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ABSTRACT

This paper presents a methodology for predicting ftagilization behavior of aircraft
canopies subjected to eithenechanical loading or explosivpressures, or both.
Fragilization refers tahe processwvhereby an intrinsicallystrong andtough polymer
canopy material (such as stretched-acrylic or polycarbonatejacked, damaged or
otherwise weakened in such a manner as to destroy its resistameeltanical loading
created by an egressing pilot or crewmember. The appreadpted uses
MSC/NASTRAN as the foundation of a computational procedbet uses fracture
mechanics principles t@redict crack generation, growtlnd propagatior(including
branching). The computationgrocedure,called PACE, for Program for Automatic
Crack Extension, automaticallgconstructdinite elementgrids according to thgrowth

of crack(s). MSC/NASTRAN is used to predict the dynamic state of sitgssd around

a crack tip(s), and PACIkhcludesfracture mechanics modules whiclise theexisting
stress state to prediptopensity for further cracking. The entire process is automated
allowing users to perform a compled@alysiswithout concern for the need for ndinite
element meshes. At conclusiotie trace of cracks provides the break-out pattern.
Ideally, the break-out pattern generates small pieces of matiich are estimated to not
be harmful tothe pilot and crewmembersThis paperreviews the progress of work
accomplished to date.



INTRODUCTION

Aircraft canopies(or transparencies) ardesigned to providdoth high visibility and
resistance to damage from foreign objects (i.e., birds, projectile$, ethe trend in
aircraft canopy design i®wards stronger, tougheand thicker canopies; however, for
emergency situations mwwhich immediate pilot andrew escape are required, there is an
emerging needor systems which fragilize, or noticeablyeaken, the canopy prior to
ejecting thecrewmembethrough the plastic.Existing methods of escapelying upon
either ejection of the canopy or destructida the use of detonatingppliquésare not
adequate as they neither provide immediate egress nor are they completely safe.

Design of aircraft canopies, historically, has bkegely based oprior experiencegood
engineering judgment, and a relatively lasgeount of testing.With experienced canopy
designers inshort supply, experience has declined. The emergence of new canopy
materials and new requirements has left existing designers with complicated problems
involving difficult trade-offs betweenisibility, strength, resistance to bird-strike damage,
and crew safety. Thérive towardslighter aircraft is leadingowards pressure to reduce
weight associated with some systems, notahlysesystems which involvéhe complete
removal of a canoppgrior to ejection of the pilot or crewmember. In addition, Nay

has special problems associated wiita need tammediatelyeject a pilot ifthat pilot
encounters a situation where his/her aircnaddy hit the end of gitching/rolling carrier.

Time is ofthe essence, arahly egress systems whiglush the pilot through theanopy

are fast enough.

Through the canopy ejecti@ystems necessitateat thecanopy be fragilized jugrior to
egress otherwise the pilot could ipgured or killed. This secondary ejection systghe
first is removal ofthe canopyfollowed by ejection) is becominthe desired goal of a
primary system.Thus, afragilization system must be reliable, safe, lightweight, cost-
effective if future fighter aircraft are to realize the benefits of modern technology.

PROBLEM DEFINITION

New systemsfor fragilizing transparenciege.g., mechanicalbreakers and/oexplosive
devices)are difficult to design, engineerand assess prior till-scale testing because
predictive capabilitiegor the behavior ofthe transparencies are lacking. Thus)ead
exist for design/analysis software that can predict the frangibility of aircraft canopies under
a variety of differing mechanicand explosive force§s from detonating cord). The
software must bable topredict crackinitiation, crack propagation, and multiple crack
events for @ahree-dimensional curvestructuresuch as a canopy. Furthermayeen the
effectthat propagating cracksave onthe global structural response of a canopy, crack
tracking and continual computation dfe local and globalstress states is required.
Calculations of stresstateand crack topology must be automatic. Niavite element
meshes must also lgenerated automatically to allow design#re ability to evaluate
multiple design options in the fastest time possible.



DISCUSSIONS

Thework discussed herein discusses a predictive approach for aircraft cahapretes
upon the close cooperation of MSC/NASTRAN and fractmexhanics tgoredict the
growth of crack(s)and their propagation. Modignificantly, the program (PACE)
includes a re-meshing algoriththat automatically re-derives a nefimite elementmesh
after eachcycle of crack growth. This enableghe user to perfornanalysis relatively
effortlessly. In an earliepaper [1], the authordescribed theoverall functionality of
PACE and provided correlation between PACE and flat plate experiméhtseearlier
studies showethat, qualitatively, PACE was performing as intende@iventhe degree

of random behavior associated with craggkpagation, it igifficult to establish precise
correlation in a quantitativeashion between predictions and experiments; nevertheless,
the intent of PACE is to provide designers withahility to evaluate design alternatives in
an analytical fashion. Hypothetically, a desigoeuld establish a number of potential
designs(e.g., configurations of mechanicddreakers and detonatingprd patterns) for
analysiswith PACE. Once thanalysis iscompleted, break-out patterns for eatdsign
could beexamined from whiclthe designerusing various criteria such as fragment size,
degree ofragilization, etc.,could select the besdesignsfor furtheranalysis. Through a
process ohnalysis, evaluatiorgnd iteration, several best designs would be developed for
experimental evaluation. Suchpeocess reduces greatly the expense associated with full-
scale evaluation (estimated at over $100,000 per test), redudendtaedicated tanitial
design (frommanymonths to perhaps one month), @amblegshe more consistemesign

of new canopy fragilization systems.

The general computation process is reviewed In Figure 1. As depicted in the
lower left-handcorner of the figure, thdesigner/analyst provides amtial finite element
model complete with specifications of boundary conditions, environmental conditions,
loads, materiagproperties, anshormal and special geometrical @nstruction detailthat
felt to be germane tahe problem. Next, thanalyst performs amnalysiswithout
detonating cord (DC). Thaitial finite element analysiprovides information about
deformations, strains, stresses, and strain energy distributioogsghout themodel
(structure). In the next step, tdesigner/analyst woulckly upon engineering judgment
to specify an initiatonfiguration for the detonatirgprd (andmechanicabreakers if such
was a desigmmption). Based upothis initial specificationthe damage createdofn the
detonating cordbased on experimental observations) would be modeled cnaitk(s)
and crack-tipelements implanted intthe finite element mesh (automatically BRACE).

The nextanalysis usindSC/NASTRAN would provide informatiombout the state of
stress around the crack tip. These stresses would be used by the PACE fracture
mechanics modules faredict the propensity of the crackpoopagate, in whalirection,

and how far. Crack branching would also be predicted. fifiite element mestvould be
re-created tanodelthe new cracks. The process of iteratiorwimch newcracks are
formed and old cracks continue psopagatepranch, or become arrested is continued
until the canopy is fragilized sufficiently for the designer/analyst to understand the result of
placing the detonating cord in the locations chosen.



A finite element mesh of ai-18 canopy is shown in Figure 2. The model,
approximately 1000 elements in size, is beugped to evaluate the softwabeing
developed. Once developed, models would be larger (perR&8¥ elements).
MSC/NASTRAN is used to perform the stresglysis which isequired each time a new
finite element mesh and included crack elements are generated.

The three-dimensional canopy is “mapped” into a two-dimensional spasitbr
PACE's fracturemechanics predictive algorithrasevalid. Predictions made the two-
dimensionakpace (e.gpredictions of crackgrowth directionspranching, and amount of
propagation) are then translated back to dhniginal three-dimensional mesh. This
mapping permits three-dimensioratuctures to benodeled withinthe context oftwo-
dimensional fracture mechanics and the associated two-dimensional crack-tip element used
within MSC/NASTRAN.

CONCLUSIONS

Presently, PACE is under development. Tasic functionalitydepicted in Figure 1 is
established anavork with PHIGS software from DEC is underway. The intent of the
graphical interface is to allow designers/analytbts opportunity to intercede in the
computational process to review results, chdimgte element mestopology(to preempt

the use obbviously inferior meshopologies), and, in general, control the progress of the
analysis. Wheroperational, PACE wouldikely reside on a supercomputaliowing
analysis toproceed quidly. It is estimatedhat several hundred to a thousand iterations
would be required to execute a complete analysis.
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Figure 1 Schematic of PACE
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Finite Element Mesh of F-18 Canopy

Figure 2



