOR 
ACPAFNAB ACOUSTIC PANEL OR FAN RUB STRTP DAMAGED MINOR 
NACELLE ENGINE ENCLOSURE DENTED OR PUNCTURED MINOR 
BEDE>3 MORE THAN 3 FAN BLADES BENTIDENTED SIGNIFICANT 
TORN>3 MORE THAN 3 FAN BLADES TORN STGNIFICANT 
BROKEN FAN BLADE LEADING EDGE OR TIP PIECES MISSTNG SIGNIFICANT 
TRVSFRAC FAN BLADE BROKEN CHORDWISE, PIECE LIBERATED SIGNIFICANT 
RELEASED BLADE RETENTION MECHANISM FAILED SIGNIFICANT 
FLANGE FLANGE SEPARATIONS SIGNIFICANT 
CORE COKPRESSOR BLADES/VANES DMGD. OR AIRFLOW BLOCKED SIGNIFICANT 
TURBINE TURBINE DAMAGED SIGNIFICANT 
SPINNER SPINNER/CAP DAMAGED SIGNIFICANT 

TABLE 5 .2 .  ENGINE D M U G E  CATEGORIES BY BIRD M U L T I P L I C I T Y  

SINGLE MULTIPLE TOTALS 

SIGNIFICANT 64 (83.1%) 13 (16.9%) 77 
MINOR 79 (92.9%) 6 (7.1%) 85 
NONE 162 (91.0%) 16 (9.0%) 178 

TOTALS 305 35 340 
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two c a t e g o r i e s  were nondamaging. This  sugges ts  looking  a t  t h e  " r e l a t i v e  
f requencies"  of damage f o r  each phase of f l i g h t  ca tegory ,  which i s  shown i n  
f i g u r e  5.2. C l e a r l y  t h e  "climb," " t akeo f f , "  " takeoff  r o l l , "  and " t a x i "  phases 
have t h e  h i g h e s t  percentages  of bo th  minor and s i g n i f i c a n t  damage. However, as 
f i g u r e  5 .1  shows, t h e  t a x i  phase con ta ins  only two events .  Among t h e  d e p a r t u r e  
phases,  only t h e  " takeoff /c l imb"  ca tegory  (which c o n t a i n s  but  5 e v e n t s )  has  
r e l a t i v e l y  few damaging events .  These f a c t s ,  a long  w i t h  t h e  above remarks 
concerning f a n  speed i n  v a r i o u s  phases of f l i g h t ,  sugges t  grouping phases of 
f l i g h t  according t o  "departure"  arid " a r r i v a l "  f o r  a n a l y s i s  of engine  damage. 

Table 5.3 i s  a 3 x 2 contingency t a b l e  which compares t h e  aforementioned two 
phase-of -f l i g h t  c a t e g o r i e s  w i t h  t h e  u s u a l  t h r e e  c a t e g o r i e s  of engine  damage. 
I n  t h i s  t a b l e  "departure"  i nc ludes  a l l  t akeo f f  o r  climb phases w h i l e  " a r r i v a l "  
r e p r e s e n t s  t h e  descent ,  approach, o r  landing  phases.  (The f i v e  "c ru i se , "  
" r eve r se , "  o r  " t a x i "  events  have been excluded.)  For t a b l e  5.3, ch i -square  = 

29.9 w i t h  df = 2, g iv ing  a P-value near  0 .  Hence it i s  a s t a t i s t i c a l  c e r t a i n t y  
t h a t  t h e  f a c t o r s  i n  t a b l e  5.3 a r e  dependent. Note t h a t  43/65 = 66.2% of t h e  
s i g n i f i c a n t l y  damaging engine i n g e s t i o n s  and 37/63 = 58.7% of t h o s e  w i t h  minor 
damage occurred dur ing  t akeo f f  o r  climb. I n  c o n t r a s t ,  on ly  281104 = 26.9% of 
noridamaging engine even t s  occurred dur ing  depa r tu re s .  

I f  t h e  f i r s t  two rows of t a b l e  5.3 a r e  combined, y i e l d i n g  t h e  damage c a t e g o r i e s  
(1) damage (of  any s o r t )  and ( 2 )  no damage, t hen  ch i -square  = 29.2 w i t h  d f = l ,  
g iv ing  a P-value nea r  0.  On t h e  o t h e r  hand, i f  t h e  last two rows of t a b l e  5.3 
a r e  combined g iv ing  t h e  damage c a t e g o r i e s  (1) s i g n i f i c a n t  damage and ( 2 )  minor 
o r  no damage, t hen  chi-square = 13.9 w i t h  df = 1, which a l s o  g ives  a P-value 
nea r  0.  Hence i n  both  2 x 2 contingency t a b l e s ,  t h e  r e s p e c t i v e  damage c a t e g o r i e s  
and phases of f l i g h t  a r e  dependent. Therefore,  "depar ture"  i n g e s t i o n s  tend t o  
cause both damage and s i g n i f i c a n t  damage more o f t e n  than  " a r r i v a l "  i n g e s t  i ons .  

5.4 ENGINE DAMAGE BY BIRD WEIGHT. 

The r e l a t i o n s h i p  between engine damage and weight of i nges t ed  b i r d s  i s  examined 
nex t .  F igure  5.3 i s  a frequency his togram d e p i c t i n g  engine damage ca tegory  
accord ing  t o  b i r d  weight c l a s s  f o r  t h e  115 engine i n g e s t i o n s  i n  which a s p e c i e s  
i d e n t i f i c a t i o n  was made. The weight c l a s s e s  a r e  t h e  same a s  t h o s e  used i n  t h e  
previous  s e c t i o n ,  a s  def ined  i n  t a b l e  4.5. The number of engine i n g e s t i o n s  t h a t  
r e s u l t e d  i n  no damage, minor damage, and s i g n i f i c a n t  damage is  shown f o r  each 
weight c l a s s .  The 2.5-pound weight  c l a s s  had t h e  g r e a t e s t  number of even t s  w i t h  
s i g n i f i c a n t  damage wh i l e  t h e  1.5-pound and 2-pound weight  c l a s s e s  had r e l a t i v e l y  
few. Three (3 )  of t h e  f o u r  i n g e s t i o n s  i n  t h e  3-pound c l a s s  caused damage. A l l  
i n g e s t i o n s  over  3 pounds were damaging, f o r  t h e  most p a r t  s i g n i f i c a n t l y ,  but  were 
few i n  number. The 0.5-pound c l a s s  con ta ins  a l a r g e  number of damaging 
i n g e s t i o n s  bu t  more than  h a l f  i n  t h i s  c l a s s  were nondamaging. 

As f i g u r e  5.3 i n d i c a t e s ,  engine damage informatiori  was not  r e p o r t e d  f o r  one (2-
pound) i n g e s t  ion .  Using t h e  remaining 11 4 engine even t s, f i g u r e  5.4 examines 
b i r d  weight ve r sus  engine damage from t h e  r e l a t i v e  frequency v iewpoin t .  Here 
t h e  percentage  i n  each damage ca tegory  i s  r ep resen ted  f o r  each weight  c l a s s .  
With few except ions ,  t h e  o v e r a l l  t r e n d  i s  f o r  t h e  r e l a t i v e  frequency of bo th  
damaging and s i g n i f i c a n t l y  damaging i n g e s t i o n s  t o  i n c r e a s e  w i t h  b i r d  weight .  

I n  r e f e rence  2 ,  a l o g i s t i c  model i s  used f o r  t h e  p r o b a b i l i t y  of v a r i o u s  
" s e v e r i t i e s "  of damage as a func t ion  of b i r d  weight .  S p e c i f i c a l l y ,  t h e  logar i thm 



TABLE 5.3. ENGINE DAMAGE CATEGORIES BY DEPARTURElARRIVAL 

DEPARTlTRE ARRIVAL TOTALS 

SIGNIFICANT 43 (66.2%) 2 2  ( 3 3 . 8 % )  65 
MINOR 37  ( 5 8 . 7 % )  2 6  ( 4 1 . 3 % )  6 3  
NONE 28  ( 2 6 . 9 % )  7 6  ( 7 3 . 1 % )  1 0 4  

TOTALS 108  1 2 4  2 3 2  





ENQINE INQESTIONS <PERCENT) 



of t h e  odds r a t i o ,  log (probability/(l-probability)), i s  modeled as a l i n e a r  
funct ion of b i rd  weight. A r a t i o n a l e  f o r  choosing t h i s  p a r t i c u l a r  model i s  a l s o  
presented the re .  The same computer program used i n  reference  2, which a l s o  
generates a lower 95 percent confidence bound, was applied t o  t h e  d a t a  i n  t h i s  
r epor t .  The r e s u l t a n t  p robab i l i ty  of damage ( resp .  s i g n i f i c a n t  damage) curves 
a r e  given i n  f igure  5.5 ( resp .  f i g u r e  5.6) .  The p robab i l i ty  of damage reaches 
50 percent  a t  about 10.7 ounces and t h e  p robab i l i ty  of s i g n i f i c a n t  damage curve 
does l ikewise  at  36 ounces. It should be kept i n  mind, however, t h a t  these  
p robab i l i ty  curves a r e  a r e s u l t  of "smoothing",the da ta  which generated f i g u r e  
5.4 by means of a p a r t i c u l a r  model and should not be taken a s  gospel .  For 
example, f i g u r e  5.6 puts  t h e  p robab i l i ty  of s i g n i f i c a n t  damage a t  around 50 
percent  f o r  a 2-pound b i rd  inges t ion while f i g u r e  5.4 p laces  it a t  20 percent .  
It should a l s o  be noted t h a t  t h i s  model assumes t h a t  p r o b a b i l i t y  of damage 
increases  wi th  b i rd  weight. Moreover, no f a c t o r s  o the r  than b i r d  weight were 
used t o  generate the  curves i n  f igures  5.5 and 5.6. I n  p a r t i c u l a r ,  t h e  phase 
of f l i g h t  and t h e  number of b i r d s  ingested were both ignored. 

5.5 CREW ACTION EVENTS.-

There were 13 aborted t akeof f s  (ATO's) among the  a i r c r a f t  events .  Three of 
these  involved mul t ip le  engines o r  mul t ip le  b i rds .  Besides t h e  ATO's t h e r e  were 
40 o the r  occasions of an adverse "crew act ion,"  i - e . ,  a change i n  t h e  planned 
f l i g h t  path of t h e  a i r c r a f t .  These included 33 a i r  turnbacks (ATB's), 6 
d ivers ions  t o  a landing a t  an unscheduled a i r p o r t  ( D I V ' s ) ,  and 1 change of 
a l t i t u d e  (ALT) on a subsequent f l i g h t .  Four of these  53 events involved mul t ip le  
engines and 7 involved mul t ip le  b i rds ,  including 2 a i r c r a f t  inges t ions  t h a t  were 
both mul t ip le  engine and mul t ip le  b i rd  events.  

Figure 5.7 i s  a t r e e  diagram which ind ica tes  t h e  damage category breakdown f o r  
each of t h e  above c l a s s e s  of crew ac t ion  events.  The "damage category of an 
a i r c r a f t  event" (none, minor, o r  s i g n i f i c a n t )  i s  defined t o  be t h e  most severe 
category of damage sustained by any engine on t h e  a i r c r a f t .  Thirty-one (31) of 
t h e  33 ATB events were damaging, 19 s i g n i f i c a n t l y .  These t o t a l s  inc lude one 
event (317) i n  which an engine sus ta ined extens ive  tu rb ine  damage and, upon 
inspect ion,  was discovered t o  have ingested a s i n g l e  1-ounce b i r d  on some p r i o r  
f l i g h t .  The engine damage, which was caused by a cas t ing  d e f e c t ,  was unre la ted  
t o  t h e  b i r d  inges t ion.  (This event was considered nondamaging i n  a l l  engine 
damage versus b i r d  weight ana lys i s . )  Half of t h e  DTV events involved s i g n i f i c a n t  
damage a s  d id  38 percent  of t h e  ATO's. Five of t h e  e i g h t  nondamaging crew a c t i o n  
events were ATO's. An engine "surge" was noted i n  four  AT0 events.  I n  one of 
these ,  event 152, both engines surged but  only one engine sus ta ined damage. The 
t h r e e  o the r  events (22, 34, and 215) were a l l  s i n g l e  engine and nondamaging. 
Event 22 r e s u l t e d  i n  an engine i n - f l i g h t  shutdown (IFSD). 

There a r e  n ine  o ther  occurrences of an IFSD i n  t h e  53 crew a c t i o n  events.  The 
IFSD's a r e  indicated  i n  the  next l e v e l  of t h e  t r e e  i n  f i g u r e  5 -7. Seven of 
these ,  s ix  of which involved s i g n i f i c a n t  engine damage, a r e  i n  t h e  ATB's. A l l  
IFSD events a r e  discussed below. 

Ver i f ied  b i r d  weights were obtained i n  28 of t h e  53 crew a c t i o n  events.  Figure 
5.8 i n d i c a t e s  t h e  b i rd  weight c l a s s  involved i n  each of these  events ,  and f o r  
t h e  "no crew act ion"  and "unknown crew act ion"  events a s  wel l .  The g r e a t e s t  
number of crew ac t ion  events,  e i g h t ,  occurred i n  t h e  0.5-pound c l a s s ,  followed 
by seven f o r  the  2.5-pound c l a s s .  This l a t t e r  c l a s s ,  however, conta ins  t h e  
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largest relative frequency of crew action events, 54 percent. The aforementioned 
event (317) in which an ATB was evidently unrelated to the bird ingestion, 
accounts for the single "tiny" bird event in figure 5.8. 

5.6 IN-FLIGHT SHUTDOWN EVENTS. 

As previously noted, 10 of the "crew action" events resulted in an IFSD. All 
told, there are 11 IFSD events in the data, which are summarized in table 5.4. 
A "Y" denotes occurrence and a "blank" nonoccurrence. Acronyms used for phases 
of flight are defined in appendix C. Multiple birds were ingested into three 
of the engines that were shut down in flight. There were no multiple engine 
IFSD's although in event 138, two engines of the B747 ingested birds. No cause 
was given for the IFSD in event 317, which, as noted above, sustained turbine 
damage unrelated to the bird ingestion. In the remaining nine events, increased 
engine vibration was cited seven times as a contributing factor. Other symptoms 
given in IFSD's were high exhaust gas temperature (three times), an engine surge 
(twice), and a bird smell (once). An involuntary power loss was reported in 5 
of the 11 IFSD events. Verified bird identifications were obtained in 7 events. 
Four of these involved birds in the 2.5-pound weight class of which three (events 
32, 241, and 247) were herring gulls. Three herring gulls were ingested into 
a single engine in event 32. 

5.7 UNCONTAINED EVENTS. 

As noted at the beginning of this section, fragments from broken fan blades can 
cause secondary damage to the engine following a bird ingestion. These fragments 
sometimes exit through the engine's case or nacelle (an "uncontained" event) and 
have the potential for seriously damaging the aircraft. There were no incidents 
of engine case uncontainment; although in two events (74 and 103), blade 
fragments punctured the metallic engine casing but were contained by the Kevlar 
containment system. In the latter event, fragments did exit through the nacelle. 
Event 103 and the four additional instances of uncontained nacelle damage are 
summarized in table 5.5. Fortunately, there were no reports of further damage 
to the aircraft in any of the uncontained events; although in event 241, a piece 
of blade from one engine ricocheted off the runway and struck the adjacent engine 
of the B747. Both affected engines in event 138 received uncontained damage to 
the nacelle. Bird identifications were obtained in all uncontained events. 
Herring gulls weighing 2.5 pounds were cited in two of these events (and also 
in the aforementioned event: 74). The other three uncontained events all resulted 
from ingesti.ons of multiple birds in the 1-pound weight class. 

5.8 INVOLUNTARY P g R  LOSS EVENTS. 

An involuntary loss of power was reported in six engine events. As noted above, 
five of these resulted in a mandatory IFSD and are included in table 5.4. In 
the other, event 103, the engine was not shut down but rather was reversed during 
an aborted takeoff. This was an uncontained event and appears in table 5.5. 

5.9 MULTIPLE ENGINE EVENTS. 

All transport category aircraft are certificated to perform safely, during all 
flight phases, with any single engine inoperable. (See CFR Title 14, Part 25.) 
Multiple engine ingestion events are of particular interest because an in-flight 



TABLE 5.4 IN-FLIGHT SHUTDOWN EVENTS 

evt eng crew pow inc hi trvs bird mult eng
# date acft eng pos actn loss surge smell vibe egt frac wt bird dmg pof 

22 04/12/89 B747 JT9D 

32 05/10/89 A300 JT9D 

140 07/25/89 A320 V2500 

75 08/14/89 B767 CF6 

76 08/18/89 A310 CF6 

138 09/12/89 B747 JT9D 

267 05/04/90 A320 CFM56 

247 05/31/90 A300 JT9D 

241 06/27/90 B747 JT9D 

257 07/30/90 B757 2000 

317 08/10/90 A300 4000 

1 AT0 Y 

1 ATB Y Y 

1 AT0 Y 

1 ATB Y 

1 

2 ATB Y 

1 ATB 

1 ATB Y 

3 DIV 

2 ATB Y 

1 ATB 

N TR 

Y 36 Y S T R  

Y M TR 

Y 48 S CL 

Y M CL 

Y Y Y 14 Y S T R  



TABLE 5.5 UNCONTAINED EVENTS 

evt unc unc eng POW inc hi trvs bird mult 
# date case nacl acft eng pos ifsd loss surge vibe egt frac wt bird pof 



l o s s  of two engines during the  c r i t i c a l  takeoff o r  climb phases could be 
catas t rophic ,  even i n  three- or  four-engine a i r c r a f t .  Table 5.6 summarizes the  
16 mul t ip le  engine events i n  the  data ,  a l l  of which involved two engines. I n  
event 138, one engine l o s t  power due t o  a fan blade t ransverse  f r a c t u r e  and was 
shut down. The cockpit symptoms following ingest ion were a surge and high 
exhaust gas temperature. The other  af fected engine a l s o  surged and, fo r tuna te ly ,  
recovered. This i s  t he  only event i n  which two engines were damaged 
s i gn i f i c an t l y .  Three other  events,  102, 201, and 323, r e su l t ed  i n  mul t ip le  
engine damage. Signif icant  damage i n  a s i ng l e  engine occurred i n  t he  f i r s t  and 
t h e  l a s t  of these  events. The B767 i n  event 201 received minor damage i n  each 
engine and performed an a i r  turnback. A s  noted above, both engines of t he  B767 
i n  event 152 surged, but evidently recovered. The takeoff was aborted.  It i s  
i n t e r e s t i ng  t o  note t ha t  the  af fected engines were on the  same wing i n  a l l  four  
B747 mul t ip le  engine events. Verif ied b i rd  weights were obtained i n  10 of t he  
mul t ip le  engine events. They a r e  l i s t e d  i n  t a b l e  5.6 and were included i n  f igure  
4.5 of t he  previous sect ion.  



TABLE 5.6. MULTIPLE ENGINE EVENTS 

e v t  eng eng crew pow i n c  h i  t r v s  b i r d  mult 
# d a t e  a c f t  eng pos dmg a c t n  l o s s  su rge  i f s d  v i b e  e g t  f r a c  w t  b i r d  p o i  

ATB 
Y 

Y 
Y Y 

ATB 

A T 0  

ATB 

Y 
Y 



6 .  SUMMARY AND CONCLUSIONS. 

D a t a  i n  t h i s  r e p o r t  were generated by a f l e e t  of over  1100 a i r c r a f t  f l y i n g  more 
than  2 m i l l i o n  ope ra t ions  worldwide dur ing  t h e  pe r iod  January 1989 t o  September 
1990.  

A t o t a l  of 381 a i r c r a f t  i n g e s t i o n s  was r epo r t ed ,  y i e l d i n g  a worldwide i n g e s t i o n  
r a t e  t h a t  i s  approximately 80 percent  of t h e  r a t e  i n  t h e  1981-83 FAA s tudy .  The 
f o r e i g n  a i r c r a f t  i n g e s t i o n  r a t e  i s  c u r r e n t l y  over  f o u r  t imes  t h e  domestic r a t e  
compared w i t h  two and one-half t imes i n  t h e  previous  s tudy .  More e f f e c t i v e  b i r d  
c o n t r o l  measures a t  United S t a t e s  a i r p o r t s  i s  one p o s s i b l e  exp lana t ion  f o r  t h i s  
d i s p a r i t y .  It i s  a l s o  conceivable  t h a t  f o r e i g n  c a r r i e r s  have been more d i l i g e n t  
t han  domestic c a r r i e r s  i n  r epo r t ing  b i r d  i n g e s t i o n s .  

A i r c r a f t  i n g e s t i o n s  were r epo r t ed  t o  have occurred a t  120 d i f f e r e n t  a i r p o r t s  
worldwide. One a i r p o r t  had 10 events  and two o t h e r s  had 7 each. A l l  t h r e e  were 
o u t s i d e  t h e  United S t a t e s .  The l a r g e s t  number of even t s  a t  any domestic a i r p o r t  
was fou r .  

There were 16 m u l t i p l e  engine even t s ,  y i e l d i n g  a r a t e  s l i g h t l y  under 8 p e r  
m i l l i o n  ope ra t ions .  Each involved two engines of t h e  a i r c r a f t . T h i r t y  - f  i v e  (35)  
of t h e  397 engine i n g e s t i o n s  a r e  known t o  have involved m u l t i p l e  b i r d s .  

The s p e c i e s  of b i r d s  i nges t ed  a r e  c o n s i s t e n t  w i t h  t h e  1981-83 s tudy .  The 
h e r r i n g  g u l l ,  common lapwing, black-headed g u l l ,  and common rock dove were t h e  
most f r equen t ly  i d e n t i f i e d  spec i e s .  The f i r s t  t h r e e  were a l s o  t h e  most 
f r e q u e n t l y  encountered b i r d s  dur ing  m u l t i p l e  engine o r  m u l t i p l e  b i r d  i n g e s t  i ons .  

Bird weights ,  bo th  domestic and fo re ign ,  a r e  markedly s i m i l a r  t o  t h o s e  i n  t h e  
previous  s tudy.  This  i s  t r u e  not  only i n  terms of summary s t a t i s t i c s  (median, 
mode, mean, e t c . )  b u t  a l s o  i n  terms of t h e  d i s t r i b u t i o n  f u n c t i o n s  f o r  t h e  
weights .  A s  before ,  b i r d s  i nges t ed  i n  t h e  United S t a t e s  tend  t o  be h e a v i e r  t han  
f o r e i g n  b i r d s .  

Forty-seven (47)  pe rcen t  of engines t h a t  i nges t ed  b i r d s  had some r epor t ed  damage, 
compared t o  62 percent  i n  previous s tudy.  F i f t y - f o u r  (54)  percent  of c u r r e n t  
engine damage was c l a s s i f i e d  a s  "minor, " which t y p i c a l l y  c o n s i s t e d  of l e a d i n g  
edge d i s t o r t i o n s  o r  a t  most t h r e e  ben t ,  dented,  o r  t o r n  f a n  b l ades .  

The a i r c r a f t  i n g e s t i o n  even t s  were f a i r l y  evenly s p l i t  between d e p a r t u r e  ( t a k e o f f  
o r  climb) and a r r i v a l  (descen t ,  approach o r  landing)  phases of f l i g h t .  However, 
engines i n g e s t i n g  b i r d s  dur ing  depa r tu re s  s u s t a i n e d  damage a t  about  tw ice  t h e  
r a t e  a s  i n  a r r i v a l s .  

An unscheduled crew a c t i o n  was performed i n  1 4  pe rcen t  of t h e  a i r c r a f t  even t s ,  
which i s  h a l f  t h e  r a t e  i n  t h e  previous  s tudy.  There were 11 i n - f l i g h t  engine 
shutdowns, r e p r e s e n t i n g  l e s s  t han  3 percent  of a l l  engine even t s .  I n  t h e  
previous  s tudy ,  n e a r l y  13 percent  of engine even t s  r e s u l t e d  i n  a n  IFSD. 

The engines  included i n  t h e  cu r r en t  s tudy  were designed and c e r t i f i c a t e d  t o  more 
s t r i n g e n t  b i r d  i n g e s t i o n  s tandards  than  most of t h o s e  from t h e  p rev ious  s tudy .  
It i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  t h e  c u r r e n t  f l e e t  has  performed b e t t e r  i n  
terms of t h e  adverse  e f f e c t s  of b i r d  i n g e s t i o n s  on engines  and f l i g h t s .  However, 



one needs to simply recall the near-catastrophic 8747 multiple engine event in 
Los Angeles to be convinced that the ingestion of birds into engines continues 
to present a serious threat to aircraft: safety. 

Table 6.1 contains a summary of some data from the current: and previous FAA 
studies. Except where noted, all numbers represent worldwide data. 

TABLE 6.1. DATA SUklMARY 

Current Study 1981-83 Study 

# aircraft 

# operations 

# aircraft ingestions * 
ingestion rate (x loA-4) * 
# multiple engine events 

multiple engine ingestion 
rate (x 10"-6) 

# engine ingestions 

# multiple bird engine
ingestions 

% multiple bird ingestions 

# damaging engine ingestions 

% damaging engine ingestions 

median bird weight (02.) * 
modal bird weight (02.) * 
mean bird weight (02.) * 
# crew action a/c events 

% crew actions 

# IFSD engine events 

% IFSDfs 
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8,. GLOSSARY. 

A i r c r a f t  ope ra t ion  - One complete f l i g h t  c y c l e  of an a i r c r a f t ,  from engine  
s t a r t u p  a t  depa r tu re  t o  engine shutdown upon a r r i v a l .  

Bi rd  i n g e s t i o n  - The en t r ance  of a b i r d  i n t o  t h e  i n l e t  of a t u r b i n e  engine 
dur ing  an  a i r c r a f t  opera t ion .  

Engine ingest- event  - The simultaneous i n g e s t i o n  of  one o r  more b i r d s  
i n t o  a n  engine.  

A i r c r a f t  i n g e s t i o n  event  - The simultaneous i n g e s t i o n  of  one o r  more b i r d s  
i n t o  one o r  more engines of an  a i r c r a f t .  



APPENDIX A 

BIRD INGESTION CERTIFICATION STANDARDS 

The following is a summary of current bird ingestion certification standards as 
they pertain to engines in this study. The complete regulations, which were last 
amended in February 1 9 8 4  are contained in 1 4  CFR 33.77. The small (3-ounce 
size) bird test mentioned there has been omitted from this summary. It does not 
apply to engines in this study since none of them have inlet guide vanes. 

TEST REQUIREMENT MEDIUM BIRD TEST LARGE BIRD TEST 

BIRD SIZE 1.5 pound 4 pound 

11 OF BIRDS 1 for the first 300 square 1 
inches of inlet area plus 1 
for each additional 600 square 
inches or fraction thereof. 

MAXIMUM NUMBER 
OF BIRDS 

BIRD SPEED Initial climb speed of Liftoff speed of 
typical aircraft. typical aircraft. 

ENGINE OPERATION Takeoff Takeoff 

INGESTION PATTERN In rapid sequence to sim- Aimed at critical 
ulate a flock encounter areas. 
and aimed at critical 
areas. 

POST INGESTION I. Cause more than 25% sus- Cause engine to: 
REQUIREMENTS: tained power or thrust loss. 1. Catch fire. 
Ingestion may NOT 2. Require engine shutdown 2. Burst. 

within 5 minutes. 3. Generate loads 
3. Result in a potentially greater than max-
hazardous condition. imum specified. 

4. Lose capabil-
ity of being shut 
down. 





APPENDIX B 

STATISTICAL TERMINOLOGY 

Sample mean. The mean of a sample of size n is the average of the n numbers. 
It is obtained by summing the numbers and dividing by n. 

Sample median. The median of a sample is the observation in the middle of the 
sample. That is, half the observations are at least as large as the median and 
half are as small as t-he median or smaller. We commonly find the median by 
sorting the sample and raking the middle observntion, or observations, in the 
sorted sample. For cxttmple, t l ~ t .nnlnple  1 3 2 G 8 is sorted to give 1 2 3 6 8, 
and the median is 3, the 3rd largest number. Or the sample 3 7 5 6 9 3 is sorted 
to give 3 3 5 6 7 9, and the median is 5.5, the average of the 3rd and 4th 
observations. 

Sample mode. The mode is the most frequently occurring observation in the 
sample. In the 2nd example illustrating the median, the mode is 3. The mean, 
median, and mode are usually close together in moderate size, or larger, samples 
whose histograms are bell-shaped. 

Sample variance. The sample variance is computed in three steps: (1) Centering 
the sample, by subtracting the sample mean from each observation. (2) Summing 
the squares of the centered observations. (3) Dividing by the sample size less 
1, n - 1. The variance is the average squared deviation of the observations from 
their mean. 

Sample standard deviation (SD). The sample standard deviation is the square 
root of the sample variance. It is a measure of the dispersion of the 
observations in the sample, that is, how far each observation is from the sample 
mean on the average. Typically, in a sample that has a histogram that resembles 
a bell-shaped curve, around 68 percent of the observations lie within one 
standard deviation of the sample mean, and 95 percent of the observations lie 
within two standard deviations of the sample mean. 

Maximum, minimum, and range. The maximum and minimum of the sample are the 
largest and smallest observations in the sample, respectively. The range is the 
difference, maximum minus minimum. 

Upper and lower quartiles, and-interquartile range (IQR). The upper and lower 
quartiles are defined like the median. One-quarter of the observations in the 
sample are at least as large as the upper quartile, and three-quarters of the 
observations are as small or smaller. These fractions are reversed in defining 
the lower quartile, so that three-quarters of the observations are at least as 
large as the lower quartile, and one-quarter of the observations are as small 
or smaller. The interquartile range is the difference, upper quartile minus 
lower quartile. It is an alternative measure of sample dispersion. When the 
histogram resembles a bell-shaped curve, the interquartile range is about 1.35 
times as large as the standard deviation. 

Outliers. Outliers are observations that are exceptionally large or small, so 
that they appear to be atypical of the majority of observations in the sample. 
For example, the sample 1 4 3 5 15 contains a single outlier 15. The choice of 
observations to call outliers is aided by an outlier cutoff rule. For example, 



us ing  t h e  boxplot r u l e ,  a n  obse rva t ion  i s  a h igh  o u t l i e r  i f  it i s  more t h a n  1.5 
x I Q R  l a r g e r  t han  t h e  upper q u a r t i l e .  There a r e  s e v e r a l  a l t e r n a t i v e  o u t l i e r  
c u t o f f  r u l e s ,  and judgement must p l ay  an  important r o l e  i n  s e l e c t i n g  obse rva t ions  
t o  c l a s s i f y  a s  o u t l i e r s  and then  perhaps t o  remove from t h e  sample. I f  t h e  
sample inc ludes  o u t l i e r s ,  t h e  sample mean w i l l  be p u l l e d  towards those  
obse rva t ions  and t h e  s tandard  d e v i a t i o n  w i l l  be markedly l a r g e r  t h a n  when t h e  
o u t l i e r s  a r e  excluded. The minimum, maximum, and range of t h e  sample a r e  very  
a f f e c t e d  by o u t l i e r s .  The sample median and t h e  i n t e r q u a r t i l e  range a r e  not  
a f f e c t e d  by o u t l i e r s .  The sample median and i n t e r q u a r t i l e  range a r e  so -ca l l ed  
r e s i s t a n t  summaries of c e n t e r  and d i s p e r s i o n ,  r e s p e c t i v e l y .  They are thus  
included i n  a s e l e c t i o n  of summary s t a t i s t i c s  ( t a b l e  4.4) f o r  t h e i r  r e l i a b i l i t y .  

Cumulative d i s t r i b u t i o n  func t ion .  The cumulative d i s t r i b u t i o n  f u n c t i o n  at a 
g iven  va lue  (of  b i r d  weight ,  f o r  example) i s  t h e  f r a c t i o n  of obse rva t ions  l e s s  
t han  o r  equa l  t o  t h a t  va lue .  For example, t h e  cumulat ive d i s t r i b u t i o n  f u n c t i o n  
of t h e  sample 1 3 3 4 i s  0 f o r  any v a l u e  l e s s  than  1 ;  i s  t h e  f r a c t i o n  1 1 4  f o r  
any v a l u e  equal  t o  o r  g r e a t e r  t han  1 but  l e s s  than  3; i s  t h e  f r a c t i o n  314 f o r  
any v a l u e  equal  t o  o r  g r e a t e r  t han  3 bu t  l e s s  t han  4 ;  and i s  1 f o r  any va lue  
equal  t o  o r  g r e a t e r  than  4. 

Kolmogorov-Smirnov two-sample t e s t .  The d i s t r i b u t i o n s  of two samples can  be 
compared us ing  t h e  Kolmogorov-Smirnov t e s t .  It i s  a  nonparamctr ic  procedure,  
meaning t h a t  a minimum of t h e o r e t i c a l  assumptions a r e  made about popu la t ions  
under ly ing  t h e  two samples. The Kolmogorov-Smirnov t e s t  i s  based on t h e  l a r g e s t  
a b s o l u t e  d i f f e r e n c e  between t h e  two cumulative d i s t r i b u t i o n  f u n c t i o n s  a t  any 
v a l u e  ( b i r d  we igh t ) .  I f  t h e  d i f f e r e n c e  i s  l a r g e ,  t h e  two d i s t r i b u t i o n s  a r e  
judged t o  be d i f f e r e n t .  Tables  and s t a t i s t i c a l  a lgor i thms a r e  a v a i l a b l e  t o  
compute P-values and c r i t i c a l  va lues  t o  u se  i n  dec id ing  how d i f f e r e n t  t h e  
d i s t r i b u t i o n s  a r e  and whether t h e  d i f f e r e n c e  i s  s i g n i f i c a n t .  

P-value. I n  s t a t i s t i c a l  t e s t i n g ,  i t  i s  usua l  t o  s t a t e  a n u l l  hypo thes i s ;  f o r  
example, t h a t  t h e r e  i s  no d i f f e r e n c e  between two d i s t r i b u t i o n s .  Of cou r se  t h e  
two samples a r e  d i f f e r e n t ,  bu t  some d i f f e r e n c e s  a r e  expected by chance even i f  
each sample i s  chosen a t  random from a common pool  o r  popula t ion .  The P-value 
is  t h e  p r o b a b i l i t y  t h a t  a d i f f e r e n c e  a s  l a r g e  o r  l a r g e r  t han  t h e  observed 
d i f f e r e n c e  between t h e  two samples w i l l  be observed i f  two samples of t h e  g iven  
s i z e s  a r e  drawn from t h e  same popula t ion .  The l a r g e s t  a b s o l u t e  d i f f e r e n c e  used 
i n  t h e  Kolmogorov-Smirnov t e s t  i s  a s p e c i f i c  way of measuring t h e  d i f f e r e n c e  
between t h e  d i s t r i b u t i o n s  of two samples. A P--value of 5 pe rcen t  o r  lower i s  
commonly i n t e r p r e t e d  t o  mean t h a t  t h e  observed d i f f e r e n c e  i s  u n l i k c l y  t o  have 
occurred by chance, s o  t h a t  t h e r e  i s  s t r o n g  evidence f o r  a s u b s t a n t i v e  
d i f f e r e n c e  between t h e  two groups. When t h e  P-value i s  l a r g e r  t h a n  5 pe rcen t ,  
we a r e  more w i l l i n g  t o  accept  t h e  p o s s i b i l i t y  t h a t  t h e  two popu la t ions  a r e  t h e  
same. That does n o t  mean t h a t  we have proved t h a t  they  a r e  t h e  same, on ly  t h a t  
t h e  evidence f o r  a d i f f e r e n c e  i s  weaker. A P-value around 10 pe rcen t  can  be 
i n t e r p r e t e d  a s  weak evidence t h a t  t h e  popula t ions  a r e  not  t h e  same. A P-value 
around 40 percent  i s  no evidence a t  a l l .  A P-value  l e s s  t h a n  1 pe rcen t  i s  v e r y  
s t r o n g  evidence.  

C r i t i c a l  va lue .  The choice  of P-value of 5 percent  a s  a d i v i d i n g  p o i n t  appears  
t o  be based on a h i s t o r i c a l  pe rcep t ion  of what i s  an  u n l i k e l y  even t .  Other 
choices  a r e  p e r f e c t l y  pe rmis s ib l e ,  f o r  example when we wish  t o  s t r o n g l y  "p ro t ec t "  
t h e  n u l l  hypothes is ,  and not  d e c l a r e  t h a t  t h e r e  i s  a d i f f e r e n c e  u n l e s s  t h e  
evidence i s  ve ry  convincing. The c r i t i c a l  v a l u e  i s  t h e  p o i n t  a t  which we make 



this declaration. For example, it may be the value of the largest absolute 
difference in the Kolmogorov-Smirnov test when the P-value equals 5 percent. The 
critical value will depend on the sample sizes involved. 

Chi-square test. Counts of events are often arranged in a two-way table, with 
levels of two factors, for example damage severity and number of birds, 
represented by the rows and columns, respectively. These factors will be 
dependcnt if the proportion of engines with significant damage is larger (or 
perhaps smaller) among engines ingesting only- one bird than among engines 
ingesting more than one bird. There is a symmetry to these statements: 
Equivalently we can say that engine events where there is significant damage 
involve multiple bird ingestions in a disproportionately high fraction of cases 
(relative to engine events where there is no damage or only minor damage). 

When there is no dependence, the row and column factors are said to be 
independent. When the row and column factors are independent, the typical, or 
expected, number of observations in a given cell of the two-way table is simply 
the product of the row and column totals for that cell divided by the overall 
total. For example, in table 5.2 there are 77 engine events with significant 
damage, and 305 out of 340 engine events involve only a single bird. Therefore, 
if damage severity and number of birds were independent, the number of engine 
events with significant damage where a single bird is ingested would be around 
77 x 3051340, or 69 (after rounding). The observed number is 77. As described 
above, the observed numbers will always differ from the expected numbers, whether 
or not the two factors are independent. However, larger differences will 
typically occur when the factors are dependent than when they are independent. 
(The differences are both positive and negative, since each row total and column 
total must be the same using either the observed or expected number of 
observations.) The chi-square statistic is computed by summing the differences 
over all the cells of the table, specifically using the formula 

chi-square = (observed - expected12 
expected 

all cells 

When the factors are independent, and the expected number of observations in each 
cell is not too small (at least 5, for example), the chi-square statistic is said 
to have an approximate chi-square distribution on (r - 1) x (c - 1) degrees of 
freedom (df) , where r and c are the number of rows and columns in the table, 
respectively. The P-values and critical values are computed based on this 
distribution (using tables or algorithms) and, as with the Kolmogorov-Smirnov 
test, are used as evidence for and against the null hypothesis that: the 
differences in the relative proportions between rows (or columns) of the table 
are due to chance fluctuations alone. 

Probability of a difference. When a P-value of, for example, 14 percent is 
computed for a chi-square test, the claim might be made that the probability that 
the two factors are dependent is 86 percent. Analogously, when a P-value of 3 
percent occurs using the Kolmogorov-Smirnov test, the claim might be made that 
the probability that the two populations are the same is only 3 percent. The 
probability that the two populations are different is 97 percent. These claims 
are justifiable if additional, Baysian, assumptions are made about the data. 
They give an impression of the weight of evidence, which is the interpretation 
used above. 
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APPENDIX C 

S I W Y  OF DATA BASE CONTENTS 

This appendix summarizes the contents of the FAA data base used to generate this 
report. Each line of information pertains to a unique engine ingestion event. 
The events are ordered chronologically. Unless otherwise specified, "N" denotes 
1tnow or "none" and a "blank" en~rymeans the information is "unknown." 

The column headings are defined as follows: 

DATE Date of ingestion 
EVT# Aircraft ingestion event number (repeated in last column) 
A/C Aircraft type 
ENG Engine model 
DASH Engine model dash 
POS Engine position 
SIGEVT Significant: Event (SEMB=single engine-multiple bird, 

MEMB=multiple engine-multiple bird, MESB=multiple engine-
single bird, AIRWORTHY, TRVS FRAC=transverse fracture, 
INVOLPOWLOS=involuntary power loss) 

ALT Altitude of aircraft (feet AGL) 
SPD Speed of aircraft (knots, Vl=decision speed, VR=rotation 

speed, TAXI) 
CREW Crew Action (ATO=aborted takeoff, ATB=air turn back, DIV= 

diversion, ALT=alt:itude change) 
POF Phase of flight (TR=takeoff roll, TO=takeoff, TC=takeoff 

or climb, CL=climb, CR=cruise, DE=descent, AP=approach, 
LA=landing or approach, LD=landing, LR=landing roll, 
RV=thrust reverse, TX=taxi) 

CITYPRS Scheduled departure-arrival airports 
APT Airport of ingestion 
LOCALE Location of airport 
us Y=US (50 states), N=Foreign (non-US), U=Unknown 
B IRDNAME Bird species - English name 
SPEC Bird species code (from reference [ 4 ] )  
BBDS Number of birds ingested 
WT Bird weight (ounces) 
POWLOSS Power loss (loo%, SO%, SURGE, STALLS, INVOLUNTARY, Y=yes) 
VIBE Engine vibration (maximum units, INC=increased, 

HIGH=high) 
IFSD In-flight engine shutdown reasons (SURGE, HI EGT= 

high exhaust gas temperature, SMELL=bird smell, VIBES= 
engine vibration, NOT BIRD=IFSD not due to bird, Y=no 
reason given for IFSD) 



I n  columns A through Q, "Y1'=occurrence, "blank"=non-occurrence. Columns A 
through 0 rep resen t  s p e c i f i c  c a t e g o r i e s  of engine damage a s  de f ined  i n  t a b l e  
5.1. 

LEADEDGE Fan b lade  l ead ing  edge d i s t o r t i o n  
BEDE<=3 1 t o  3 bent o r  dented f a n  b lades  
TORN<=3 1 t o  3 t o r n  f a n  b l ades  
SHINGLED Shingled ( t w i s t e d )  f a n  b lades  
ACPAFNAB Acoustic pane l  o r  f a n  rub s t r i p  damaged 
NACELLE Engine enc losure  dented o r  punctured 
BEDE> 3 More than  3 f a n  b l ades  bent  o r  dented 
TORN>3 More than  3 f a n  b l ades  t o r n  
BROKEN Pieces  missing from f a n  b l ade  l ead ing  edge o r  t i p  
TRVSFRAC Fan b lade  broken chordwise, p i ece  l i b e r a t e d  
RELEASED Blade r e t e n t i o n  mechanism f a i l e d  
FLANGE Flange s e p a r a t i o n s  
CORE Compressor b lades lvanes  damaged o r  a i r f l o w  blocked 
TURBINE Turbine damaged 
SPINNER Spinnerlcap damaged 
Other engine damage ( s e e  REMARKS) 
Engine damage of unknown type  ( s e e  REMARKS) 

NMS C l a s s i f i c a t i o n  of engine damge (O=no damage, l=minor 
damage, 2=s igni f  i c a n t  damage) 

REMARKS The Remarks o f t e n  c o n t a i n  more s p e c i f i c  d e s c r i p t i o n s  of 
engine damage a s  w e l l  a s  o t h e r  p e r t i n e n t  i n £  ormat i o n  

*US.GOVERNMENT PRINTING OFFICE: 1992 - 604-061/60111C-2 
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10,*'18r'89 154 8747 JT90 7R.462 2 U C'TS-HNO XFII S~RPPORO OF: TO4:'r'U-HND. JHPHN N :.=I N : CI POSS n u L r  EIMD 
10./1'3/89 155 8767 4000 4OE.O 1 SEHR LR --HER HER HERRKI. ION.GREECE N HORNECI LFlRK 17Z74 :I. 1 2 N N : 111 CORE INIS. 
10.~'21/09 8 4  H320 C:FHSF, Ci 1 14 LR -CUG C:DG PRRIIS-CDG .F RHHCE N 1 H N : Cl 725 !Et450R RE'PLHCEO DUE TO EIIRD DEBRIS 
10.Q 1/89 102 8747 C:F& 8012 3 HESD CL HRH- HRH HRHBIJRG. GERHHNV N 1 N N : ' t Y  : : 2 2 FB LE OISTOR, 1 FB 1.E CRRCX 
10r'21/89 102 8747 CF& QOI2 4 HESB CL HRH- HRH HRHBIJRG. GERHHNY N 1 t4 H : 't : : 1 4 F8  LE DISTORTION 
10.,22#'89 8'3 D767 C:F6 EIOH 1 14 -01.1s XXX DUSELDORF. GER~W'r'? I_) 1 N N Y: 1 2 FB [lHl:Xl 
10.,'23/89 1O:il R310 C:FE. EIOC:2 1 SEHB.TFYS FRHL TR HHH- HHH HHHflN. JOROHII N EURFISIRN STONE CURLEU 6N'i' 2 l"6 5 I X  10.0 N : 2 POSSIBLE HHRCl FOD. 2 FEI SEPHRHTECI 
10.G4/89 9 0  8767 C:F6 EIOH 1 N LR TYI:I-KC2 KCZ KOI::HI, JHPHN N 1 t4 N : 1 2 FB SHINGLED 
10/25/'89 9 1  B767 C:FE. BOH 1 t4 HP --l:IKJ SIK.3 CIKHYHHR. JHPflN N 1 N N : O 
10.4?6/'8'3 104 8767 CFE- BOC:2 In -HRU XFI:l HACIRITII.IS ,HRURIT 11.1s P N I::OHHON HHRN ClUL 152 1 11 N N : D 
10.,27/8'3 164 676'7 4000 40Ed 1 t4 XFCl N N N : O UO RHUS I N  CORE 
10r'2B/'89 9 2  H310 CF6 0013 1 N TO C0I:;-LI t4 CDC; PRRIS-CDG ,FRHNCE N 1 W N  N  : 1 3 FB 001:IR HT 1I:ICJOFT HGL. 
10.4?9c'B9 156 8747 LIT'3D 7R4G2 1 t4 HP -I-IND HMO T OKYl3-"HWD,JRF'RN N 1 t i  El : CI 
10r'29/8'3 157 R.illl:l 4000 4 152 1 N TO HflH-JFK HRH HRHHIJRG, GERHHNY H 1 N N : Cl HULT UIF!OP ING. INTO CI:IRE,HIT FLOCK7 
11.c028'89 119 0767 JT'30 7R41) 1 t4 HP HKIS-KI J KI.1 NIGA TH..TflPRM N TB I  I N N : 2 5TH Sl'G LE TIPS CI-RSHED TE IGV*S.ENG RHO 119 
11/02/89 15H 8767 .:IlWU 7R4U 1 SEHU RP TLV-ETH ETH ELHT ,ISERE1 N "PIGEON" TBI  2 N M : o 1t41,1~f~rU 158 
11.*'04/89 9 3  8767 W 6  EIOH 2 N HP -TYO T'YO T 0KYI:I-TPO .JAPAN N 1 N M Y: 2 EiFB SX Nl5LRD. 12 FH REPI. RIZE. BO 9 3  
11/07/'89 105 Hj lC l  C:FE. BOC:2 2 N LR -COG C:DI? PflI;!I 5- CCIG ,FRHNIIE N "SHHLL BXRO" 1 n N N : Cl EISI 13'4 *18 ti! RUGS. NO TRHCES II 4  8 1  1.05 
11.*.08/8'3 106 H310 C:F6 8OC2 2 14 -8OH XFD BOHBHY .INU1Ri N 1 N El : 1 I F'B NON--SERI.ICHLR LE OHG 106 
l l . ~ l l / 8 9  9 4  8767 I::F6 EIOH 1 I 4  -OW XFCl OSHKH. JHPHN? N 1 N N El : Cl CiRI~IIJUClIMSP. 9 4  
l l . f l l l c ' 8 9  15'3 8747 LlT'3D 7R4G2 3 u TR IST-S IN  IST IS'rRNEIUL. TURKEY N TBI 2:::I Y HIGH N : 2 It4I,'STGTO.PCIS!S HClLT 80, RlRUTHY 9FB OHF 15'3 
11/15/89 9 5  H310 CFE. ROH 1 I 4  C:L HHS-HHS HHS FIHSTERDHH,HE IHEF:l.HNCIS El 1 t4 N Y: 1 3FB TMGD. 2FE: SHINGLED, 3 SET5 REPLCD. 95 
1l/l5/8?l 160 Bi'6 7 4Ol:lO 40E.O N EUR-HEM XX:.: NEURRK I:IR 5TOCKHOLH I1 N : 1 1 BL OHFO 160 
1l.il6c'8?I 107 ~ 1 l : lC:FE. 2 t i  C:L T RG'--BOH T Rb' TRIVHNDRUH. IHDIH H 2.E. N : I. ;I FB IHF'RCT ~ H G .  vret- ]...I uurrs H r  CRI.II!S 107 
ll.,'lR/'89 115 B7S7 RB211 Ci35C 2 SEHB LR LHE-EFS ElFS ElELFHE;T, t4. IRELHNO. Ut: N I::OHHON LHPUING 5H 1" 1.4 El : 2 El IPC EL BE .. 13 El05 H I  T R.j'C.1 t4C1ST.€Mi  RPL 115 
11.,'20/89 161  EIi'67 .:IT90 7R4D 2 N HP -LHX LA:.: LOS ANGELEC;,l:flL. 'r' 1 8 1  N : 111 t EIOS? 161 
11.4?1#'8'3 8 5  H32l:l C:FH56 5 1 nE5.B --l:clG XFO PRRI!i;- CLIG ,FRHNIX? N N : O FERTHER!f; FOIIND. HClT GII,'EN TO rjE-ENG 1414 8 5  
11/2 lc'8'3 8 5  R3211 C:FH56 5 2 tiESP -C[IG XFD F'flF!I!5-CCIG. FRHNIXi' N N : o F'ROB.SnHLL BI RO.OESC/LU/HF POF 0 5  
11/25/89 162 HZiOl3 ..lT'30 7R4H 1 1 N EM.[ -CHI XFII KUURIT OR C.flIRl1 N TBI N : 1. 3 FB KlHl50 162 
11,'26/89 1013 tWOO CFE. ROC2 1 t i  TR KHK- k:Hl ERRflI~:HI,PHKISrHN N I N Y: 2 4 OHlXl FB F:EFLCD- INC: N 1  VXElES 100 
12.,'03/09 96 876'7 CFE. BOH IN -BHX XFI:l BHHIH BL RNC:R. RKGENTINAI' N N N : 1. 2 PB ClHEO OUTBO Htl SPflNSHF!OIJ 96 
12/04/'89 2 4 5  El747 .:IT90 7R4G I M F!V 05%-SIW S I N  SINGHF'ORE N "VERY LRRGE SERl3III.L." N : O F!EVEE;EF! LCICKED Ol.lT.DflHfll;E?7 245  
12.106/'8'3 163 H900 .:IT90 7R4H1 1 N -.]ED X U  JECIOHH,SRlJClI R F i W  R N COHHON ROCK UIWE 2P 1 N : 2 ;1 FB SEVERE OH6.TI:lUCH h GOWR") 1.630 1. 

https://HACIRITII.IS


DRTE FOTt R K  ENG OASH POS SIGEVT HL.T SPO CREU F'OF CITYPRS HPT LOIXLE VIBE IFSD :HEICUE: FGHI .J: KLHNO: Pa: NHS REHRRt:S 

12/13/83 
12.r14r'89 
12/14/89 

8 6  A320 CFH56 
9 7  H ~ K I  CFE. 
9 7  H310 CFE-

5 
@OH 
UOH 

2 N 
1 HEHB 
2 HEHB 

LR 
LR 

-SRN 
HtlK-IST 
HHK-IST 

XU!S SflH D l  EGO, CAL. 
IST 15TRHElUL.TLIRk:E'r' 
IST ISTANEIUL. TURKEY 

rl 

N BLHCK-HEHDEO 
N BLHC:K-+IEHOED 

GULL 
GULL 

N 
N 
N 

0 
1 20  FEI SHNGLD, 1FB BLEt4CiRRLE 
Cl H I T  IHHED .RFTER TOUCHOOUN.0IZER lOOHIT RC 

BE. 
9 7  
9 7  

12/15/89 2 2 1  8747 JT30 7 0  1 N TPE-BKK XF0 TRIUHN OR THFIILHNU H N Cl EVIDENCE FOUND Ill IHL.ET ON l5R0IJNKl 2 2 1  
12.*'1'3/89 21E. R310 JT'3D 7R4 2 N TR RRIJ- ElRl-l EIRI.ISSEL5, DELGI IJH N COHHON LHPUINE~ N 2 INl2.4F'B RE.2FB BKN.14FEI MG.RLL FB RPLCU 216  
12.8 19/83 220  H300 JT'30 7R4H 1 N LR HEO-.JED JED JEUDHH~S;AIJDI RRHBI R N CI POUER RT REVERSE IDLE 220  
12/20/8'3 
12/23/89 

109 8767 CF6 
110 RSl0  CF6 

UOC2 
UOC2 

2 
2 

N 
N 

LD -TVO 
-nEm 

TYO TOEYO-TYO...1RPRN 
XFO HOHBRSH.LENYH? 

N 
N 

N N 
N 

2 
Cl 

7 FB unm. STG 1 I:w BLS. rI:IRW 
SLIGHT FB DHG UI  THIN LlHXl'S 

109 
110 

12.8'28/8'3 
l 2 / 3  1/83 

116 8757 RE211 S35C 
8 7  H320 CFH56 5 

2 SEHB 
1 N 

TO 
LR 

BFS-LHR 
-LtlS 

ElFS BELFRST ,N . I  REI.HND. 
LYS L YON .FRHNI:E 

UE N COHHON LHPUINEi 
N 

4.6 N 
N 

2 4FR. 
I 

15IPC EIL BE/DE.I NVESTGTU 116 
8 7  

0l/O1/9l l  
Cl1.*'01/90 

215  8767 4000 
218 E l l 0  4000 

4056 
4158 

2 N 
N 

TR HRE-LGU HRE HRRRRE.ZI HElflBUE 
XFO KOREH OF! IHDONESIFl 

N RFRICHN ERGLE OUL 
N 

0 NRNG .SHELL, FL.AWS. SIJRGE.b'UL P0UER REO. 
D FOLIND OURING OLERHRIJL.INT0 I~ORE.ENG OH67 

01.~'02/9Il 
Cl1/09/9Cl 

1 9 1  8747 CF6 
192 R310 CF6 

80C2 
BOC2 

2 N 
1 N 

LR 
LO 

-HKG 
--LCR 

HKG HOHG KONG 
LCR LRRNWR. CYPRUS 

N 
N 

5.0 
N 

N 
I 4  

1 1 FB LE DISTORTION 
0 CIEWT ON INLET' COUL L I P  Gkfl INSF' 

01.*'14/9Cl 
C11/15/90 

184 R767 CF6 
219  8767 JTSD 

UOH 
7R4 

1 SEHB 
1 SEHB 

LR 
HP 

-LTN 
HNU-SPK 

LTN LONDUN-L.UTCIN. ENGLHND.Uk: 
SPk: SRPPORO. JHF'RN 

N HUNGRRIHN PflRTRI OGE 
N COHHON POCHRRU 

N N 1. 3 FB RPLCE.LE DEN'T. T I P  CLIRL. 
2 ElENT C5 B1.O PREVIOUS STRIKE EVIDE't4I:E. 

01/16/9U 193 A.910 CF6 80C:2 1 HESB -UL A XFCI DOI.IRLH. CHHEROUN 777 N N Il FREFLITE INSP HT O1.R 
01.21&/90 
01/18/90 

193 H310 CFb 
194 A310 CF6 

80C2 
flOC:2 

2 
2 

HES0 
N LO 

-ULA
-"A F  

XFCl DOIJRLR, CHHEROIIH 
SXF' E.BEUL IN,lIiERHRN'r' 

i'77 N 
N "CU0U"? N 

N 
N 

0 
Cl 

PREFLITE XNSP AT ClLH 
STHIN ON SF'INNEF!. BOOSTER INLET. 

01/24/90 195 876'7 CFL 8OC2 1 N L.R -1GU IG l I  IGClRSSfl FHLLS.BRR;ZIL N N N I t4G. Ium E I~OS~ERHREA 
01/28/90 185 H91Cl CF6 UOH 2 N C:L. HNK- HtlK Ht4L:RRFIJURKE'r' N .:I. 5 N 1 2 FB L.E DISTORT 
01/28/9U 196 R300 CFG 80C2 2 1 UKK-CNX XFU THHI LRNO N N N 0 
01/29#'90 
Olc'30/90 
02/02/90 

197 8767 CF6 80C2 
180 H320 CFH56 5 
19& 8767 CF6 80H 

2 N 
2 N 
1 t4 

CL 
-7t 'Z 

CDI:;-
- tWJ 

XFO TORONT 0. CHNHOR 77 
C:DG F'RRIS-CDG ,FRHNI::E 
XFCI HRTSIJbr'RHA. JI-IPHN i'7 

N 
N 
N 

N 
N 
N 

0 GRD. It4SP. 
IU DGV FHIRNGS WtI.  5 PR FEI RPLIXI 
0 EUUNIX FOUND GFX!.IN!5P. 

02/08/90 
02r'D9/90 

222  8767 JT9D 
244  H310 JT90 

7R4D 
7R4E 

2 N 
I nESB 

TLV.. CDG 
SIN-cne 

XFO TEL RL'IL' I:IR PRRI S-CDG N 
XFII SIHGHPOF:E.~COLOHElO.SRI LHNKH N 

N 1 2 FB EIE 
Cl URLK HROLIHCl.ZULU TIHE. 

02.*'09/90 294  N310 JT3D 7R4E 2 HESB SIN-CHB XFO SINGHPORE.~'COLllHEIO. SRX LHNKH N Cl UflL.K HRCIIIHCI. ZULIJ 1"IHE.. 
Cl2/10/90 
02/11/90 
02.,'11/90 
02/11/9Cl 

19B 8747 CFG 
18'7 8767 CFC 
2 2 6  8747 4000 
2 4 3  H310 JT'30 

00C2 
8OH 
4056 
7R4E 

1 N 
2 t4 
2 SEHB 
2 N 

L.R 

FIP 

-.WT 
-.JFK 

LRX-SYO 
KTH-CC:U 

JKT JRERRTR. INDONESI R 
>:US NEU 'KIRK-.JFK, N'r' ? i'? 
XXX LO5 HNGEL.E5/!5YONE'r'.HLISTRLH 
CCIJ CRLCLITTH.INOI A 

N 
'r' 
11 
N "BIG HRUK" 

N 
N 

0 
1 f FB RPLCU 
t 3 FB oncia 
O 

02/12/90 199 8767 CF6 QOC2 2 N -0SR NFO OSHKH. JHPHN 77 7 N N N Cl GRD. INSP. 
02/12/90 
02./13/90 
02/13/90 

2 2 4  DCl0 JT03D Ei9H 
1 9 1  H320 CFH5% 5 
2 2 7  H310 .IT90 7R4E 

3 N 
1 N 
2 N 

NRT-8E:K 
EIRE-F6R 

-8RU 

XFCl TOKYl.7-NET OR BHNGKOK 
XFCl EIREHEN,'FRHNKF URT .FERHRNY 
XF0 BRIJSSEL.S.BELI~Il-IH? i" 

N COHHON SNIPE 
N 
N HRLLRRD DUCK 

N 
N 
n 

0 GRCl INSF'.CL STHTOR HIT  
0 ClDClR 014 PREVIOUS FLIGHT 
Cl EIIRO INTO CORE .UAL.KRROCINU. 

02/14/90 10'2 H320 C:FH56 5 1 N 0 N LR -TLS TLS T01JL0LISE.FRflNCE N N 0 
02/14/90 2 5 1  HZ100 JTYD 5913 1 N 0 N TR UPS- ClPS UENPHSRR.BFIL.I N 1 3 FB BE 
CI28'18/90 
02/13/90 
02c'21/90 
02/21/90 

2 0 0  8747 CFE. 
l8El 8767 CF6 
2 0 1  8767 CFE. 
2 0 1  8767 C:Fb 

E:OC:Z 
UOH 
801::2 
80C2 

4 N 
1 N 
1 HESB 
2 HESB 

0 

0 
0 

V1 
V1 

N 
N 
urn 
HTEl 

LR 

TR 
TR 

-HHS 

HH'S-
HH!5-

HHS HHST EEOHH .NETHERLHNUS 
XFCl BRHZIL7 
AH!!; HHSTERORH.NETHEF:LHNOS 
HHS FlnSTERDHH. NETHEF:LRN05 

N 
N 8LHC:K VIkTlIRE 
N COHHON LHPUING 
N COHHON LHPUXHEi 

4.1 

I  !  

N 
N 
N 
N 

2 11 UKi  FR. 
2 12 HW: STG 1 BL 0HGU.ENG 
1 3 FB T I P  CURL. 
1. 

RPLCU. 

Cl2.*'2 1/90 
02/21/90 

225  8767 JTSO 
225  8767 ;IT90 

i'R40 
7R4D 

1 HEHB 
2 HEHB 

MI0 
WJO 

N 
N 

HP 
HP 

0SR-HNO 
OSH-HNO 

HNCl TOKYO-HHO. ;IfiF'RN 
HNKI TOKYO-HMO .JflPACI 

N GREHTER SCHUP 
N GREHTER SCHUP 

2 
Cl 

DENT 5 4  RLRUES HlJLTI -BI  RCI? 7 
225  

02.4?4/90 
02/26/90 
02/27/90 

225  H3015 JT9D 
202  876'7 CFE-
206. 13310 CF6 

7R4H 
801::2 
ROC:? 

1 N 
2 N 
2 t i  

0 
0 

VR 

V l t  

RTB 
N 
HTEI 

TR 
L.R 
TO 

NB0-JED 
-SHJ 

SXF-

NBO NRI Rl3UI .KENVH 
SHJ SHHRJHH. UH EHIRMTFS 
SXF E .BERL.I N. GERHRNt' 

N HELHETEEI GIJIMER FOUL, 
N 
N HUNGREIHN PRRT R I  DGE 

2.0 

2.8 

N 
N 
N 

2 SHELL. BflNG.3FB LE T I P  BRk:tl.FEEiV 
CI 
1 1FR TORN. LFB DISTORTEU 

BREN 223  
202  
206  

03/02/90 2 2 8  875'i' 2000 , 20.37 
03.~'04/91:1 203  8767 CF6 BOI::? 
I:l3/05/90 183 H320 CFH56 5 
03.~'05r'90 189 8767 C:F6 E:OH 

2 N 
2 N 
2 N 
1 N 

0 

N 
N 

120 N 
N 

TR 

HTL.-HSY 
-nxr 

LST-HEL 
-0KJ 

XU!! HTI-RWR OR NEU CIRLEHNS 
XFO HKI TH. JHPHN i'7 i' 
LST L.RI.IMCESTON, RSISTRHL TH 
XFCI CIKWYHHR. JHPRN ?? 

7 
N 
N 
N 

"PLCIUER" 9.9 

N 
N 
N 
N 

2 
2 
2 
0 

3 FB UtlG. 1 LE T I P  8RK OlJT 
3 STlj 1 COMP BL SHIFTEO--5ERVIC:EABLE 
2 0  FB DHG.EtII> RiWLI. 1 FEI T I P  FRFIF. 
FD.GF!CIUND INSP. 

2 2 8  
203 
1.83 
189 

03/07/90 
03/Oa3/90 

204  8747 CF6 
2 2 9  8767 401:lO 

BOC:2 
4056 

3 N 
1 N 

O 
0 70 

N 
N 

LR 
1.R 

JFK-HHS 
HUE-NBO 

HHS HHSTERDHH, NETHERLHNOS 
NBIJ NRI RCIUI .KENYH 

N RING-NECKED 
N ULHCK !:IT€ 

PHEHSHNT N 
N 

1 3 FB LE DISTORT--RPL.C:O 
1 STRONCi SHELL. IEIL HE. 

204  
i !29 

03/16/90 230  R300 JTSD 7R4H 1 1 N N RUH-JEO XFO RI'r'RDH SIR JEOOHH. S-RRRBIH N 1 CIENTED C:OUL L1P.UHL.K RF!OlJNO. 230  
CW16/90 2 3  1 H300 JT90 7R4H 2 N 144 N CL UHH-RUH DHH DHHHRHN. SHI.IOI HRRUIH N HERRING GULL HIGH N 2 I t iLET C0UL: 4 6  HOI. E!5. 2 FU BRK. DIJT 23  1. 
03/17/90 
03/24/90 
03/24/90 
U3/26/90 
04.42/90 
09/04/90 

2 0 ?  B757 RB211 535C 
1913 8767 OF6 ROH 
232  8747 JT90 "?a 
205  R310 CF6 OOC2 
27E. HA10 CFE. ElOH 
233 876'7 JT'30 i'R40 

1 N 
1 N 
3 N 
2 N 
2 N 
1 W 

0 

XI0 

N 
N 
N 
N 
N 
N 

TR 

HP 
RP 

LHR-HHN 
-TYO 

BUE-RID 
-FF!R 
-SHJ 

HNO-SPK 

XFO LOHOON-LHR/HFIt4CHESTEF!~ENI~. N 
XFO rOEYO- rn#o. JRPRN 777 N 
BUE EIUENOS HIRES. ARGEUrINA N 
XFCI FRHNKFURT .CiERHHNY 7 7 N 
SHJ S;HRR.NIH. UH EHIRFITES N 
SPK SRPPMO, JHF'RN N 

"SHHLL" N N 
N 
N 
N 
N 

Cl BIRD HATTER UOUU EIYPRSS DUCT' 20'7 
0 FD. GF!O 1NSEC:T 1.90 
2 HT CFUISE HVH 1.5.7 F 8  DM,, 3FEI EIRKN i!32 
0 EiRU INSF' 205  
2 16FB UtKi EIEYCINU L I  H I  TS .6M:OIJ L.1 HERS OHGU 276 

no INTO CORE. 233 



. 

N 

DRTE E  l  I :  EI :  DASH PO!> SIGEUT SITYPF'S HPT L01: RLE SPEC 

2 SEHB 
1 N 
2 SEHB 
1 N 
2 N 
2 N 
2 N 
1 N 
2 N 
1 N 
2 N 
3 N 
1 N 
1 N 
2 N 
2 N 
4 N 
1 ti 
1 N 
I N 
2 N 
I I 4  
2 # 
3 N 
2 N 
1 N 
1 N 
1 N 
2 N 
1 N 
1 N 

N 
1 W 
2 N 
2 N 
1 # 
4 N 
1 N 
1 SEW0 
2 N 
1 N 
2 N 
1 N 
1 1NG'ULPIXILI:IS 
1 N 
IN 
2 N 
1 H 
2 N 
1 N 
2 N 
2 N 
2 N 
I It 
1 N 
1 It 
1 H 
1 N 
1 W 
2 SEHB 
1 n m u  

137 N 
N 

1 1 1  PI 
I:I N 

N 
N 
N 
N 

I:) N 
N 
N 
N 

15 b ' l t  HTEl 
1000 N 

l:l G ' l t  HTEl 
N 

N 
N 

111 N 
N 
N 

I:I N 
N 

l:I N 
I:I v ~ rHI'B 

N 
N 
N 
N 
N 

LO 
LR 

C I .  
HP 

LR 

LD 
TR 
UP 
TR 

l " X  

LR 
C:L 
L.R 
T R  

Hf' 
HP 
HP 

L I L - L I L  
-HRB 
- UHW 
-DlIS 

LAX-'r'VR 
L HR-!XIS 
HSP-I:IC fl 

-FUK 
YUU-HHS 

-T'r'O 
-TY0 

PflF-PHE 
OR','-.JF K 
'rlvF:-'f','i! 
HYT-

-Tt'O 

-nYJ 
SXF -PF 0 
BNE-POH 

-TF'fl 
-TOY 
-€El0 

I P E - H a  
-L8R 

L r L -
-8KK 
-nv3  

NR'r-HEiO 
-TClY 
-OC;fl 

TFS-RkIS 
-STR 

L HR-I..C:R 
-GIG 
--KE0 

SYO-HFL 
?;HI -

-NCiS 
HGU-
1BZ-
FKL-S'r'O 
LTH-!SC:L. 

-LTt4 
--nw 
--c:c:z 
-LC:fl 
-BSR 
-tint( 

EISL-LHR 
-RHR 
-THK 

LY5-BI:I0 
PEK-SHR 
HLH-HLIC 

-0- .>U,I 
-HEL 
-805 

L I L  L ILLE.  FyI;:HNC:E 
XFO ARLRNUfl.SUE DEtt Z7 
UHU UHRSHU,POL FItIO 
CIUS ClU!;SEL nCIRF. GERHHN'rl 
>:X:.: LD!: HUGE LES I:lR CtflNCOI.IVlf R 
L.HF: L0NDI:IM-L HE. ENGI.HNO.IJk: 
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	EXECIJTIVE SUMMARY 
	During 1981-83, the Federal Aviation Administration (FAA) conducted a study of bird ingestions into large high bypass ratio (HBPR) turbofan engines [I]. The majority of such engines in service at that time were certificated under airworthiness standards for bird ingestion pre-dating Change 1 (October 1974) to Part 33 of the Federal Aviation Regulations. Over the past decade many newer HBPR engines, that were designed and certificated to more stringent standards, have come into wide-spread service. The curre
	The data in this interim report, which represent approximately 65 percent of the total amount expected for the study, were generated from over 2 million operations flown by a fleet of more than 1100 aircraft during the period January 1989 to September 1990. Aircraft models include the A300, A310, A320, B747, B757, B767, and DC10. 
	A total of 381 aircraft ingestions was reported, yielding a worldwide ingestion rate of 1.85 ingestions per 10,000 aircraft operations. This is approximately 80 percent of the rate in the 1981-83 FAA study. The foreign aircraft ingestion rate is currently more than four times the United States rate, compared with two and one-half times in the previous study. 
	Aircraft ingestion events were reported to have occurred at 120 different airports worldwide. One airport had 10 events and two others had 7 each. All three of these airports are outside the United States. The largest number of events at any United States airport was 4. 
	There were 16 multiple engine events, yielding a rate slightly under 8 per million operations. Each involved two engines of the aircraft. Thirty-five (35) of the 397 engine ingestions are known to have involved multiple birds. 
	The species of ingested birds are consistent with the 1981-83 study. The herring gull, common lapwing, black-headed gull, and common rock dove were the most frequently identified ingested bird species. The first three were also the most frequently encountered birds during multiple engine or multiple bird ingestions. 
	Bird weights, both United States and foreign, are markedly similar to those in the previous study. This is true not only in terms of summary statistics (median, mode, mean, etc.) but also in terms of the distribution functions for the weights. As before, birds ingested in the United States tend to be heavier than foreign birds. 
	Forty-seven (47)percent of engines that ingested birds had some reported damage, compared to 62 percent: in previous study. Fifty-four (54) percent of current engine damage was classified as "minor," which typically consisted of leading edge distortions or at most three bent, dented, or torn fan blades. 
	The aircraft ingestion events were fairly evenly split between the departure (takeoff or climb) and arrival (descent, approach or landing) phases of flight. However, engines ingesting birds during departures sustained damage at about twice the rate as in arrivals. 
	vii 
	An unscheduled crew action (aborted takeoff, air turnback, etc.) was performed in 14 percent of the aircraft events, which is half the rate in the previous study. There were 11 in--£ light engine shutdowns (IFSD's) , representing less than 3 percent of all engine events. In the previous study, nearly 13 percent of engine events resulted in an IFSD. 
	Following is a summary of some data from the current and previous FAA studies. Except where noted, all numbers represent worldwide data. 
	DATA SUMMARY 
	Current Study 
	Current Study 
	Current Study 

	i/ 
	i/ 
	aircraft 
	1162 (5190) 

	# 
	# 
	operat ions 
	2,056,676 


	# aircraft ingest ions J( ingestion rate (x loA-4) * # multiple engine events multiple engine ingest ion 
	rate (x loA-6) f engine ingestions # multiple bird engine 
	ingestions % multiple bird ingestions i/ damaging engine ingest ions % damaging engine ingestions 
	J( modal bird weight (02.) * J( 
	median bird weight (02.) 
	mean bird weight (oz.) 

	# crew action alc evts. 
	% crew actions # IFSD eng. evts. % IFSD's 
	1. INTRODUCTION. 
	1.1 BACKGROUND. 
	1.1 BACKGROUND. 
	The Federal Aviation Administration (FAA) conducted a study during 1981-83 to determine the numbers, weights and species of birds being ingested into all large high bypass ratio (HBPR) turbofan engines in service worldwide and to document any resultant damage. The purpose of that effort was to provide data in support of possible changes to the airworthiness certification standards for bird ingestion, so they might better reflect actual service experience. The data were collected by the three principal large
	The majority of large HBPR engines in service at that time were certificated under bird ingestion standards pre-dating 1974. Over the past decade, many newer large HBPR engines that were designed and certificated to more stringent standards have come into wide-spread service. The current study grew out of a need to ascertain any changes that have occurred in the bird threat and to assess the effects of bird ingestions on these newer engines. 
	The abovementioned three engine manufacturers were again contracted by the FAA to provide as much pertinent data as possible on all known bird ingestions into engines that were certificated under standards of 1974 or later. Unfortunately, because of complexities in contractual startups, it was not possible to synchronize the initiation of data collection between all three manufacturers. The RR and PW data reporting started in January 1989, while GE data collection began in July 1989. It is anticipated that 
	Two additional FAA bird ingestion studies, for medium and small turbine engines, were conducted in recent years. They were reported on in references 2 and 3. 

	1.2 OBJECTIVE. 
	1.2 OBJECTIVE. 
	The objective of this study is to determine the numbers, species, and weights of birds being ingested into certain modern large HBPR turbine engines during worldwide service and to assess the impact of these ingestions on engines and aircraft operations. 

	1.3 ORGANIZATION OF REPORT. 
	1.3 ORGANIZATION OF REPORT. 
	The main body of the report is contained in Sections 2 through 5. These sections are ordered so as to deal with relevant topics according to increasing dependency and complexity. The aircraft fleet under study and operations flown by it are discussed in Section 2. Section 3 deals with various kinds of ingestion events and their rates of occurrence. Airports are also discussed. The population of ingested birds is analyzed in Section 4,while Section 5 examines the adverse effects of bird ingestions on aircraf
	2. ENGINES, AIRCRAFT, AND OPERATIONS. 
	The current study involves all aircraft containing certain large high bypass ratio engines that were certificated under the most recent and most stringent airworthiness standards, i.e., those of Change 1 of October 31, 1974, or Change 5 of March 26, 1984, to Part 33 of the Federal Aviation Regulations. Both of these contain a requirement that an engine having inlet area greater than 3900 square inches continue to operate with 75 percent power and under specified conditions of safety upon the ingestion of a 
	Table 2.1 lists each of the engine models covered in this study, along with its manufacturer, takeoff thrust(s), bypass ratio(s), fan tip diameter, inlet area and year(s) in which it was certified. All engines except the V2500 and CFM56 have inlet areas larger than 3900 square inches and, thus, require an eight-bird "medium bird" certification test. The CFM56-5 was certified with seven 1.5-pound birds and the V2500-A1 with six. 
	The above engine models have been installed in the following types of aircraft: B747, B757, B767, DC10, MD11, A300, A310, and A320. The B747 has four engines while the DClO and MDll each have three engines. The rest are all two-engine aircraft. All engines are wing-mounted with the exception of a single tail-mounted engine on the DClO and MD11. Table 2.2 indicates the approximate number of aircraft in service for each aircraft type included in this study, broken down according to engine model. The numbers r
	represented in this study. The MD11, which entered commercial service in December 1990, will be included in the final report for this study. 
	An "aircraft operation" is simply one complete flight cycle of an airplane. (See Glossary for formal definition.) It was not possible to utilize Official Airline Guide computer tapes to derive operational data as in previous studies [l and 21 because these tapes do not distinguish between B747, A300 and DClO aircraft having older engines and those with the newer engine models included in this study. All operational data, including estimates of United States (50 states) and foreign (non-United States) operat
	Figure 2.1 charts the number of monthly worldwide aircraft operations for the entire fleet of aircraft under consideration. These numbers correspond to the data contributed for this report by each engine manufacturer, i.e., there are no operational data from GE for the period January 1 through June 30, 1989 (months 1 through 6) or from PW for September 1990 (month 21). These facts, along with a steady growth in the aircraft fleet over the reporting period, account for the large variation in monthly totals. 
	TABLE 2.1. ENGINE MODELS 
	TABLE 2.1. ENGINE MODELS 
	ENGINE 
	ENGINE 
	ENGINE 

	MODEL 
	MODEL 
	MANUF. 

	TR
	PW 

	TR
	GE 

	TR
	RR 

	TR
	IAE 

	TR
	CFMI 


	TAKEOFF THRUST (1000 LB) 
	53-56 53 53 48-56 37-41 52-60 48 
	52-60 37.4 40-43 
	58 
	60.6 25 25 
	FAN 
	FAN 
	FAN 
	INLM' 

	BYPASS 
	BYPASS 
	DIM 
	DIM 
	YEAR(S) 

	RATIO 
	RATIO 
	(IN.) 
	(IN.) 
	CERTIFIED 


	TABLE 
	TABLE 
	TABLE 
	2.2. 
	AIRCRAFT 
	FLEET 

	, . 
	, . 
	MANUF. 
	ENG.MODEL 
	A300 
	B767 
	DClO 
	MDll 
	TOTALS 

	TR
	PW GE RR IAE CFMI 
	JT9D-7Q JT9D-59A JT9D-70A JT9D-7R4 PW2000 PW4000 CF6-80A CF6-80C2 RB211-535C RB211-535E4 RB211-524G RB211-524H V2500-A1 CFM56-5 
	24 19 9 48 

	TR
	TOTALS 
	100 


	Figure
	As noted in the Introduction, the IAE and CFMI operational data were collected by PW and GE, respectively, and correspond to their reporting periods. 
	Figure 2.2 indicates the total number of worldwide aircraft operations for each aircraft type, broken down by United States and foreign categories. As in the previous figure, these numbers correspond tothe reporting periods of each engine manufacturer. The B757 and B767 flew the largest number of both domestic and worldwide operations. The five remaining aircraft types operated in a predom-inantly foreign environment. Overall, about 70 percent of the total fleet's operations were foreign. The precise number
	in some cases, from educated guesses by the engine manufacturers and should be viewed as approximations. 
	Figure
	3. INGESTION EVENTS AND RATES. 
	In this section various types of bird ingestion events are defined and their frequencies of occurrence are discussed. Although the current: study attempts to document all incidents of bird ingestions into the requisite engines, it is likely that many such occurrences remain undiscovered or go unreported. It should be emphasized that only "reported" bird ingestions can be discussed here. 
	An "aircraft ingestion event" (usually abbreviated as "aircraft ingestion" or "aircraft event") occurs when one or more birds are simultaneously ingested into one or more engines of an aircraft during an aircraft operation. (See Glossary for formal definition.) 
	Three hundred and eighty-one (381) aircraft events are reported on herein. One of these was a foreign event in which the aircraft type is unknown. Figure 3.1 depicts the aircraft type for the remaining 380 events and indicates whether they occurred inside or outside the United States. This latter information is unknown for 14 of the events. Of those remaining, only 34 occurred in the United States while 333 were foreign. There were no reported United States ingestions for the A300 aircraft and only one for 
	It is more meaningful, however, to consider the number of ingestions relative to the frequency of exposure. An "ingestion rate" is obtained by dividing a quantity of ingestion events by the corresponding number of operations. Figure 
	3.2 is a histogram of reported aircraft ingestion rates for each aircraft type, broken down by United States, foreign, and worldwide categories. As is customary, these rates are expressed in units of ingestions per 10,000 aircraft operations. Only the A320 and B747 had reported United States ingestion rates greater than two, with the latter's actually being more than its foreign counterpart. The A300, A310, B7.57, and B767 all had substantially higher foreign ingestion rates than domestic. Surprisingly, the
	Table 3.1 summarizes aircraft ingestions, operations, and ingestion rates according to aircraft type and United States/foreign/worldwide. The numbers therein were used to generate figures 2.2, 3.1, and 3.2. The reported worldwide 
	ingestion rate for the entire fleet is currently 1.85 (per 10,000 operations), compared to 2.33 in 1981-83 [l]. The current foreign rate, 2.34, is more than four times the domestic rate of 0.54. In the 1981-83 study [I], the foreign rate was approximately 2.5 times the domestic rate. Two possible explanations for this disparity are that (1) bird control measures have been relatively more effective over the past decade at domestic airports than at airports outside the United States, and (2) foreign carriers 
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	FIGURE 3.2. INGESTION RATES BY AIRCRAFT TYPE, US/FOREIGN/WORLDWIDE 
	TABLE 3.1. OPERATIONS, INGESTIONS AND INGESTION PATES BY AIRCRAFT TYPE 
	AIRCRAFT INGESTIONS US FOR UNK WW 
	AIRCRAFT INGESTIONS US FOR UNK WW 
	AIRCRAFT INGESTIONS US FOR UNK WW 
	AIRCRAFT OPERATIONS US FOR WW 
	INGESTION RATES (PER 10,000 OPS.) US FOR WW 

	A300 0 25 A310 1 62 A320 3 41 B747 9 40 B757 15 34 B767 6 119 DClO 0 11 unka/cO 1 
	A300 0 25 A310 1 62 A320 3 41 B747 9 40 B757 15 34 B767 6 119 DClO 0 11 unka/cO 1 
	0 25 0 63 0 44 7 56 1 50 6 131 0 11 0 1 
	32,824 147,064 179,888 16,333 262,678 279,012 12,276 122,633 134,909 36,624 217,121 253,745 375,117 262,689 637,806 158,279 367,366 525,645 0 45,671 45,671 
	0.00 0.61 2.44 2.46 0.40 0.38 -
	1.70 2.36 3.34 1.84 1.29 3.24 2.41 
	1.39 2.26 3.26 2.21 0.78 2.49 2.41 

	TOTALS 34 333 14 381 
	TOTALS 34 333 14 381 
	631,453 1,425,222 2,056,676 
	0.54 
	2.34 
	1.85 


	Because of the staggered start of data collection, any attempt to derive seasonal effects on the bird ingestion phenomenon by simply counting monthly aircraft ingestions could prove misleading. Again, it makes more sense to look at ingestion rates. Figure 3.3 plots reported worldwide ingestion rates by month and year for each of the 21 months of data. In general, the rates are highest from June to October and lowest in December and January. Strictly speaking, this does not show seasonal effects since aircra
	Some indication of the phase of flight during which an ingestion took place was given for 225 of the 381 aircraft events. Figure 3.4 summarizes these data as reported by the engine manufacturers. All but one event: (a cruise) involved a flight phase near an airport. The aircraft: ingestions are fairly equally divided between departure (102) and arrival (118) phases. Sixty-two (62) of the former events and 55 of the latter took place on the runway. 
	In 16 aircraft events, more than one engine of the aircraft ingested a bird, i .e., there were 16 "multiple engine events. I' All of these involved two engines of the aircraft. Figure 3.5 illustrates, according to aircraft type, bath the frequencies and rates of multiple engine ingestion events, worldwide. The rates are given in units of ingestions per million aircraft operations. The aircraft in four of the multiple engine events were B747's while the remaining 12 events involved both engines of two-engine
	Since 397 different engines ingested one or more birds, a total of 397 "engine ingestion events" (usually abbreviated as "engine events" or "engine ingestions") occurred during the reporting period. (See Glossary for formal definition.) 
	When more than one bird is ingested into an engine, the corresponding aircraft and engine ingestion events are called "multiple bird aircraft events" and "multiple bird engine events," respectively. There were 35 multiple bird engine events. Specific numbers of birds that were ingested in these events are discussed in Section 4. In 29 aircraft events, at least one engine of the aircraft ingested more than one bird; i.e., there were 29 multiple bird aircraft events. Of these, eight were also multiple engine 
	Each multiple engine or multiple bird aircraft event falls into precisely one of the following categories: single engine-multiple bird (SEMB), multiple engine- multiple bird (MEMB), and multiple engine-single bird (MESB). These are all considered to be "significant events." Other events defined to be "significant" in this study are involuntary power loss, transverse fracture of a fan blade, and airworthiness effects. The last category encompasses any flight safety-related incident not covered by the previou
	Table 3.2 summarizes, in chronological order, the 42 significant events that were reported. The 16 multiple engine events are seen to be evenly split between 
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	FIGURE 3.3 WORLDWIDE INGESTION RATES BY MONTH AND YEAK 
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	TABLE 3.2. SIGNIFICANT EVENTS 
	DATE A/C ENGINE SIGNIFICANT EVENT US/ FOR POF 
	RB211 535C MESB FOR JT9D 70A AIRWORTHY FOR 4000 4152 SEMB FOR JT9D 7R4D MESB FOR JT9D 7R4G2 SEMB JT9D 7R4D SEMB FOR JT9D 59A SEMB,INVOLUNTARY POWER LOSS FOR JT9D 7R4G2 AIRWORTHY FOR CF6 80C2 SEMB FOR V2500 Al SEMB FOR CF6 80C2 SEMB FOR CF6 80C2 TRANSVERSE FRACTURE FOR 4000 4056 MEMB us JT9D 74 MEMB,TRANSVERSE FRACTURE us 4000 4060 SEMB RB211 535C MESB FOR 4000 4060 SEMB FOR JT9D 7R4D MEMB FOR 4000 4060 SEMB FOR CF6 80C2 MESB FOR CF6 80C2 SEMB,TRANSVERSE FRACTURE FOR JT9D 7R4D SEMB FOR RB211 535C SEMB FOR CF
	departure and arrival phases of flight. (The acronyms used for phases of flight are defined in appendix C.) Six (6) events are known to have resulted in an involuntary power loss, four of which involved the transverse fracture of a fan blade. All six occurred during departure. In addition there were two "airworthiness" events--one involving extensive cowl damage (event 16) and the other (event 39) resulting in a reduction from the planned flight altitude. Significant events warrant close scrutiny because of
	The airport near which the ingestion occurred was able to be identified in 226 (60 percent) of the aircraft events. All told, aircraft ingestions are known to have taken place in the vicinity of 11 domestic and 109 foreign airports during the reporting period. Of the 155 aircraft events in which the associated airport could not be determined, it is known that 14 occurred in the United States and 129 were foreign. Table 3.3 lists all airports at which aircraft ingestions are known to have occurred and tallie
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	TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE 
	AIRPORT 
	ANC BOS DCA JFK LAX MCO MEM ORD PAE PIE SF0 XFO XUS XXX YUL YVR YYZ 
	AIRPORT 
	BUE GRU IGU LIM MA0 
	N.AMERICA 
	LOCALE 
	ANCHORAGE, ALASKA BOSTON,MASS. WASHINGTON-NATIONAL,DC NEW YORK-JFK,NY 
	LOS ANGELES,CAI,. 
	ORLANDO, FLORIDA MEMPHIS,TENN. CHICAG0,ILLINOIS EVERETT,WASHINGTON ST.PETERSBURGH,FLA. SAN FRANCISC0,CAL. UNKNOWN, CANADA UNKNOWN, US UNKNOWN,N.AMERICA MONTREAL, CANADA VANCOWER, CANADA TORONTO, CANADA 
	REGION TOTALS 
	S.AMERICA 
	LOCALE 
	BUENOS AIRES,ARGENTINA SAO PAUL0,BRAZIL 
	IGUASSA FALLS,BRAZIL LIMA, PERU MANUS, BRAZIL 
	AIRCRAFT AIRPORT AAABBBD TOTALS 333777c 0124561 0007770 
	AIRCRAFT AIRPORT AAABBBD TOTALS 333777c 0124561 0007770 
	REGION TOTALS 0001040 
	TABLE 3.3. 
	TABLE 3.3. 
	TABLE 3.3. 
	AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 

	EUROPE 
	AIRPORT LOCALE AIRCRAFT AIRPORT AAABBBD TOTALS 
	333777c 0124561 0007770 
	AMS AMSTERDAM,NETHERLANDS 1 
	AMS AMSTERDAM,NETHERLANDS 1 
	513 

	BCN BARCELONA,SPAIN 
	BCN BARCELONA,SPAIN 
	1 

	BEG BELGRADE,YUGOSLAVIA 
	BEG BELGRADE,YUGOSLAVIA 
	1 

	BFS BELFAST,N.IRELAND,UK 
	BFS BELFAST,N.IRELAND,UK 
	3 

	BRE BREMEN,GERMANY 
	BRE BREMEN,GERMANY 
	11 

	BRU BRUSSELS,BELGIUM 2 
	BRU BRUSSELS,BELGIUM 2 
	1 

	BSIJ BASEL, SWITZERLAND 1 
	BSIJ BASEL, SWITZERLAND 1 
	1 

	CDG PARIS-CDG,FRANCE 
	CDG PARIS-CDG,FRANCE 
	2311 

	CFU CORFU,GREECE 
	CFU CORFU,GREECE 
	1 

	CPH COPENHAGENIDENMARK 
	CPH COPENHAGENIDENMARK 
	2 

	DUS DUSSELDORF, GERMANY 
	DUS DUSSELDORF, GERMANY 
	13 

	FRA FRANKFURT, GERMANY 2 
	FRA FRANKFURT, GERMANY 2 
	1 

	GRQ GRONINGEN,NETHERLANDS 
	GRQ GRONINGEN,NETHERLANDS 
	1 

	GVA GENEVA,SWITZERLAND 
	GVA GENEVA,SWITZERLAND 
	2 

	KAM HAMBURG,GERMANY 1 
	KAM HAMBURG,GERMANY 1 
	11 

	HER HERAKLION,GREECE 
	HER HERAKLION,GREECE 
	1 

	IBZ IBIZIA,SPAIN 
	IBZ IBIZIA,SPAIN 
	1 

	KEV KEVLAVICK,ICELAND 
	KEV KEVLAVICK,ICELAND 
	1 

	LBA LEEDS-BRADFORD, ENGLAND ,UK 
	LBA LEEDS-BRADFORD, ENGLAND ,UK 
	1 

	LGW LONDON-GATWICK, ENGLAND ,UK 
	LGW LONDON-GATWICK, ENGLAND ,UK 
	11 

	LHR LONDON-LHR,ENGLAND,UK 2 
	LHR LONDON-LHR,ENGLAND,UK 2 
	2 

	LIL LILLE, FRANCE 
	LIL LILLE, FRANCE 
	3 

	UU WUBLJANA,YUGOSLAVIA 
	UU WUBLJANA,YUGOSLAVIA 
	1 

	LTN LONDON-LUTON,ENGLAND,UK 
	LTN LONDON-LUTON,ENGLAND,UK 
	1 

	LXS LEMNOS, GREECE 
	LXS LEMNOS, GREECE 
	1 

	LY S LYON,FRANCE 
	LY S LYON,FRANCE 
	2 

	MGQ MI SKOLC ,HUNGARY 
	MGQ MI SKOLC ,HUNGARY 
	1 

	MUC MUNICH, GERMANY 
	MUC MUNICH, GERMANY 
	3 

	NCE NICE,FRANCE 
	NCE NICE,FRANCE 
	1 

	NTE NANTES, FRANCE 
	NTE NANTES, FRANCE 
	1 

	ORY PARIS-ORLY,FRANCE 1 
	ORY PARIS-ORLY,FRANCE 1 
	1 

	PIK PRESTWICK, SCOTLAND, UK 
	PIK PRESTWICK, SCOTLAND, UK 
	1 

	PMI PALMA, MALLORCA ,SPAIN 
	PMI PALMA, MALLORCA ,SPAIN 
	2 

	SXF E.BERLIN,GERMANY 
	SXF E.BERLIN,GERMANY 
	2 

	TIV TIVAT,YUGOSLAVIA 
	TIV TIVAT,YUGOSLAVIA 
	1 

	TLS TOULOUSE, FRANCE 2 
	TLS TOULOUSE, FRANCE 2 
	2 

	VCE VENICE,ITALY 
	VCE VENICE,ITALY 
	1 

	VIE VIENNA,AUSTRIA 
	VIE VIENNA,AUSTRIA 
	1 

	WAW WARSAW,POLAND 
	WAW WARSAW,POLAND 
	2 

	XFO UNKNOWN, EUROPE 
	XFO UNKNOWN, EUROPE 
	216 

	ZRH ZURICH,SWITZERLAND 
	ZRH ZURICH,SWITZERLAND 
	1 

	REGION TOTALS 2 19 27 10 22 15 0 
	REGION TOTALS 2 19 27 10 22 15 0 
	95 


	TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 
	AIRPORT 
	DPS 
	FUK 
	HIJ HND JKT KCZ KIJ MY J NGO NRT OIT OKA OKJ OSA PEN SDJ 
	SHI 
	SIN SPK TAK TOY TPE TYO XFO 
	PACIFIC 
	LOCALE 
	DENPASAR,BALI FUKUOKA,JAPAN HIROSHIMA,JAPAN TOKYO-HND,JAPAN JAKARTA, INDONESIA KOCH1,JAPAN NIGATA,JAPAN MATSUYAMA,JAPEUJ NAGOYA,JAPAN TOKYO-NRT,JAPAN OITA, JAPAN 
	OKINAWA,JAPAN OKAYAMA, JAPAN OSAKA,JAPAN PENANG, MALAYSIA SENDA1,JAPAN SHIMOJISHIMA,JAPAN SINGAPORE 
	SAPPOR0,JAPAN TAKAMATSU,JAPAN TOYAMA,JAPAN TAIPE1,TAIWAN TOKYO-TY0,JAPAN UNKNOWN,PACIFIC 
	REGION TOTALS 
	AIRCRAFT 
	AIRCRAFT 
	AIRCRAFT 
	AIRPORT 

	AAABBBD 
	AAABBBD 
	TOTALS 

	333777c 
	333777c 

	0 
	0 
	1 
	2 
	4 
	5 
	6 
	1 

	0007770 
	0007770 


	TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 



	ASIA 
	ASIA 


	AIRPORT 
	AIRPORT 
	BOM CCU DEL HKG KHI KTM 
	KUH 
	PAU PEK SEL SHA TRV XFO 
	AIRPORT 
	AKL 
	BNE 
	LST 
	PER 
	RMA 
	SYD 
	WLG 
	LOCALE 
	BOMBAY,INDIA CALCUTTA,INDIA DELH1,INDIA HONG KONG KARACH1,PAKISTAN KATHMANDU,NEPAL KUSHIR0,INDIA 
	PAUK,BURMA 
	BEIJING,CHINA SEOUL,KOREA SHANGHA1,CHINA TRIVANDRUM,INDIA UNKNOWN,ASIA 
	REGION TOTALS 
	LOCALE 
	AUCKLAND,NEW ZEALAND BRISBANE, AUSTRALIA LAUNCESTON,AUSTRALIA PERTH,AUSTRALIA ROMA, AUSTRALIA SYDNEY,AUSTRALIA WELLINGTON,NEW ZEALAND 
	REGION TOTALS 

	AIRCRAFT ABBBD 
	AIRCRAFT ABBBD 
	3777c 
	24563 
	07770 
	11 
	2 1 1 
	1 1 
	1 
	AIRCRAFT ABBBD 3777C 24561 07770 
	AIRPORT TOTALS 
	AIRPORT TOTALS 
	TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 
	TABLE 3.3. AIRCRAFT INGESTIONS BY AIRPORT AND AIRCRAFT TYPE (Continued) 
	MIDDLE EAST 
	AIRPORT 
	AMM 
	ANK AYT DHA ETH IST JED LCA RUH SHJ TLV XFO 
	AIRPORT 
	BJL EBB HRE KRT MBA NBO WDH 
	LOCALE 
	AMMAN,JORDAN ANKARA, TURKEY ANTALYA, TURKEY DHAHRAN,SAUDI ARABIA ELAT,ISRAEL ISTANBUL,TURKEY JEDDAH,SAUDI ARABIA LARNACA,CYPRUS RIYADH,SAUDI ARABIA SHARJAH,UA EMIRATES TEL AVIV,ISRAEL UNKNOWN,MIDDLE EAST 
	REGION TOTALS 
	AFRICA 
	LOCALE 
	BANJUL,GAMBIA ENTEBBE, UGANDA I-IARARE,ZIMBABWE KHARTOUM,SUDAN MOMBASA,KENYA NAIROB1,KENYA WINDHOEK,NAMIBIA 
	REGION TOTALS 
	AIRCRAFT AIRPORT ABBBD TOTALS 3777c 24561 07770 
	6 12 
	AIRCRAFT AIRPORT AAABBBD TOTALS 333777c 0124561 0007770 
	4. CHARACTERISTICS OF INGESTED BIRDS. 
	The numbers, species, and weights of birds that were ingested into the engines are discussed in this section. The bird species and weight were determined by licensed orr~itl~ologistsupon examination of bird remains recovered from the engines. Numbers of birds were estimated by representatives of the engine manufacturers, usually from the locations and patterns of bird debris in the engines. 
	Table 4.1 summarizes the data concerning numbers of birds ingested. Three hundred and five (305) of the engine ingestions involved only a single bird while 35 were determined to 1w multiple bird events. Some estimate of the number of birds ingested was obt~ined in 742 of the 397 engine events. In 19 of these events the exact numb~r could not be determined but rather a minimum and/or maximum number was given. Four or more birds are known to have been ingested six times. Four of these events were foreign and 
	Despite considerable effort by the data collectors, bird remains were recovered in only 119 of the 381 aircraft events. To date, identifications have been made, each yielding a unique species and weight, in 105 of these aircraft events. Sixteen of these are domestic events and 87 are foreign. It could not be determined whether the ingestion took place inside or outside the United States in two events for which a species identification was made. These are event 137 (a 1-5-ounce horned lark) and event 130 (a 
	Table 4.2 summarizes the data regarding bird species. The species codes are taken from reference 4. The number of aircraft ingestions (United States, foreign, and worldwide) are tallied for each species known to have been ingested. Since weights for a given species can vary according to sex, maturity, and geographical location, the modal (most common) estimated ingested weight and the range of estimated weights are also given for each species. The table is ordered by modal weight. Also indicated is the numb
	A11 105 verified bird weights are tabulated in table 4.3. The unique weights are listed in ascending order, and the number of United States, foreign, and worldwide aircraft ingestions are given for each. Summary statistics (as defined in appendix B) are given in table 4.4 for each of these three geographical weight groupings. The mean, median, and mode for domestic weights are each seen to be larger than their foreign counterparts. 
	TABLE 4.1. 
	# OF BIRDS 
	1 2 
	3 
	4 
	1 OR MORE 2 OR MORE 5 OR MORE 
	6 TO 17 4 TO 5 UNKNOWN 
	TOTALS 
	NUMBERS OF INGESTED BIRDS 
	FOREIGN UNKNOWN WORLDWIDE 
	SPECIES 
	LITTLE BROWN BAT DON-SMITH'S NIGHTJAR FORK-TAILED SWIFT CHIMNEY SWIFT COMMON SKYLARK HORNED LARK AMERICAN ROBIN SCHRENDK'S BITTERN WHT-THT'D NDLE-TLD SWIFT KILLDEER COMMON NIGHT HAWK 
	MOURNING DOVE AMERICAN KESTREL RING-NECKED DOVE COMMON SNIPE SENEGAL COUCAL BANDED PLOVER COMMON LAPWING EURASIAN KESTREL GREATER KESTREL BLACK-HEADED GULL GRAY-HEADED LAPWlNG RED-BILLED GULL COMMON BARN OWL COMMON ROCK DOVE HUNGARIAN PARTRIDGE COMMON SAND MARTIN RED-LEGGED PARTRIDGE EURASIAN STONE CURLEW RING-BILLED GULL LITTLE EGRET CHUKAR CARRION CROW BLACK-TAILED GULL BLACK-CROWNED NITE HERON AFRICAN EAGLE OWL BLACK KITE COMMON POCHARD GREATER SCAUP HERRING GULL MALLARD DUCK RING-NECKED PHEASANT WESTERN
	TABLE 4.2. BIRD SPECIES 
	TABLE 4.2. BIRD SPECIES 
	TABLE 4.2. BIRD SPECIES 

	SPECIES 
	SPECIES 
	MODAL 
	WEIGHT 
	MULTIPLE 

	CODE 
	CODE 
	WT (02 .) 
	RANGE(OZ.) 
	US/ FOR/WW 
	EVENTS 

	BAT 
	BAT 

	5T55 
	5T55 

	lU70 
	lU70 

	1U33 
	1U33 

	17 27 2 
	17 27 2 

	17274 
	17274 

	412314 
	412314 

	119 
	119 

	lU? 
	lU? 

	5N3 3 
	5N3 3 

	5T5 
	5T5 

	2P105 
	2P105 

	5K2 6 
	5K2 6 

	2P61 
	2P61 

	6N4 7 
	6N4 7 

	2R127 
	2R127 
	1SEMB 

	5N23 
	5N23 

	5N1 
	5N1 
	2SEMB 2MESB 

	5K2 7 
	5K2 7 

	5K2 4 
	5K2 4 

	14N36 
	14N36 
	2SEMB 2MEMB 

	5N20 
	5N20 
	15emb 

	14N? 
	14N? 

	1S2 
	1S2 

	2P1 
	2P1 
	lMEMB 

	4L85 
	4L85 
	lSEMB 

	18229 
	18229 

	4141 
	4141 

	6N? 
	6N? 
	lSEMB 

	14N12 
	14N12 

	1150 
	1150 

	4L37 
	4L37 
	lMEMB 

	22294 
	22294 

	14N10 
	14N10 

	1124 
	1124 

	2844 
	2844 

	3K28 
	3K28 

	2J115 
	2J115 
	1 SEMB 

	2J124 
	2J124 
	lMEMB 

	14N14 
	14N14 
	2SEMB lMEMB 

	2584 
	2584 

	4L161 
	4L161 
	lMEMB 

	14N19 
	14N19 

	5N?? 
	5N?? 

	l4N2 2 
	l4N2 2 

	1K4 
	1K4 

	5L3 
	5L3 

	2Kl 
	2Kl 

	3K4 3 
	3K4 3 

	3K?? 
	3K?? 

	2530 
	2530 

	3K46 
	3K46 


	TOTALS 16 87 105 
	TABLE 4.3. 
	TABLE 4.3. 
	TABLE 4.3. 
	BIRD WEIGHTS BY USIFOREIGNIWORLDWIDE 

	BIRD 
	BIRD 

	WEIGHT 
	WEIGHT 
	FOREIGN 
	UNKNOWN 
	WORLDWIDE 


	TOTALS 

	TABLE 4.4. BIRD WEIGHT SUMMARY STATISTICS -CURRENT STUDY 
	TABLE 4.4. BIRD WEIGHT SUMMARY STATISTICS -CURRENT STUDY 
	STATISTIC 
	SAMPLE SIZE MEAN MEDIAN MODE STD. DEVIATION MINIMUM MAXIMUM LOWER QUARTILE UPPER QUARTILE 
	FOREIGN WORLDWIDE 
	STATISTIC 
	SAMPLE SIZE MEAN MEDIAN MODE STD. DEVIATION MINIMUM MAXIMUM LOWER QUARTILE UPPER QUARTILE 
	FOREIGN 
	185 
	26.6 
	18 
	24 35.4 
	1 
	240 
	11 28 
	WORLDWIDE 
	Summary statistics from the 1981-83 study corresponding to those in table 4.4 are given in table 4.5. (Since only verified weights are considered in this report, the numbers in table 4.5 vary somewhat from those in reference 1.) Similarities between birdweights fromthe two studies are evident upon comparing these tables. The mean, median, and modal weights for all three geographic categories are, in general, within a few ounces of each other. Tn both studies the United States bird weights are, in terms of t
	It should be noted that two additional unverified bird weights, each of 8ounces, were reported in the current study. They were for events 13 and 265 and were based on visual observation of birds at the ingestion site. Since visual weight estimates are notoriously inaccurate, these weights were not included in the above tables or in any analysis. 
	For analytical purposes, each bird weight was assigned a weight class as defined in table 4.6. The first: class (tiny birds) includes all weights of 3 ounces or less. The remaining weights were grouped into successive 8-ounce intervals as indicated. For example, the 0.5-pound class contains all weights greater than 3 ounces and less than or equal to 11 ounces. This scheme was chosen because it distinguishes between and yields intervals "centered" around 1.5, 2, and 2.5 pounds, weights which are significant 
	The 105 verified bird weights fall into 12 distinct weight classes. Figure 4.1 indicates the frequency of aircraft ingestions of United States, foreign, and unknown origin for each of these weight classes. The vast majority of bird weights fall into the smallest three weight classes (tiny, 0.5 pound, and 1 pound) and relatively few are in the 1.5-pound class. There are, however, a significant number in the 2-pound and 2.5-pound classes. Indeed, the 2.5-pound weight class contains more domestic bird weights 
	Figure 4.2 plots the cumulative distribution functions (see appendix B) for both IJnited States and foreign bird weights. The two distributions diverge between 10 and 40 ounces, with a larger percentage of foreign bird weights falling into this range. However, apparently because of the sparse number of United States weights, an application of the Kolmogoroff-Smirnov Two-Sample Test (see appendix 
	B) yields P = 24 percent and, thus, fails to show that the domestic and foreign bird weight sample distributions are indeed statistically different at a sufficiently high confidence level. (The corresponding distributions were shown to be different by this two-sample test in the previous FAA large engine study, reference 1.) 
	It is interesting to make further comparisons between bird weights from the two studies. Plots comparing the IJnited States, foreign, and worldwide cumulative bird weight distributions from both studies are contained in figure 4.3. Similarities between the corresponding distributions are evident. It turns out to be more enlightening, however, to compare relative frequency histograms of weight distributions. This is done in figure 4.4(a) for domestic weights and figure 4.4(b) for foreign. Only the nine weigh
	TABLE 4.6. BIRD WEIGHT CLASSES -DEFINITIONS 
	WEIGHT RANGE(oz.) 
	3 or less 
	3+ to 11 11+to 19 19+ to 27 27+ to 35 35+ to 43 43+ to 51 51+ to 59 59+ to 67 67+ to 75 75+ to 83 83+to 91 91+ to 99 99+ to 107 
	107+ to 115 115+ to 123 123+ to 131 131+ to 139 139+ to 147 147+ to 155 155+ to 163 163+ to 171 171+ to 179 179+ to 187 187+ to 195 
	WEIGHT CLASS(1bs.) 
	Tiny 
	.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 
	Figure
	Figure
	Figure
	Figure
	United States distributions are bimodal with about 45 percent of the weights in the 1-pound or smaller classes and about 35 percent in the 2.5-pound class. The foreign distributions are similar in most weight classes. Two exceptions are the lltiny" and 1.5-pound classes. The latter contains relatively fewer weights from the current study while the opposite is true for the former. 
	As indicated in Section 3, there were 16 multiple engine and 29 multiple bird aircraft events, including 8that fell into both categories. Bird weights, none of which are over 40 ounces, were obtained in 22 of these 37 events. Figure 
	4.5 
	4.5 
	4.5 
	contains a frequency distribution of all bird weights up to the 2.5 pound weight class (the initial portion of figure 4.1). The numbers of single engine- multiple bird (SEMB), multiple engine-single bird (MESB) and multiple engine-multiple bird (MEMB) aircraft events for each weight class are shaded as indicated. The single engine-single bird events (SESB) remain unshaded. The 0.5-pound class contains the greatest number (10) of these "multiple" events, as well as the highest percentage (32 percent). The 1-

	5. 
	5. 
	EFFECTS ON ENGINES AND FLIGHTS. 


	Figure
	The underlying reason for concern about ingestion of birds into aircraft engines is the potential for causing damage to the engines and changes to the aircraft's scheduled flight path by this phenomenon. Aside from economic considerations, these adverse effects can have severe safety repercussions. A B737 crashed on takeoff in Ethiopia in 1988 after both engines failed upon ingesting multiple birds [2]. During this study a B747 narrowly averted disaster after encountering a flock of pigeons during takeoff a
	When a bird is ingested into an engine, the first moving part it typically contacts is the fan set. It is usually sliced into pieces by the fan blades, and the resulting matter can go out the bypass ducts or into the primary gas path (core) of the engine. Theoretically, according to the impulse-momentum principle of physics [5], the impulse (integral with respect to time) of the collision force of bird on fan set equals the product of the bird's mass with its striking velocity relative to the fan. For a par
	machinery. 
	Thus, all other things being equal, one could expect a direct relationship between "severity" or "extent" of engine damage and mass (weight) of ingested bird. Unfortunately, "all other things" are never quite equal and it is likely that no two bird ingestion events are ever quite the same. There are numerous factors besides bird weight that can influence the effect of a bird ingestion on the engine: the numbers, orientation, and velocity (speed and direction) of the birds; the velocity of the aircraft; the 
	5.1 ENGINE DAMAGE CATEGORIES. 
	5.1 ENGINE DAMAGE CATEGORIES. 
	One hundred and eighty-five (185) of the 397 engine ingestion events (47 percent) were reported to have caused some damage to the engine while 211 reported no damage. (It remains undetermined whether event 249 caused any damage to the engine.) Fifteen specific categories of engine damage were tracked in the FAA data base and are defined in table 5.1. The data summary in appendix C specifies all of the damage categories which occurred in each engine event. For purposes of this report, each damage category wa
	engine ingestions resulted in significant damage and 54 percent in only minor damage. No attempt was made in this interim report to further quantify "damage severity" or to determine "engine failures." These topics will be addressed in the final report for this study. 
	5.2 ENGINE DAMAGE BY BIRD MULTIPLICITY. 
	5.2 ENGINE DAMAGE BY BIRD MULTIPLICITY. 
	It is natural to ask whether multiple bird ingestions caused "greater damage" than single bird ingestions. Table 4.1 indicated that there were 35 multiple bird and 305 single bird engine events. Table 5.2 is a 3 x 2 contingency table which classifies these 340 engine ingestions according to category of engine damage and single versus multiple bird. For this table, chi-square = 4.91 with df = 2, yielding P = 9%, which is not quite significant statistically. (See appendix B for a discussion of the chi-square 
	In table 5.2, 13/77 = 16.9 percent of significantly damaging engine ingestions involved multiple birds while the corresponding frequencies are only 6/85 = 7.1 percent and 16/178 = 9.0 percent for the minor damage and no damage categories, respectively. This suggests combining the last two rows of table 5.2 so that only two damage categories are considered. These are ( 1) significant damage andd 
	(2) minor or no damage. For the resulting 2 x 2 contingency table, chi-square = 4.68 with df = 1 which is significant at P = 3%. Hence multiple bird ingestions tend to cause significant damage more often than single bird ingestions. This result should not be surprising since two of the defining categories for significant damage, be/de>3 and torn>3, would be more likely to occur, for a given bird weight, in a multiple bird ingestion. 
	If, on the other hand, the first two rows of table 5.2 are combined so that the two categories of engine damage being considered are (1) damage (of any sort) and (2) no damage, then chi-square = 0.69 with df = 1, yielding P = 41%. It cannot therefore be concluded that multiple bird ingestions tend to be damaging more than single bird ingestions. It should be noted that the weight and quantity (if greater than two) of birds were not taken into consideration in the above analyses. 

	5.3 ENGINE DAMAGE BY PHASE OF FLIGHT. 
	5.3 ENGINE DAMAGE BY PHASE OF FLIGHT. 
	Among the factors previously mentioned which may affect engine damage are engine speedlpower and aircraft velocity. Although provision was made in the data base for recording the engine power setting at time of ingestion, this in£ ormation was actually reported in only 5 of the engine events, while aircraft speed was reported only 49 times. There is, however, a relationship between each of these factors and the phase of flight of the aircraft. For example, fan speed is usually over 90 percent of maximum dur
	The frequency of significant damage, minor damage, and no damage for each reported category of phase of flight is illustrated in figure 5.1 for the 237 engine events in which this in£ ormation is known. The "takeoff ," "takeoff roll, " "climb," "landing roll," and "approachll categories each contain several damaging events. However, more than half of the engine ingestions in each of the latter 
	TABLE 5.1. ENGINE DAMAGE CATEGORIES -DEFINITIOITS 
	CATEGORY DESCRIPTION CLASSIFICATION 
	LEADEDGE FAN BLADE LEADING EDGE DISTORTION MINOR BEDE<=3 1 TO 3 BENT/DENTED FAN BLADES MINOR TORN< =3 1 TO 3 TORN FAN BLADES MTNOR SHINGLED SHINGLED (TWISTED) FAN BLADE(S) MINOR ACPAFNAB ACOUSTIC PANEL OR FAN RUB STRTP DAMAGED MINOR NACELLE ENGINE ENCLOSURE DENTED OR PUNCTURED MINOR 
	BEDE>3 MORE THAN 3 FAN BLADES BENTIDENTED SIGNIFICANT TORN>3 MORE THAN 3 FAN BLADES TORN STGNIFICANT BROKEN FAN BLADE LEADING EDGE OR TIP PIECES MISSTNG SIGNIFICANT TRVSFRAC FAN BLADE BROKEN CHORDWISE, PIECE LIBERATED SIGNIFICANT RELEASED BLADE RETENTION MECHANISM FAILED SIGNIFICANT FLANGE FLANGE SEPARATIONS SIGNIFICANT CORE COKPRESSOR BLADES/VANES DMGD. OR AIRFLOW BLOCKED SIGNIFICANT TURBINE TURBINE DAMAGED SIGNIFICANT SPINNER SPINNER/CAP DAMAGED SIGNIFICANT 
	TABLE 5.2. ENGINE DMUGE CATEGORIES BY BIRD MULTIPLICITY 
	SINGLE MULTIPLE TOTALS 


	SIGNIFICANT 64 (83.1%) 13 (16.9%) 77 MINOR 79 (92.9%) 6 (7.1%) 85 162 (91.0%) 16 (9.0%) 178 
	SIGNIFICANT 64 (83.1%) 13 (16.9%) 77 MINOR 79 (92.9%) 6 (7.1%) 85 162 (91.0%) 16 (9.0%) 178 
	NONE 

	TOTALS 305 35 340 
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	two categories were nondamaging. This suggests looking at the "relative frequencies" of damage for each phase of flight category, which is shown in figure 5.2. Clearly the "climb," "takeoff," "takeoff roll," and "taxi" phases have the highest percentages of both minor and significant damage. However, as figure 5.1 shows, the taxi phase contains only two events. Among the departure phases, only the "takeoff/climb" category (which contains but 5 events) has relatively few damaging events. These facts, along w
	Table 5.3 is a 3 x 2 contingency table which compares the aforementioned two phase-of -f light categories with the usual three categories of engine damage. In this table "departure" includes all takeoff or climb phases while "arrival" represents the descent, approach, or landing phases. (The five "cruise," "reverse," or "taxi" events have been excluded.) For table 5.3, chi-square = 
	29.9 with df = 2, giving a P-value near 0. Hence it is a statistical certainty that the factors in table 5.3 are dependent. Note that 43/65 = 66.2% of the significantly damaging engine ingestions and 37/63 = 58.7% of those with minor damage occurred during takeoff or climb. In contrast, only 281104 = 26.9% of noridamaging engine events occurred during departures. 
	If the first two rows of table 5.3 are combined, yielding the damage categories 
	(1) damage (of any sort) and (2) no damage, then chi-square = 29.2 with df=l, giving a P-value near 0. On the other hand, if the last two rows of table 5.3 are combined giving the damage categories (1) significant damage and (2) minor or no damage, then chi-square = 13.9 with df = 1, which also gives a P-value near 0. Hence in both 2 x 2 contingency tables, the respective damage categories and phases of flight are dependent. Therefore, "departure" ingestions tend to cause both damage and significant damage 
	5.4 ENGINE DAMAGE BY BIRD WEIGHT. 
	5.4 ENGINE DAMAGE BY BIRD WEIGHT. 
	The relationship between engine damage and weight of ingested birds is examined next. Figure 5.3 is a frequency histogram depicting engine damage category according to bird weight class for the 115 engine ingestions in which a species identification was made. The weight classes are the same as those used in the previous section, as defined in table 4.5. The number of engine ingestions that resulted in no damage, minor damage, and significant damage is shown for each weight class. The 2.5-pound weight class 
	As figure 5.3 indicates, engine damage informatiori was not reported for one (2-pound) ingest ion. Using the remaining 11 4 engine events, figure 5.4 examines bird weight versus engine damage from the relative frequency viewpoint. Here the percentage in each damage category is represented for each weight class. With few exceptions, the overall trend is for the relative frequency of both damaging and significantly damaging ingestions to increase with bird weight. 
	In reference 2, a logistic model is used for the probability of various "severities" of damage as a function of bird weight. Specifically, the logarithm 
	TABLE 5.3. ENGINE DAMAGE CATEGORIES BY DEPARTURElARRIVAL 
	DEPARTlTRE 
	DEPARTlTRE 
	DEPARTlTRE 
	ARRIVAL 
	TOTALS 

	SIGNIFICANT 
	SIGNIFICANT 
	43 
	(66.2%) 
	22 
	(33.8%) 
	65 

	MINOR 
	MINOR 
	37 
	(58.7%) 
	26 
	(41.3%) 
	63 

	NONE 
	NONE 
	28 
	(26.9%) 
	76 
	(73.1%) 
	104 

	TOTALS 
	TOTALS 
	108 
	124 
	232 


	Figure
	ENQINE INQESTIONS <PERCENT) 
	of the odds ratio, log (probability/(l-probability)), is modeled as a linear function of bird weight. A rationale for choosing this particular model is also presented there. The same computer program used in reference 2, which also generates a lower 95 percent confidence bound, was applied to the data in this report. The resultant probability of damage (resp. significant damage) curves are given in figure 5.5 (resp. figure 5.6). The probability of damage reaches 50 percent at about 10.7 ounces and the proba
	5.4 by means of a particular model and should not be taken as gospel. For example, figure 5.6 puts the probability of significant damage at around 50 percent for a 2-pound bird ingestion while figure 5.4 places it at 20 percent. It should also be noted that this model assumes that probability of damage increases with bird weight. Moreover, no factors other than bird weight were used to generate the curves in figures 5.5 and 5.6. In particular, the phase of flight and the number of birds ingested were both i

	5.5 CREW ACTION EVENTS.
	5.5 CREW ACTION EVENTS.
	-
	There were 13 aborted takeoffs (ATO's) among the aircraft events. Three of these involved multiple engines or multiple birds. Besides the ATO's there were 40 other occasions of an adverse "crew action," i-e., a change in the planned flight path of the aircraft. These included 33 air turnbacks (ATB's), 6 diversions to a landing at an unscheduled airport (DIV's), and 1 change of altitude (ALT) on a subsequent flight. Four of these 53 events involved multiple engines and 7 involved multiple birds, including 2 
	Figure 5.7 is a tree diagram which indicates the damage category breakdown for each of the above classes of crew action events. The "damage category of an aircraft event" (none, minor, or significant) is defined to be the most severe category of damage sustained by any engine on the aircraft. Thirty-one (31) of the 33 ATB events were damaging, 19 significantly. These totals include one event (317) in which an engine sustained extensive turbine damage and, upon inspection, was discovered to have ingested a s
	flight. The engine damage, which was caused by a casting defect, was unrelated to the bird ingestion. (This event was considered nondamaging in all engine damage versus bird weight analysis.) Half of the DTV events involved significant damage as did 38 percent of the ATO's. Five of the eight nondamaging crew action events were ATO's. An engine "surge" was noted in four AT0 events. In one of these, event 152, both engines surged but only one engine sustained damage. The three other events (22, 34, and 215) w
	There are nine other occurrences of an IFSD in the 53 crew action events. The IFSD's are indicated in the next level of the tree in figure 5 -7. Seven of these, six of which involved significant engine damage, are in the ATB's. All IFSD events are discussed below. 
	Verified bird weights were obtained in 28 of the 53 crew action events. Figure 
	5.8 indicates the bird weight class involved in each of these events, and for the "no crew action" and "unknown crew action" events as well. The greatest number of crew action events, eight, occurred in the 0.5-pound class, followed by seven for the 2.5-pound class. This latter class, however, contains the 
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	largest relative frequency of crew action events, 54 percent. The aforementioned event (317) in which an ATB was evidently unrelated to the bird ingestion, accounts for the single "tiny" bird event in figure 5.8. 
	5.6 IN-FLIGHT SHUTDOWN EVENTS. 
	5.6 IN-FLIGHT SHUTDOWN EVENTS. 
	As previously noted, 10 of the "crew action" events resulted in an IFSD. All told, there are 11 IFSD events in the data, which are summarized in table 5.4. A "Y" denotes occurrence and a "blank" nonoccurrence. Acronyms used for phases of flight are defined in appendix C. Multiple birds were ingested into three of the engines that were shut down in flight. There were no multiple engine IFSD's although in event 138, two engines of the B747 ingested birds. No cause was given for the IFSD in event 317, which, a

	5.7 UNCONTAINED EVENTS. 
	5.7 UNCONTAINED EVENTS. 
	As noted at the beginning of this section, fragments from broken fan blades can cause secondary damage to the engine following a bird ingestion. These fragments sometimes exit through the engine's case or nacelle (an "uncontained" event) and have the potential for seriously damaging the aircraft. There were no incidents of engine case uncontainment; although in two events (74 and 103), blade fragments punctured the metallic engine casing but were contained by the Kevlar containment system. In the latter eve
	5.8 INVOLUNTARY PgR LOSS EVENTS. 
	5.8 INVOLUNTARY PgR LOSS EVENTS. 
	An involuntary loss of power was reported in six engine events. As noted above, five of these resulted in a mandatory IFSD and are included in table 5.4. In the other, event 103, the engine was not shut down but ratherwas reversed during an aborted takeoff. This was an uncontained event and appears in table 5.5. 


	5.9 MULTIPLE ENGINE EVENTS. 
	5.9 MULTIPLE ENGINE EVENTS. 
	All transport category aircraft are certificated to perform safely, during all flight phases, with any single engine inoperable. (See CFR Title 14, Part 25.) Multiple engine ingestion events are of particular interest because an in-flight 
	TABLE 5.4 IN-FLIGHT SHUTDOWN EVENTS 

	evt eng crew pow inc hi trvs bird mult eng# date acft eng pos actn loss surge smell vibe egt frac wt bird dmg pof 
	evt eng crew pow inc hi trvs bird mult eng# date acft eng pos actn loss surge smell vibe egt frac wt bird dmg pof 
	22 04/12/89 B747 JT9D 32 05/10/89 A300 JT9D 140 07/25/89 A320 V2500 75 08/14/89 B767 CF6 76 08/18/89 A310 CF6 138 09/12/89 B747 JT9D 267 05/04/90 A320 CFM56 247 05/31/90 A300 JT9D 241 06/27/90 B747 JT9D 257 07/30/90 B757 2000 317 08/10/90 A300 4000 
	1 AT0 
	1 AT0 
	1 AT0 
	Y 

	1 ATB 
	1 ATB 
	Y 
	Y 

	1 AT0 
	1 AT0 
	Y 

	1 ATB 
	1 ATB 
	Y 

	1 
	1 

	2 ATB 
	2 ATB 
	Y 

	1 ATB 
	1 ATB 

	1 ATB 
	1 ATB 
	Y 

	3 DIV 
	3 DIV 

	2 ATB 
	2 ATB 
	Y 

	1 ATB 
	1 ATB 


	N 
	N 
	N 
	TR 

	Y 
	Y 
	36 
	Y 
	STR 

	TR
	Y 
	M 
	TR 

	Y 
	Y 
	48 
	S 
	CL 

	Y 
	Y 
	M 
	CL 

	Y 
	Y 
	Y 
	Y 
	14 
	Y 
	STR 


	TABLE 5.5 UNCONTAINED EVENTS 
	evt unc unc eng POW inc hi trvs bird mult # date case nacl acft eng pos ifsd loss surge vibe egt frac wt bird pof 
	loss of two engines during the critical takeoff or climb phases could be catastrophic, even in three-or four-engine aircraft. Table 5.6 summarizes the 16 multiple engine events in the data, all of which involved two engines. In event 138, one engine lost power due to a fan blade transverse fracture and was shut down. The cockpit symptoms following ingestion were a surge and high exhaust gas temperature. The other affected engine also surged and, fortunately, recovered. This is the only event in which two en
	4.5 of the previous section. 
	4.5 of the previous section. 
	TABLE 5.6. MULTIPLE ENGINE EVENTS 
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	6. SUMMARY AND CONCLUSIONS. 
	Data in this report were generated by a fleet of over 1100 aircraft flying more than 2 million operations worldwide during the period January 1989 to September 1990. 
	A total of 381 aircraft ingestions was reported, yielding a worldwide ingestion rate that is approximately 80 percent of the rate in the 1981-83 FAA study. The foreign aircraft ingestion rate is currently over four times the domestic rate compared with two and one-half times in the previous study. More effective bird control measures at United States airports is one possible explanation for this disparity. It is also conceivable that foreign carriers have been more diligent than domestic carriers in reporti
	Aircraft ingestions were reported to have occurred at 120 different airports worldwide. One airport had 10 events and two others had 7 each. All three were outside the United States. The largest number of events at any domestic airport was four. 
	There were 16 multiple engine events, yielding a rate slightly under 8 per million operations. Each involved two engines of the aircraft. Thirty -f ive (35) of the 397 engine ingestions are known to have involved multiple birds. 
	The species of birds ingested are consistent with the 1981-83 study. The herring gull, common lapwing, black-headed gull, and common rock dove were the most frequently identified species. The first three were also the most frequently encountered birds during multiple engine or multiple bird ingest ions. 
	Bird weights, both domestic and foreign, are markedly similar to those in the previous study. This is true not only in terms of summary statistics (median, mode, mean, etc.) but also in terms of the distribution functions for the weights. As before, birds ingested in the United States tend to be heavier than foreign birds. 
	Forty-seven (47) percent of engines that ingested birds had some reported damage, compared to 62 percent in previous study. Fifty-four (54) percent of current engine damage was classified as "minor, " which typically consisted of leading edge distortions or at most three bent, dented, or torn fan blades. 
	The aircraft ingestion events were fairly evenly split between departure (takeoff or climb) and arrival (descent, approach or landing) phases of flight. However, engines ingesting birds during departures sustained damage at about twice the rate as in arrivals. 
	An unscheduled crew action was performed in 14 percent of the aircraft events, which is half the rate in the previous study. There were 11 in-flight engine shutdowns, representing less than 3 percent of all engine events. In the previous study, nearly 13 percent of engine events resulted in an IFSD. 
	The engines included in the current study were designed and certificated to more stringent bird ingestion standards than most of those from the previous study. It is therefore not surprising that the current fleet has performed better in terms of the adverse effects of bird ingestions on engines and flights. However, 
	one needs to simply recall the near-catastrophic 8747 multiple engine event in Los Angeles to be convinced that the ingestion of birds into engines continues to present a serious threat to aircraft: safety. 
	Table 6.1 contains a summary of some data from the current: and previous FAA studies. Except where noted, all numbers represent worldwide data. 
	TABLE 6.1. DATA SUklMARY 
	Current Study 1981-83 Study 
	# aircraft # operations # aircraft ingestions * ingestion rate (x loA-4) * # multiple engine events multiple engine ingestion 
	rate (x 10"-6) # engine ingestions # multiple bird engine
	ingestions % multiple bird ingestions # damaging engine ingestions % damaging engine ingestions median bird weight (02.) * modal bird weight (02.) * mean bird weight (02.) * # crew action a/c events % crew actions 
	# IFSD engine events % IFSDfs 
	7. REFERENCES. 
	1. 
	1. 
	1. 
	Frings, G., "A Study of Bird Ingestions into Large High Bypass Ratio Turbine Aircraft Engines, " DOTIFAAICT-84/13, Department of Transpcrtat ion, Federal Aviation Administration, September, 1984. 

	2. 
	2. 
	Hovey, P.W., and Skinn, D.A., "Study of the Engine Bird Ingestion Experience of the Boeing-737 Aircraft (October 1986 to September 1988)," DOTIFAAICT-89/29, Department of Transportation, Federal Aviation Administration, October, 1989. 

	3. 
	3. 
	Martino, J.P., Skinn, D.A., and Wilson, J.J., "Study of Bird Ingestions into Small Inlet Area Aircraft Turbine Engines," DOTIFAAICT-90113, Department of Transportation, Federal Aviation Administration, December, 1990. 

	4. 
	4. 
	Edwards, E.P., "A Coded List of Birds of the World," ISBN: 911882-04-9, 1974. 

	5. 
	5. 
	Bueche, F., "Introduction to Physics for Scientists and Engineers," McGraw-Hill, New York, 1969. 


	8,. GLOSSARY. 
	Aircraft operation -One complete flight cycle of an aircraft, from engine startup at departure to engine shutdown upon arrival. 
	Bird ingestion -The entrance of a bird into the inlet of a turbine engine during an aircraft operation. 
	Engine ingest-event -The simultaneous ingestion of one or more birds into an engine. 
	Aircraft ingestion event -The simultaneous ingestion of one or more birds into one or more engines of an aircraft. 
	APPENDIX A 
	BIRD INGESTION CERTIFICATION STANDARDS 
	The following is a summary of current bird ingestion certification standards as they pertain to engines in this study. The complete regulations, which were last amended in February 1984 are contained in 14 CFR 33.77. The small (3-ounce size) bird test mentioned there has been omitted from this summary. It does not apply to engines in this study since none of them have inlet guide vanes. 
	TEST REQUIREMENT MEDIUM BIRD TEST LARGE BIRD TEST 
	BIRD SIZE 1.5 pound 4 pound 
	11 OF BIRDS 1 for the first 300 square 1 inches of inlet area plus 1 for each additional 600 square inches or fraction thereof. 
	MAXIMUM NUMBER 
	OF BIRDS 
	BIRD SPEED Initial climb speed of Liftoff speed of typical aircraft. typical aircraft. 
	ENGINE OPERATION Takeoff Takeoff 
	INGESTION PATTERN In rapid sequence to sim-Aimed at critical ulate a flock encounter areas. and aimed at critical areas. 
	POST INGESTION I. Cause more than 25% sus-Cause engine to: REQUIREMENTS: tained power or thrust loss. 1. Catch fire. Ingestion may NOT 2. Require engine shutdown 2. Burst. 
	within 5 minutes. 3. Generate loads 
	3. Result in a potentially greater than max-hazardous condition. imum specified. 
	4. Lose capabil-ity of being shut down. 
	Figure
	APPENDIX B 
	STATISTICAL TERMINOLOGY 
	Sample mean. The mean of a sample of size n is the average of the n numbers. 
	It is obtained by summing the numbers and dividing by n. 
	Sample median. The median of a sample is the observation in the middle of the sample. That is, half the observations are at least as large as the median and half are as small as t-he median or smaller. We commonly find the median by sorting the sample and raking the middle observntion, or observations, in the sorted sample. For cxttmple, tl~t.nnlnple 1 3 2 G 8 is sorted to give 1 2 3 6 8, and the median is 3, the 3rd largest number. Or the sample 3 7 5 6 9 3 is sorted to give 3 3 5 6 7 9, and the median is 
	Sample mode. The mode is the most frequently occurring observation in the sample. In the 2nd example illustrating the median, the mode is 3. The mean, median, and mode are usually close together in moderate size, or larger, samples whose histograms are bell-shaped. 
	Sample variance. The sample variance is computed in three steps: (1) Centering the sample, by subtracting the sample mean from each observation. (2) Summing the squares of the centered observations. (3) Dividing by the sample size less 1, n -1. The variance is the average squared deviation of the observations from their mean. 
	Sample standard deviation (SD). The sample standard deviation is the square root of the sample variance. It is a measure of the dispersion of the observations in the sample, that is, how far each observation is from the sample mean on the average. Typically, in a sample that has a histogram that resembles a bell-shaped curve, around 68 percent of the observations lie within one standard deviation of the sample mean, and 95 percent of the observations lie within two standard deviations of the sample mean. 
	Maximum, minimum, and range. The maximum and minimum of the sample are the largest and smallest observations in the sample, respectively. The range is the difference, maximum minus minimum. 
	Upper and lower quartiles, and-interquartile range (IQR). The upper and lower quartiles are defined like the median. One-quarter of the observations in the sample are at least as large as the upper quartile, and three-quarters of the observations are as small or smaller. These fractions are reversed in defining the lower quartile, so that three-quarters of the observations are at least as large as the lower quartile, and one-quarter of the observations are as small or smaller. The interquartile range is the
	lower quartile. It is an alternative measure of sample dispersion. When the histogram resembles a bell-shaped curve, the interquartile range is about 1.35 times as large as the standard deviation. 
	Outliers. Outliers are observations that are exceptionally large or small, so that they appear to be atypical of the majority of observations in the sample. For example, the sample 1 4 3 5 15 contains a single outlier 15. The choice of observations to call outliers is aided by an outlier cutoff rule. For example, 
	using the boxplot rule, an observation is a high outlier if it is more than 1.5 x IQR larger than the upper quartile. There are several alternative outlier cutoff rules, and judgement must play an important role in selecting observations to classify as outliers and then perhaps to remove from the sample. If the sample includes outliers, the sample mean will be pulled towards those observations and the standard deviation will be markedly larger than when the outliers are excluded. The minimum, maximum, and r
	Cumulative distribution function. The cumulative distribution function at a given value (of bird weight, for example) is the fraction of observations less than or equal to that value. For example, the cumulative distribution function of the sample 1 3 3 4 is 0 for any value less than 1; is the fraction 114 for any value equal to or greater than 1 but less than 3; is the fraction 314 for any value equal to or greater than 3 but less than 4; and is 1 for any value equal to or greater than 4. 
	Kolmogorov-Smirnov two-sample test. The distributions of two samples can be compared using the Kolmogorov-Smirnov test. It is a nonparamctric procedure, meaning that a minimum of theoretical assumptions are made about populations underlying the two samples. The Kolmogorov-Smirnov test is based on the largest absolute difference between the two cumulative distribution functions at any value (bird weight). If the difference is large, the two distributions are judged to be different. Tables and statistical alg
	P-value. In statistical testing, it is usual to state a null hypothesis; for example, that there is no difference between two distributions. Of course the two samples are different, but some differences are expected by chance even if each sample is chosen at random from a common pool or population. The P-value is the probability that a difference as large or larger than the observed difference between the two samples will be observed if two samples of the given sizes are drawn from the same population. The 
	occurred by chance, so that there is strong evidence for a substantive 
	difference between the two groups. When the P-value is larger than 5 percent, we are more willing to accept the possibility that the two populations are the same. That does not mean that we have proved that they are the same, only that the evidence for a difference is weaker. A P-value around 10 percent can be interpreted as weak evidence that the populations are not the same. A P-value around 40 percent is no evidence at all. A P-value less than 1 percent is very 
	strong evidence. 
	Critical value. The choice of P-value of 5 percent as a dividing point appears to be based on a historical perception of what is an unlikely event. Other choices are perfectly permissible, for example when we wish to strongly "protect" the null hypothesis, and not declare that there is a difference unless the evidence is very convincing. The critical value is the point at which we make 
	this declaration. For example, it may be the value of the largest absolute difference in the Kolmogorov-Smirnov test when the P-value equals 5 percent. The critical value will depend on the sample sizes involved. 
	Chi-square test. Counts of events are often arranged in a two-way table, with levels of two factors, for example damage severity and number of birds, represented by the rows and columns, respectively. These factors will be dependcnt if the proportion of engines with significant damage is larger (or perhaps smaller) among engines ingesting only- one bird than among engines ingesting more than one bird. There is a symmetry to these statements: Equivalently we can say that engine events where there is signific
	When there is no dependence, the row and column factors are said to be independent. When the row and column factors are independent, the typical, or expected, number of observations in a given cell of the two-way table is simply the product of the row and column totals for that cell divided by the overall total. For example, in table 5.2 there are 77 engine events with significant damage, and 305 out of 340 engine events involve only a single bird. Therefore, if damage severity and number of birds were inde
	chi-square = (observed -expected12 expected all cells 
	When the factors are independent, and the expected number of observations in each cell is not too small (at least 5, for example), the chi-square statistic is said to have an approximate chi-square distribution on (r -1) x (c -1) degrees of freedom (df) , where r and c are the number of rows and columns in the table, respectively. The P-values and critical values are computed based on this distribution (using tables or algorithms) and, as with the Kolmogorov-Smirnov test, are used as evidence for and agains
	Probability of a difference. When a P-value of, for example, 14 percent is computed for a chi-square test, the claim might be made that the probability that the two factors are dependent is 86 percent. Analogously, when a P-value of 3 percent occurs using the Kolmogorov-Smirnov test, the claim might be made that the probability that the two populations are the same is only 3 percent. The probability that the two populations are different is 97 percent. These claims are justifiable if additional, Baysian, as
	Devore, J. and R. Peck, "Statistics: The Exploration and Analysis of Data," West, St. Paul, MN, 1986. 
	Lehmann, E.L., "Nonparametrics: Statistical Methods Based on Ranks," Holden-Day, San Francisco, CA, 1975. 
	Miller, I., J.E. Freund, and A. Johnson, "Probability and Statistics for Engineers," Fourth Edition, Prentice Hall, Englewood Cliffs, NJ, 1990. 
	APPENDIX C 
	SIWY OF DATA BASE CONTENTS 
	This appendix summarizes the contents of the FAA data base used to generate this report. Each line of information pertains to a unique engine ingestion event. The events are ordered chronologically. Unless otherwise specified, "N" denotes 
	1tnow or "none" and a "blank" en~rymeans the information is "unknown." 
	The column headings are defined as follows: 
	DATE Date of ingestion EVT# Aircraft ingestion event number (repeated in last column) A/C Aircraft type ENG Engine model DASH Engine model dash POS Engine position SIGEVT Significant: Event (SEMB=single engine-multiple bird, 
	MEMB=multiple engine-multiple bird, MESB=multiple engine-single bird, AIRWORTHY, TRVS FRAC=transverse fracture, INVOLPOWLOS=involuntary power loss) 
	ALT Altitude of aircraft (feet AGL) SPD Speed of aircraft (knots, Vl=decision speed, VR=rotation speed, TAXI) CREW Crew Action (ATO=aborted takeoff, ATB=air turn back, DIV= diversion, ALT=alt:itude change) 
	POF Phase of flight (TR=takeoff roll, TO=takeoff, TC=takeoff or climb, CL=climb, CR=cruise, DE=descent, AP=approach, LA=landing or approach, LD=landing, LR=landing roll, RV=thrust reverse, TX=taxi) 
	CITYPRS Scheduled departure-arrival airports 
	APT Airport of ingestion LOCALE Location of airport us Y=US (50 states), N=Foreign (non-US), U=Unknown B IRDNAME Bird species -English name SPEC Bird species code (from reference [4]) BBDS Number of birds ingested 
	WT Bird weight (ounces) 
	POWLOSS Power loss (loo%, SO%, SURGE, STALLS, INVOLUNTARY, Y=yes) 
	VIBE Engine vibration (maximum units, INC=increased, HIGH=high) 
	IFSD In-flight engine shutdown reasons (SURGE, HI EGT= high exhaust gas temperature, SMELL=bird smell, VIBES= engine vibration, NOT BIRD=IFSD not due to bird, Y=no reason given for IFSD) 
	In columns A through Q, "Y1'=occurrence, "blank"=non-occurrence. Columns A through 0 represent specific categories of engine damage as defined in table 5.1. 
	LEADEDGE Fan blade leading edge distortion BEDE<=3 1 to 3 bent or dented fan blades TORN<=3 1 to 3 torn fan blades SHINGLED Shingled (twisted) fan blades ACPAFNAB Acoustic panel or fan rub strip damaged NACELLE Engine enclosure dented or punctured BEDE> 3 More than 3 fan blades bent or dented TORN>3 More than 3 fan blades torn BROKEN Pieces missing from fan blade leading edge or tip TRVSFRAC Fan blade broken chordwise, piece liberated RELEASED Blade retention mechanism failed FLANGE Flange separations CORE 
	NMS Classification of engine damge (O=no damage, l=minor damage, 2=signif icant damage) REMARKS The Remarks often contain more specific descriptions of engine damage as well as other pertinent in£ ormat ion 
	*US.GOVERNMENT PRINTING OFFICE:1992 -604-061/60111
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