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ABSTRACT

USAF aircraft repeatedly prove that birds and aircraft cannot cccupy the samej
airspace at the same time; over 1000 birdstrikes per year cause millions of dolla
in damage to USAF aircraft. During the past fifteen years eleven military pilots
have been killed and eighteen aircraft have been destroyed due to bird impact. Mg
of these losses are due to birdstrikes on the windshield subsystem than to any oty
subsystem. Windshield systems on several different aircraft are being evaluatedd
to their birdstrike resistance and/or are being redesigned to provide improved
tolerance of the birdstrike event. These analytical and experimental efforts to
define and improve windshield system birvdstrike resistance are reviewed in geners
terms. Some technical voids in designing for, and integration of, birdstrike
resistance are identified.

INTRODUCTION

Technology for analysis, test and enhancement of ailrcraft windshield system
birdstrike resistance is being developed and applied by the Flight Dynamics Labo
ry of the USAF Wright Aeronautical Laboratories. Tn the area of birdstrike capabj
1ty analysis our primary emphasis, since the 1981 meeting of BirdStrike Committeef
Europe {(BSCE 15) has been on exploration of capabilities and limitations of the
birdstrike structural analysis computer program. In the area of birdstrike testf
primary emphasis since BSCE 15 has been on development of an ecomomical and effl
rechnique for quantification of windshield systems defliection during a birdstrike
test, In the area of birdstrike capability enhancement our primary eiphasis sint
BSCE 15 has been development of improved windshield systems for the T-38 and thed
aircrafe, These efferts to improve windshield system birdstrike resistance have
drawn attention tc the need for improved understanding of the Interrclationship
between birdstrike loading and transparency deformation, and the effects of aging
degradation of transparency birdstrike resistance.

BIRDSTRIKE CAPABTILITY ANALYSIS

Background

The Flight Dynamics Laboratory (FDL) has been involved with tlte development {
bivd-impact-resistant aivcralt transparencies since 1972. As early as 1975, intd
began to grow in the application of analytical tools to the design of new transp
ency systems, .

By 1579 the scarch for a useful transparency analysis tool, resulted in FIL .
adoption of a nonlinear finite element analysis system called MAGNAM (Marerially;
Geometrically Nonlinear ﬁnalysis).

*Sratus report/working paper to be presented in fulfillment of responsibilitics §

mentber of Structural Testing Workimg Group at the BirdStcrike Coumittee Europe(ﬂ
Meating 15~19 October 1984, in Rome, Yltaly, ;
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Birdstrikes on the T-38 wiadshield system have resulied, in addirion to tapair
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Approach
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FIGURES
1. FINITE FLEMENT MODEL: VULCAN B MKl CENTRE WINDEHITELD

2. TFINITE ELFMENT MODEL: 36 INCH x 36 INCH PROTOVYPE B-i ATWONMANT SINDLGL0D TEN
SECTIOR -

3. FINITE ELEMENT MODEL: B-1 WINDSHIELD PANEL

4, FINITE ELEMENT MODEL: ¥F-~16 CANOFPY

5. TRIANGULATION SYSTEM TEST SET-UP
6. TRIANGULATION SYSTEM GEOMETRY

7. TRIANGULATION RESULTS
8. F-4 ATRCRATT

9, T-38 AIRCRAFT

10. F-111 ATIRCRAFT

11, F-16 AIRCRAFT
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COMPLETE FINITE ELEMENT MODEL
. B-TA WINDSHIELD PANEL

Figure 3 Finite Element Model: B-1 Windshield Fanaos

F-1BA CAKOPY

Figure 4 Finite BElement Model: F-16 Canopy
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