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Introduction

1.1 An earlier version of this Paper was presented under Agenda Item 7
to the Eleventh Meeting of the ICAO Airworthiness Committee in Montreal
on 1st Mareh 1976. This version is slightly modified to take account
of later numerical information, the text remaining unaltered.

1.2 For some years the Bird Strike Committee Europe has been collecting
statistical information from its members. An aspect of major concern has
been engine strikes, and this Paper shows some trends from analyses made
in this area.

1.3 It should be appreciated that the information in this Paper is only
as good as the reporting standard of the Countries from which the information

was obtained. Furthermore the sample sizes are in some cases still quite
small.

1.4 In view of the above, definite conclusions cannot be drawn; however,
although as with many Airworthiness subjects, the figures do not always agree
in a tidy manner, possible trends even at this early stage should not be
ignored.

Source of Information

2.1 Data from France, Germany, Netherlands and U.K. for the years 1973 and
1974 have been used in compiling this Paper, as shown in Table 1.  This was
in order to provide a wide variety of aircraft and engine types used by
countries with a fairly high annual flying rate.

2.2 In order to take acecount of 2, 3 and Ik engined aircraft the data has
been changed from the more usual movements {two per fiight), to engine

T1ights (; o, engine flights = EEEE%EEEE % number of engines per aircraft).
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2e3 The weight of bird has been ignored, since in Europe only 1% of
cases where the bird is identified, involves a bird weight greater than
1.81 Kg (4 1bs).

2.4 The term "damage! ranges from bent or torn blades sufficient to
require replacement, to uncontained engine failure. Cases where blade
damage is dressed out, or carried over to the next overhaul, have not been
included in the category ''damaged'’. Thus there is considerable variation
in the degree to which usable thrust has been lost.

Discussion

Ze1 It is suggested that bird strikes reported as having struck engines
are based on the following factors:-

. {a) engine location
1) a strike is dependent on ?f" ~ {b) engine frontal area

“*—(¢) circumstances, i.e. route, time
of day, etc.

.(a) operators reporting standard

2) reported rate is dependent OB . _ (1) pow easy to detect

. {a) a strike

3) damage is dependent on '~ (b) engine strength

3,2 Much of the data used in this Paper is from many operators,

from several. countries and using many different routes. Thus it is
believed that 1) (¢), and 2) (a) and (b) can probably be ignored, allowing
this Paper to examine the other factors.

Results

4.1 Factor 1 (a) - Engine location

4,1.1 This is shown in Table 2, the reported strike rate per million
engine flights. The Conway in 707, JT8D in 737, JT9D in 247
JPZD in DC8 and CF6 in DC10 show above average strike rates.
These are all wing mounted podded installations, (except for
the DCA0 which is 2 + 1).  The difficulty of drawing conclusions
is demonstrated by the considerable differencea between the
various types of Boeing 707 and the DC8, where similar rates
could be expected.

4.1.2 When all the engine types are combined into Table 3, irrespective
of aircraft type a clearer pattern emerges. It can be seen that
the wing mounted engines have an average strike rate around
4 times that for aft mounted engines.

L2 Factor 1{b) - Engine frontal area

From Table 3 and Fig. 1 it can be seen that in general where there
is a reasonable sample size the trend of increasing strike rate with
increasing area is apparent. It is very probable that the larger the
engine, particularly with the high by-pass ratio fan engines, the less
likely it is that a non-damaging strike will be noticed, in fact the
bird can exit through the by-pass leaving no noticeable trace.
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.3 Factor 3(bt) - Engine strength

4.3,1 It can be seen from Table & that the percentage of reported
strikes which cause damage is subject to considerable variation.
This gives a measure of each aircraft/engine combination's
resistance to bird strike damage.

4,3,2 Subject to the cautionary note of para 1.2 about small samples
jt can be seen that the mean is 30%, and that the RR Avon in
both Comet and Caravelle, Conway in Boeing 707, P & W JT9D in
747 and GECF6 in the DC10 are sigmnificantly above the mean
figure. The Aven and Conway are both relatively old engine
designs which were produced before the current Alrworthiness
Requirements on medium (13 1b) bird testing were introduced.
However the JT9D and the CF6 are very recent designs which it
might have been expected would have a better resistance to bird
strike damage.

L4L.%3,% The P & W JT8D appears best able to withstand the effect of bird
strikes.

bt Damage Rates - a combination of all factors.

Lok, From Table 2 it can be seen that the worst damage rates reported are
the CF6 and the JT9D, whilst the best rates are the Spey in Trident
and RB211 in Tristar. The aft mounted JT8D in the Boeing 727
and the Douglas DCY have an identically low rate, whilst the same
engine wing mounted in the Boeing 737 shows the higher rate due to
its more vulnerable installation.

L.,4,2 Table 5 shows the damage rate per méllion engine flights for each
engine type. The rate of 79 x 107° (i.e. 7.9 x 10-2) for the
JT9D and CF6, falls well within the Reasonably Probable rate in
British Civil Airworthiness Requirements, i.e. between 1 per 1000 ant
1 per 100,000 flights, whilst other engines are mainly well within
the Remote area.
Conclusions. Although in some instances there is as yet inadequate

evidence, the data from 1973 and 1974 does show some trends that at this early

stage should not be ignored.

S Wing mounted engines are more likely to suffer bird strikes than aft
mounted engines, perhaps by a factor of about k.

5.2 The strike rate is, in general, dependent upon engine intake area,
although it may not be linear. Tt is possible that the probability of
undetected strikes increases with intake area.

5.3 Some engine designs appear much more prone to damage than others, and
relatively low resistance to bird strike damage is not confined to the older
designs. Two of the most recent designs, approved to later, but not the
latest Airworthiness criteria appear to have the highest vulnerability, namely
the General Electric CF6 and the Pratt and Whitney JT9D, and these rates are
well within the Reasonably Probable area of BCAR. The limited data
available for the Rolls-Royce RB211 does not as yet show this trend.



S.lt The Pratt and Whitney JT8D appears best able to withstand bird
strikes, it would be interesting to have the Manufacturer's comments as
to the reason for this.

5.5 The results of this Paper support the necessity of continued
collection of bird strike data in order to monitor trends in respect
of damage to engines and hence decide whether any specific or general
action is needed to avoid undue hazard to aircraft from this cause.
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Table 1 - Source of Information
Ai;craft Engine Germany* France | Netherlands
ype Type
HS Comet 4 RR Avon
BAC 1-11 RR Spey +
Boeing 707 P & W JT3D s 7
" 707 RR Conway
" 707 P & W JT4D +
" 727 P & W JT8D + +
"o 737 P & W JT8D +
" 47 P& WJTID + + +
Caravelle RR Avon +
" P & W JT8D +
Douglas DC8 P & W JT8D + +
" DCY P & W JT8D +
" DC10 GE CF6 + + +
BAC VC10 RR Conwsay
HS Trident RR Spey
L1011 Tristar RB 21

*Note 1.1 Date for 1973 only.
t 1.2 Data for 1974 only.
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Table 4 ~ Aircraft Type - Percentage of Pamaging Strikes

t

Aircraft Engine Engine No. of No. of % of strikes
Type Type Location engine engine which cause
strikes changes/ damage/repair
repairs ]

i3 Comet 4 RR Avon - b ¥ 4 100"
Joeing 707 P & W JTHA W 17 1 100*
Jouglas PC10| GE CF6 - * & 57"
Caravelle RR Avon A ' 5 557
Boeing 707 Rr Conway W 12 6 50
Beeing 747 P & W JTID W 37 18 4o
BAZ 1-71 KR Spey A 11 4 36
Ay Trident RR Spey A 3 1 33t
Hoeing 707 P & W JT3D W 15 3 20
Douglas DC8 | P & W JT3D W 57 11 19
Boeing 727 P & W JT8D A 16 3 19
Beceing 737 P & W JTED W 27 5 18
BAC VCI10 RR Conway A 7* 1 1he
Douglas DCY9 | P & W JT8D A 10 1 10
Caravelle P & W JT8D A o~ 0 -

5%;?;1ar RB 211, - 2 0 0*

-
JOTAL/MEAN 218 67 2%

f—

Hotes: 4.1

*I+.2

Engine locations A = Aft, W = Wing mounted

Small sample size, the results should be treated with cautioen.
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Figure 1
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