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Ailcraft  subsysiem birdstr ik-e resistance technology is being developed and
appl ied by the USAF l l r ight Aeronaut ical  Laboraror ies. Technology aleveloprnent
invest igat ions are undelway in the rransparency and englne subsystems ateas.
Advanced state-of- the-art  t ransparency sysrem technology is bei;g ur i l ized to
develop inproved birdstr ike resistant l r lndshield sysrems for several  aircrafr .
Transparency subsysten technology lnvest igat ions include developroent of:  comput€r
alded procedures for birdstr ike structuial  a[alysis;  birdstr ike haza.d r isk pie_
dicl lon techniques; design procedures for integrat ion of bir .dstr lke protect i ;n and
high vis lbi l t ty lnto hlgh temperature transparencies; tesr ing procedures for
lspioved correlal ion be!\reen 1ab and f ield perfornancei cr i ter ia.  eouiDnent ancl
procedures for insurlng avai labi l i ty of  sui table opt lcal  qual i ty;  ana a transparency
systeE design guidel ine docunent (handbook).  Engine subsystem technology invest i_
gat lons include developnent of:  st tuctural  design ci i ter ia that account for the
translen! ovet loads produced by bird and ice inpacts on turbine engine f i rst  stage
lan/compressor blades; developoent and inrerfaclng of strucrural  tesponse analysis
and irnpact loading nodel conpuler programs ro provide al l rect assessment ot a blacte,s
ltrPact darLage lolerance capabiliry; anal inproveal validatlon testlng rechrlques to
establ lsh rel lable forelgn objecr iopact design cr i ter la.  The deslgn analysis
oethods, fai lure cr i tet ia and testtng nethods wi l l  be appl icable to both advanced
conposl le maler lals al ld nonol l thlc r0ater lals of consrruct lon for currenE and
advanced fan/compressor blading. These technology alevelopmedt and appl icat ion
eltorts rJi l l  be dlscussed ln general  terns as w111 the rat lonale behind these
et lorts,  the manner in $hlch the technology developnent and appl icat lon efforts
ete lnterrelated, and so6e technlcal  volds in designlng tor,  ana tntegratfon
of ,  btrdstr lke resistance.

INTRODUCT lON

USAI aircraft  repeatedly prove thar birds and alrctaft  cannot occuDv ther a D e  a i r s p a c e  a L  t h e  s a n e  r i m e i  I O 0 O  r o  I 5 O O  b l r d s t r i k e s  p e t  y e a r  " " u " " - r i t l l o n "" ' .oou"."  in danage to USAF aircraft .  During the past 12 years nine mi l i tary
Pr.r .ots have been ki l led and t5 aircrafL have been destroyed due ro blr . l  impacr.4 y  l a r  t h e  n a j o r i r y  o f  t h e s e  I o s s e s  a r e  d u e  L o  v i n d s h i e l d  a n d  e n g i n e  i n p a c t s .ueslCn guidel ines, rest technology and hardware are being developed and applted
;:  1".1: .  aircralr  bird l rnpact resistance. windshield sysrems are beins developed'q provide inproved srrucrural  durabi l i ry for several  aircraft .  rransDarencv
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populat lon character ist ics.  This sensit iv i ty,  however,
ln acceptance of results for lhey can be biased towards
concluslons.

This nodel was inir ia l ly developed by Dr J" Halpin, USAF. Addir ional develop-
nent and evaluat ion was by Dt A. Berens, Universi ty of Dayton Research tnst i tute.
Th€ model and l ts appl icat lons are further descr ibed in teferences l .  2.  anal 3.

C o n p u t e r  A l d e d  P r o c e d u r e s  t o r  S t r u c r d r a l  A n a l v s i s

Etnplr ical ly der ived blrdst l lke resistan! systems cont inue to be the general
rule 1n systen development.  Lack of analyr ical  procei lures to predlct  blr i lsrr ike
resistance of al ter:nale deBtgns has resulted in systens of less than opt inurn
strength, neight and petfor idance propeit ies. Turn arounal t i ! [e and cost to deslgn,
bul ld and evaluare a nodif ied conf igurat lon tmpose such penalt les that ateslreal
perfornance is freqrent ly sact i f iced for program expedtency.

- 
I in l te elenent conputet pr:ograns developed for l inear or nonl lnear analysls

of cofiplex three dirdenstonal structures are belng clevelopeal anal evatuared for
appl lcat lon to the r ' lndshield and engine btrdstr ike probiem areas.

lJtndshlelds - The progralo belng developed for irlndshleld birdstrike stluctural
analysls is cal1ed MAGNA (Uater ial  and ceonerr lc Nonl lnear Analysis),  The.?rogran
lncludes preprocessors, nonl lnear analysls packages, user-wri t tLn lncrenental
loadlng subrout lnes and post processors including shape plott ing aoal stress ani l
straln contour napping. Figure 5 i l lustrates some of the UAGNA teatures,

I t r l t la l  results show strong pronise for MAGNA use in predlcthg test results
at var lous condlt lons once the results are known for one c;ni l l t ion, anal forpredlct ing test results for oodif icat ions to the basel ine cleslgn. The degree
to. i lhtch the nodlf led desl8n can depatt  f ron the basel lne tested destgn, ana
st111 yteld reasonable predtct lons, is betng evaluated, Ftgule 6 l l lustrates
a f lnl te elenent nodel of  a monolt thic F-16 canopy. Flgure 7 l l lustrates conparl-
eon of predlcted and actual def lect lons on an early,onolt thi"  polycarbonate canopy.

_ The utlltty of l4AeNA tn developlng an tntrial deslgn is being eva-Luated,
The progrgn was lecent ly used to conpare the stress tevefs aod i lef lect lon charac_
ter let lcs of two dl f ferent thlcknesses for an aciyl lc nonol l thtc canopy for the
f-1!.  Utt f t*  are belng buit t  to birdsrr lke test ior correlatton i r l rh predlctedperfonoance.

necessitates caut ion
preconceived or erroneous

- The _I'IAGNA computer progran and lts appllcarton to the transparencles probleE
t l e a  i s  f u l t h e r  d e s c r l b e d  i n  R e f e r e n c e s  4 , 5 , 2 2 ,  Z S  a \ d  2 6 .

- En8tags E The ftolte eleoen! cohpurer alded procedure belng developeal foren8lne appllcatlon ls called NOSAPM (Nonlinear Structural Analy;is prografi Modl_
j l : l , .  Th: ul t lmare soal of  the prosran ts to develop analyt l ia l  ani t  iesr proce_
outes rnd.deslgn cr i rer la needed to establ ish lnpact alabage tolerant fan/conpressorurade deslgns for future aircrai t  turbine edglne appl lcat lon, Flgure 8 l l lu; tratesthe,overal l  

.  approach L;htch lnvolves a blaale transient response model interact lnguln a lorelgn oblecr loadlng eodel to establtsh, as a funct lolr  of  t !ne, bladeqel lect lon ( tangent lal ,  axlal  and spaneise) and veloclry resulr lng fron a blr i l ,+Le or stone lopact.  Knowtng the bladers shaFe, natertal  ptopert les, and velocl ty
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Efforrs underway include: deveiopnent of a standardized test for evaluat ing
the enelgy absorpt lon character isr ics of polycarbonatei  examinat ion of var ious
codblnat ions of envirornenlal  exposures to determinc rheir  long term struclural
degradat ion efr . . ' . ,  r  !o1:r . : rbonaLe erergy absorpt ior l  character ist ics;  develop-
r , c n r  o :  n o r " F  r e 1 i . r r F - r i r d ' : r : l . : t  t : s E i n ! . i  d  d a t a  r e d u c t i o n  t e c h n i q u e s ;  a n d
eva-Luat ion of current fu11-scale systen test ing Eo ident l fy potent ial  areas for
dodif lcat lon(s) which would contr lbuie to insuring sat lsfactory long term systen
perforoance.

The inpacc teslst€nce of a poiycarbonate transparency is inf luenced by xoany
factors during i ts design, fabr icat ion, ar,d ut i l izat ion. These factors lnclude
such i tens as processing tenperatute, thickness, surface f in ish, adjacent nater lals,
and environnental  exposure. Evaluat ion of the effect q 'hich these factors have on
evedlual syste.d per. formance requires a rel iable tesl  nethod. Curient test nethods
were exanlned and a fal1lng weight type test procedure was selected, Figure 11'
which offers a Bood conprooise of sensit iv i ty,  versat i l i ty and econonlcs. The
result lng test technique is belng reviewed for American Society for Test lng and
Mater ials (ASTM) adoprton. Thls test technique is further descr ibed in Refelences
9 and 10.

The abl1l ty to use a coated polycarbonate transparency offers obvlous potent lal
advantages over a lanlnated acryl ic-polycarbonate transparency'  Reduced design
conplexi ty,  reduceC fabricat ion cost 5nd ir , l roved opt ical  qual i ty are but three
€xanpfes. Pr ior se.1'1.e i i fe experience ai th coated polycarbonates has not been
.r3ry favorable and laborarory abi l i ty !o predict  evenEual system durabi l i ty has
proven less lhan adequare. Results fron a ser ies of tests using the impac! test
oethod described above are being evaluated to deternine lhe change in iupact resls-
lance of coated and uncoaled polycarbonate specinens. The speclmens have been
subjected to var ious combinat ions of accelerated environnental  exposure condlt ions
vhich are bel leved representat ive of actual f le ld service. Addlt lonal infor!0al lon
on thls test lng can be obtalned fron Reference 11.

Current codputer prograns used to predict  aEd evaluaEe systen perfornance
and to opt lnlze systen design requlre accurate experlnental  data for lnput and
fol  ver l f lcat lon of predlct ions, Reference 22. Evaluarton of bird turpact Eest lng
to establ lsh character lst ics of the inpact force-t ine pulse for conputer usage
revealed the lnportance of blrd att i tude ar inpact,  Refeleaces 12 al : !d 27, A gelat in
blrd 16 bcing evaluated for l ts inpact conparabt l l ty l r l th a real bjrd ln an attenpt
!o further reduce resr lng var labi l l ry,  Reference 82.

The ab11lty of the MAGNA Conpuier Prograrn to generate predicted def lect ion
naPs durlng the inpact event necessltales aval labi l i ty of  a technlque for accu-
rale1y and economlcal ly recordin8 actual def lect lons. State-cf- the-art  def lect lon
&easurenent procedures r ,ere yleldinS unacceptable results due to lhe 1ow level of
conf ldence ln neaeured vaLues. A seml-autonat ic procedure ut l l tz ing a Molre
Ft inge type lr i lerferenee pattern was evaluated and adopted. Thls technlque 1s
lLlustrated ln l lgule 12 and is further descr ibed in References 13 and 29,

As one step in asGesslng the overal l  adeqlracy of t ransparency system tesr ing
co reasonably foretel l  eventual long tern systen perfonoance, a test faci l i ry
aurvey has been conducted. The survey addressed types of faci l i t tes and capa-
bl l i t ies present ly avai lable, types of test ing current ly belng conducted ard lden-
t i f icat ion of recognized voids in capabi l i t ies and faci l i t les for test ing of
current and advanced syslens. The r.esults of this survey ( including number of



-r

r :' ;l::,rfi :' rl;;,:il 4.i:irtil" tlli"l j t,li;::ii:ii,l:ilt"i :ll-,.
;1" i " : : : : : : : ' l ;  i l l l , l i ' l i " '1" ' i "  . '  rh i ' ' r rvev

:#iii::'r;ini::i i:l.ii;iii;":i :i:i:r"riIil'li:' *l"'f ';i*.itti''
:iir"i::r::tl.ii:illi ;:;.::;:1":.r:':il"::;""f it:il'.t.;i:l:'"' "-' ""
i l  "! i,." .., *,, ". 'h"':: '  i i :  l i l  ":: l ;;1"".,:": l;::":: ' :1.*:; l ' : ;:" '"-
:::::i.1":::i::;':'"li";:;:::::" " .,"..
ansparencv 0pEical Qual i lv Enhance ent

Lnherpnt in tne errort. l:.1'::: ' ;":: ' l ; : ' : ::::.;;; ' ::" ' :: l i : i ' : l i i ' i i , .",

,:ii;,:'."';:::'::'r!.!ii'i::iii:"u":i;i::il-,:"i;lr':i':;.".::::" " .".'
. : i ' ? : :  : i ; : : i " '  i " : ' . l i ;  : : i : : ' : ' ; : : ,  u " i v  p " i ro " ; ' g ' � he i  r . v i sua r  Lasks '

.li:iii,ii,.:*:lir i:;.*u'::ljl.i':;:'::':ll*r'll:'::'"i:;:1"::: 7'
i# jqr*:lr":i"iii;:;t:l;;:]i:i::i;*':l:':::"'::'^:':i''::""""i1":;"'"'

Errorts ro ,*o':1.:0.11"1.l:::;'lJili :::;':::;.::::::: ;l-:::'ii:'i::i:l

:;i:ii:: ;:'::'i:,:lilrii":-:lii:lil.i:ill:::l 'r;:"lr l"li'llii,l"lil;.,
,llii"llll; [::''1":::l::,i[*:;"::"":;;;;';; q'" 'n'"'':lili1 ':^il:"i;::::1,.

;::"i::riii::::i:: ;: 1*:';':'::ull::"il;:':i: ";:;iikii'ii'ni;:::"' "i"ie"'.

l=$,i'*tt:""i'i:.!:in'i::?n:ii;:"ii:.1*l:r,::l:t"liii"::,tli":"::l;i:::
:::"ii::i:r t"*:iliilnit:::-:'li: :'::l'i: i:!i.t" :iilHli:":i;':;;;;'
,ii".,-",."a.,u or in perrorninsral;::H':',i,::l.':iil'"I,i"ii"."01f'.u '"
overal l  aPProach to develoPnent  ^
; " ; " ; ; ; . " ;  I s '  rb ,  r7 .  {o '  and ' rs '

...".::::::?:: :l:,:":i: ft':::: t::;L:;:::' ::::i: :;':;::i:i.::illiii:;:::",
::lill::ii:tl,",;ilii;::;':::l'::i:.lil:':'":":::' [,:li:i]iiiilh. ^,i:;:'
:il[i,':i:,;;tr'lli.::-'i:;:;:1,:.'i:":i:]:'::':;:::'ili:ii1:' 

cransParenc es

::.t:::';Hli:"::':":'::::::'#l::;:til:+i=1.:rl'?ii'ill'"""11i!";'-iili
:i":"ii:Fi:';ri"::':.:::l;:: l:'^:?:'H:::''!':::':;:' "

3 l

1

TACH

lnpl
lncl

b i r
sys
has
L2

sy!
de!

sy
p I
r i

F-



TECIINOLOGY iIPLICATION

Technology appl icat ion acr iv ir ies are focused on ut i f iz ing rhe.above_
menl ioned_ rransparency Eechnoloiry de\eropnent and denonstracion acr lv i t ies toroprove the birdstr ike proteccion-and durabi l i ty of  current operar ional systemslnc]udlng the r-1l i ,  F-16, anC T-38. To faci t i late use of t ransparency sysren
;: :Y:] : ry,  

appLicat ion act iv i i ies also incrude developmenr of a nanoooor_type

L--!ll-lrqturEleljir !!u!

.  .  .  
The_ F-1l i  rransFarency sy:rren, Figure 14, reststance against a tour loundbirdstr ike has been increased from a nominal 150 knots . .  .  " . r i "" t  lcO U.i" ,sygten weighr penalty associared ui th rhe lar i inared plasr lc rransparency sysreir

l : "- l : : : : ' : : !  
wi lh v. i : ious desidn nodif lc.r t ions unrr i  i t  is presentry cnly aboutrz pounos over.  Lhe weighE of rhe or iginal  au_glass systea. The sysL€n! as pres_ent ly belng instal . led in the aircrafr  f reet,  at  least ten ai ic iat t  saves f ; :omotherwise carastrophic birdstr ikes are credired ro use of thls new rransparencysysten. Efforts invotved in de1.e1opnrcnr of this l ransparen.y system are furtherdescribed in References 20, 21. 31 an(,  14.

Current F- l1t  t ransparency systen r:etated acr iv i t ies i" . l "a.  . . , " f , rd ' t io" . fs] 'ster l  l i fe cycle char:acl :er lst ic:  for infornarion of benef l t  to other laoinatedplastrc transpar:e.cy prcgrans and examlnat ion of drsign nodif icar lons tor recr. ,t lon uf syslen ! , ie iqhr and cost.

F-16 -rl3asaq:egqlrye!9]1

"  The F-16 rransparency system, Figure 15 is of an abraslon resistant coatednonol i thlc polycarbonare construcEion. Operar ional experience ; l th pr lor at tenptsto ut i f ize coated polycarbonate fornlard facirLg transpaiencies has resulrec inco€t lng degradat ion pr lor to an "acceptable' ,  service 1i fe.  As a backup to !h€coated canopy'  1n event simi lar problems were encounler€ar,  three versions of :350 knot four pound birdstr ike resisrant laninated plast ic canopy were devafoied.An unplanred benef ir  of  one of rhe alrernate canopy designs is;  potent ial  werghrsavings of about 25 pounds over rhe currenr *o"ol i l r ic als ign.

_l ,ased on a recenr l i fe cycfe cost assessmenr, product ion conlracrs q,ere
altarded for tuo of the three laninared des:.Lgns tc be instal led on product jon: i r-craft  beginning 1at e 1981.

!:39-!.'":rs.sgJ._Cr!!cs

--^.-A,t_:r ." ." : !"  
Lransparency sysrem is atso being alevelopei l  for rhe T_38 eir_

blrdscr ike protecEion leve1 Eo 400 kncts.  This is an increase i .oo, u . ,ot l t "utcapabi l i ty of  250 knots for rhe windshield and 150 knots for the rorr i ,ard canopy.The present systen ut i l izes through-rhe-canopy ejecr ion as a backup energency
.escape 

p.ocedure. This feacure. or a sui table alEernat ive, wi l l  be retainedw ' , r , e  l n c r e r s r " C  l h c  c r n o p y  h i r d " r r i k e  n r o i e c E i o n  I e v e 1 .

l
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Present T-38 Lransparency systen rela!ed act iv i t ies

.u ."" i . " i t ""  of  candidare deslsns capable of ProvjdinB

.- i , i . l " . r i t .  Protect ion uhi le relainins Lhe backuP crew

.. ; ; ; ; ; ; ; - ; ;  iate are descr ibed in Rererences 23 and 2r1

ransparency Design Guide

involve develoPnent

lhe requi red increas€

e s c a p e  c a P a b i l i r Y .

I n E h e v a l i o u s e t t o r l s t o d e v e l o p a n d L l t i l i z e t e c h n o l o g y i n , i n p r o v i n g t r a n s -
arency systen perfornance t t  ot t ' i " - ion"t" t  that the exist jng daLa base js so

idely dispersed .r 'u.  on'  o"u""" ' i rv ' i 'aew"l"p" data or nakes 
*as 

su'npEions '

ronet imes er ioneous'  ln r ieu " "" i 'g ' " ' i r 'ur '  dsta An ' l l ( ) : :  "  consol idare

: r a n s p a r e n c y  s y s t e n  d e s i g n  " o  p " t t " ? ^ t " ' "  r e c h n o l o g v '  F i g u r e  1 7 '  i n t o  a n  e a s i l v

,".ii!-a."re" g";a. ro..n.l:::::::.:: iill,ll'l'llil;.::l:.:';::'::;:l:",.,"',"-locument,  Reference 6'  \" /as dcvero

nents, per: fornance d€ra'  and "v"t : ;"  ; ' " is" recomnenda t  ions '  rhis suide can be

,".a iv'."ei".".i"'-:*.ti1:"-'ll ?;::;:::1,:',:*:,':::iiili: ::"::;.T:il,"'"'"
::J::il:i';:':"::liil"ili '31; 'i'."i"...-'"-I r3.-ar.'hlch provides for easv iden-

t i f i c a t i o n  o f  e x i s t i n g  u " a a t o  t " t n " " t " t v  v o i a s '  r e c r i o o r o q v  v o l { i s  w e r e  i d e n l i f i e d

; ' ; ; ; ; - ; ; . . ; , " . " . " i i . i s e n s i t i v i E v t o : n v i r o i e n L a r c o n d i L i o n s ' a p p r o p r l a r e n e s s
o f  c u r r e n t  o p t i c a l  q u a l i t v  " ' 1 " ' ; ; ; ; t ; '  r n d  d e f j n i t i o n - o f . a  s t a t i s r i c a l L v  a c c e p t -

able b l rd inpact  threat '  ln t  oot t t l ] t t t  js  organized into the fo l lov ine chaPters:  '

Manasenenr of rransparencies "t *" iai" i-t" i ! t" ie's lesig"; rransparencv/Aircraf t

con f i gu ra r i on  Re la r i onsh ip ;  va " ' " " - . "a -op . i . " i  Des ign ;  s t ruc !u r3 I  Des i sn  and

Analys is ;  Bi rd Tnpact ;  o 'ut " t tu t " t  Envi ronmenEal  Dts ign;  Combat txposur :e Deslgn;

Mainta inab ir i  tv i  Reliabi l j tv; ""; ; ; ; ;o;;""cr r '" ie".vi111t;1, '"n and Quaritv

Assurance Requirenent5. ," '" ";p'; ; l ;  or al" lg" ;nd rest suidelines is further

descr ibed in Reference 19 '

c0Ncl-usrol

str :uctural  enhancement ut i -Liz ins advanced technolosv t l ' l '1""  derendence

on einpir ical  systen develoPnent is a;  ef fect ive \dav to provide- more svsten per

""r i - i i  or"g' . i "  cosl  and durat ion'  rn addir ion to i ts appl icabi l i tv !o nen'

s y s l e m s ,  r h i s  t e c h n o l o g v  a r " ( )  * ' o ' "  i i  p ' o ' t i ' " l  : " : 1 9 ' : 9 ' t h e . s r r u c t u r a l  
d u r a -

*iiii"*-:::^::i::::.i::'::: i*.ii:::!x;':*i:,'t'::,:'::::':;d/'r 
c's'�-'r-

1 .

2 .

3 .
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