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r &0 percent of ali U.S5. Alr Force (USAF) birdstrikes
roduring low-altitude, high speed training flights. These
level birdstrikes are usually the most damaging in terms of
T2t damage and loss of aircrews. 8Since 1980, the USAF has
"ive alrcraft and seven aircrewmen during low-level and
training flights. According to the BASH Team records, the
cost of low-level birdstrikes during the last decade 1s 1in
of %250 milliion.

Fatimating kbirdstrike risk from bird population data known
T4 bhicock of alrspace 1s the method used by the USAF Bird
voldance Model (BAM).  Since the birdstrike risk is a function
the number of birds in the veolume swept by the of the
ratt, the expected birdstrike rate is readily calculated.
trikes can be avoided by changing the altitude, timing cor
tion of a low-level flight. Simply avoiding bird-alrcraft
Luprl1bt“ through better planning the route of flight and through
{..ght schedule changes iz an easy and cost-effective method of
cing birdstrike risk. However, collecting the bird census
~a entered inte the BAM is time-consuming and not available for
zome remcte areas, which is where low-level missions are flown.
Fredicting birdstrikes is important to the development
aircraft components and systems that can withstand the
trenendous impact forces. Mishap data typically provides the
basis for determining the expected number of birdstrikes for a
new aircraft or an old aircraft flying a new mission; e.g., the
cunvaersion of the F-15 from an air defense role to close air
_doport Once the expected number of birdstrikes has been
Tiicdlated, the probabllty of damage is determined from the

IE““*H iLstribution of the particular component under
wontigation and the prebable birdweight distvibution. Bereons
P (1939} provide a good review of the model formulaticn.

If sufficient birdweight data Is available for the aircraft
type and mission, then a specific birdweight distribution can be
developed.  The 4d-pound birdweight distribution represents
approxinately %% percent of all recorded birdstrikes (pre-1970)
»”Lcﬂ were collected during a joint study by the USAYX and the

seral Aviation Agency. Subsequent studies using pre-1981
lebtrlke data show ba51cally the same distribution (Figure 1).
» 4-pound (1.8 kg) bird is usually considered the design
standard for the aircraft structures and transparency systems.
Atthough alrcraft engines are designed to continue operation
after multiple ingestlions of smaller birds, the 4-1b bird is the
standard for certain aspects of containment design.
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Shilective
The objective of this study is to reassess the birdweight
ribution for low-level birdstrikes. The USAF Bird-Alircraft

dist
strike Hazard (BASH) Team maintains a damaging and non-damaging
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birdstrike database containing 21,647 birdstrike records fronm
1975-29. The BASH Team has accumulated reocords of nearly 4,500
icw-level birdstrikes in their database, most occurring after
198z. Of these, over 711 have heen positively identified as =o
bird species invelved in the mishap. Additional informatiorn
about location, altitude, airspeed, and damage is also available
for a large number of these birdstrikes. Analysis of these
birdstrikes can update our understanding of the bird threat
during low-level mwissions and to what new directicns our
"birdproofing" efforts should lie.

Methods

The "identified" low-level birdstrikes were used to generate
cumulative birdstrike distributions for the low-level mission.
The maximum species weight was calculated for each birdstrike
from the average weights provided in Brough (1983) and Dunning
(1984} . When known, subspecies or gender weights were used.
Birdstrikes occurring during range operations were not included.

Cumuiative distribution frequencies for low-level
birdstrikes were developed for different aircraft and mission.
Descriptive statistics were also generated for the low-level
birdstrike data from 1982-8%. B-~52 and F-4 aircraft are conparecd
since they (1) have an extensive low-level flight history, (2)
have dissimilar missions, and (3) have experienced a large number
of birdstrikes throughout their operaticnal range.

Eesults and Discussion

The cumulative distribution fregquency (CDF) of low-level
birdstrikes for all aircraft {(Figure 2}, where the species 1is
positively identified, is skewed toward heavier birdweights than
the 4-pound standard typically used to design bird tolerant
aircraft systems. The 95 % intercept is approximately &8-pounds
(3.6 kg).

A comparison of Figures 3 and 4 for F-4 (including RF-4
aircraft) and B-52 aircraft, which combined account fcr 50 % of
identified low-level kirdstrikes, show that the skew is due
primarily tec the "bomber" mission. This suggests that the 4-
pound bird criteria is still reliable for the "fighter" mission
but that the "bomber"” mission typically hits larger birds. cDrz
for other aircraft (A-10, A-7, F-16, F-15 and C-130) show a
distribution closer te the F-4; but, they are not shown here
since they each based on less than 100 birdstrike reports.
Additional analysis is planned to further characterize the
birdweight distribution for specific alircraft and locations.

This increased birdweight distribution could be an artifact
of the bias to report birdstrikes that involve the more
noticeable, large birds over those "wipe offs" that cause no
damage. However, the convevse situation may be true for the
earlier birdweight distributions (See Figure 1) which may include
an inordinately large number of small birds even though they may
not be a factor on most low-level missions. In general,
througheout the daylight hours, most small (<0.5 kg) birds tend to
remain relatively close to the ground unless involved in
migration activities. Small birds are not usually a factor for
low-level operations unless during migration. Larger birds,
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1nciuding gulls, raptors, waterfowl and some shorebirds
z uzrtly use higher altitudes to move to feeding areas which
clten puts them into the path of low-flying aircraft.
The distribution of low-lavel birdstrikes by month (Table 7}

Sk Lhe usual increase in birdstrikes during the Spring and
I ween worldwide for all aircraft and missions., The F-4
crart distribution shows a relatively consistent birdstrike
cach month throughout the vear, while the B-52 has more
icant low-level birdstrike increases during the Spring and
i bird migratioens. This seems logical since generally B-52
w-level routes are longer, flown at slower airspeeds {i.e., the
PXposure to birds s greater) and are frequently flown at night
fnroughout the vear which wouid inciude migrating birds of ali
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TABLE 1
Monthly Distribution of Low-level] Birdstrikes (1932-584)
-4 B-52 all Identified?
I 1588 1557 445494 711
#ornth
anuary 5 % 303 4 % 5 %
tebruary 5 % 5% 4 % 5 %
Mavrch 2 7% T % 10 %
April Y % 11 % S % 11 %
May 5 % 17 % 11 % 10 %
Tune 9 % 6 % 7% 6%
Tuly 9 % 6 % 8 % 7%
August 16 % 9 % 10 % 7 %
Sevtember 8 3% 9 0% 12 % 9%
cozocher 15 % 14 ¢ 15 & 13 %
Liovemnber 9 % & % 5 % 10 %
Lecenber 5 % 7% o % 5 %

Faged on birdstrikes from {1975-89)

loler Percentages may not add up to 100 percent due to
rounding errors.,

An inguiry into the time of day that the low-level
blrdstrikes occeur, shows that B-52 birdstrikes are rather avenly
distrikbuted throughout the 24 hours and that most birdstrikes
ur during the hour tfollowing midnight, the time when
gratienal activity is high. F-4 birdstrikes peak during midday
{C%00-1600) and from 2000-2100 heours. Over 64 % of the
identified F-4 birdstrikes involve Turkey Vultures (Cathartes
aura), while B-%2s hit a large (>7.% pounds or 3.4 kg) percentage
of migrating birds (geese, and cranes).

As a rule of thumb, aircraft that fly low-level routes
spend about one-third of the flight actualiy engaged in low-leve:
operations. However, in the case of the B-52, the majority of
their overall birdstrike history (55.5% %) occurs during low-
level training missicns. oOver half of all low-level birdstrikes
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coour at or below 500 feet AGL (Table I)
TAELE 2
Altitudinal Distribution of Tow-level Birdstrikes from 1952-39,
Aircraft F-4 B-52 Alil Identified?!
N 1226 1249 2049 570

Altiltude (ft)

U-— 503 68 % 47 % 56 % D2 %

501-1000 15 % 32 % Z8 % 34 %
1001-1500 7% 5 % 7% 6 %
i501-2000 4 % 10 % 5 % 4 %
2001-2500 1 % 2 % 1 % 2 %
2501-3000 2% 2 0% 2 % 1 %
Above 2000 3% 3% 2% <1 %

Based on birdstrikes from (1975-89)

Number of birdstrikes where altitude was reported
Hote: Percentages do not necessarily add to 100 percent due to

If the new generation of bombers fly the same type of
wisslon as the B-52, it is likely that they will encounter the
same type of bird hazard. This is could have significant
implications for design criteria for kird tolerant aircraft
systems as well as bird avolidance procedures. While the current
design criteria provide an adequate margin of safety for fighter
alrcraft, they may require reassessment for future upgrades. The
4-pound criteria may not be adequate for the bonber mission which
flies on routes or at times when larger birds are encountered.
Further analyses are planned to more closely scrutinize the
tradectfs between bird avoidance and kird telerance.
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