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ABSTRACT

Blrdstr : lkes to the crelr  enclosures of USAF I ' /RF-4 alrctaft  have ie6ulted

ln nslor:  alrctaft  dedsgeE anal sevele p1lot in lui les. Analvsis of operattonal

blrd lnpact stat lst lcal  data {ndlcates that tbe trend of damag{ng blrd lnpscts

of the F-4 ls cont inulng to r{6e. Impacts to the I-4 transpArencv sYsten also

cont lnue to r : lse iesult lnq in a cont lnued f l tght safetv i lsk to th€ alrcraft

and the atrcrew. The Alt  Force Wr: lght Aeionsut lcal  laborator les'  I rnproved

i.r indshleld Protect lon Off lce has lnl t iated a prograo to dewelop a tratsparencv

svst€n fot the I-4 alrcraft  l th lch has four-pound, 500-knot hlrd lnpact

capabl l t ty.  The f l r :st  step ln thls prograln l ,as to cxperl tnental lv deternlne

the exlst lng transpatency systen capabl l l tv by blrd l f ipact testt f lg ful l -sca1e

f l tght hatdware. Etght inpact locattons on the r ' lndshteld and fottard canopv

were testea to fal lure wlth four-pound blrds. TeFlts on expeitmental  '
lamlnatei l  wtndshteld slde panels nere also conducted to lnvest lgate the

capabl l l ty of  the l . lndshl€ld frene'  The basel{ne blr :dstr lke test results are

presented thiough the use of post-re3t photographs, test f l lns'  and an lnpact

capabl l l t . /  d lagran, Proeiar0 progtess subsequent to the basel lne testtng w{11

*Prepared for use at the Btrd str- lk€ Conmlttee Eur.ope n€et lng'  26-30 }{av 1986'

Copenhag€n, Dennar:k,

Thls t6 an update of the teport ,  "Blrd Tdpact Evahat lon of the F/RF-4

Transpar:ency Svsteo," prepared bv Capt R. Stmons, AT Wtlght Aeronaut lcal

l -aborstot lee, ani l  c '  Stenget,  Unlwersi ty of Davton Research rnst{ t t r te '  The

report  was presented at,  end 1s lncluded 1n the proceedlngs of '  the IAA-

soonsor€d conferance sni l  t ralnlng workshoP on Vl ld1tfe Hazards to Alr :craft '
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ABSTRACT

Btrdstr lkes to the crew enclosures of USAF F/RI-4 alrcrsf t  hawe r€sult€rt
ln na-lor alrcraft  danages coupled wlrh severe fatal  pl1ot tntrr les, Anslvsts
of operat lonal bi id lmpact stattst lcal  data lndlcates that the trenal of
danagtng btrd lnpacts of the F-4 ls conttnulng to r tse. fmpacts to the F-4
tranapatency st 'steD also cont lnue to r lse resulr lng 1n a cont lnu.d f11ght
safetv r lsk to the alrcraft  and the alrcrel{ .  The Air  lorce wrJsht Aeronau-
t t c a l  L a b o r a t o r l e s ,  T n p r o v e d  W t n d s h t e l d  p r o t e c t J o n  O f f t c €  b a s  l D l t l a t e d  a
progran to develop a transparency systel [  for rhe F-4 alrcraft  whlch hae four
pound, 500 knot hlrd lnpact cap6hl lJtv.  The f l r6t  s lep ln this prograrni 'as ro
experlEental lv deternlne the exlst lng t iansparency svetern capabl l j ty bv blrd
lnpact test lng fu11 scale f l ight hardtsar:e. Eight lnDact locattons on the
wlndshteld end foreard canopy were tested to fal lure wlth four pound birds.
Tesls on experl  ental ,  la l l tnated wtndshteld slde Danels were also conducted to
invest lsete the capablt l tv of  the r lndshleld frame. The baseltn€ blrdstr lke
test results are ptesented through the use of post test photographs and an
l&pact capabl l  l tv dlagtam,

INTRODUCTlON

Due to the advancement ln radar detect lon technlques as rel1 as the
dev€1oproent and lncreased use of terraln fol lorr tng lnstrunentat lon, an {n-
c r e a s e d  a n o u n t  o f  h l s h - s p e e d  f l l g h t  t t n e  1 s  p e r f o r n e d  a t  R l t J t u d € s  b e t o w  1 0 ,
000 feet,  Many alr  for-ce hlgh-speed air-craft  t ranspatency systems rJere not
deslgned to neet the lncreased bl td lnpact r lsk assoctated !r .{  th thls phase of
the f l lght operat lon. The F/RF-4, Flgure l ,  ts but oir€ example of an alrcraft
whlch was not designed ni th a transparencv system capabl€ of survlving the
blrd l f tpact event.  An€lvsls of btrd6tr lke star lst lcal  data obtalned fron t l1c
Alr Force Tnspect lon and Safety Center.  at  Norton AtB, Cal l fornla shows that
durlng the perlod January 197I to l {arch 1981, 30 of the 68 r€ported
blrdstr lkes agalnst tbe rransparency r-esulted 1n D€net iatJon into the crer" l
compartrnent.  Assoclated tr l th theFe penetrRt lons rer€ 12 Jntui les (sone
pernanent ly d{Bablrng) to al tcren personDel,  loss of one alrcrafr ,  and one
pl lot  fatal i tv.  Recent blrdstr lke dara cont lnues to sholr  an {rcr:ease 1n thp
nutrber of lmpacts end, without stgnlf icaht changes ln the ntss{on requlrenews
lhat have resulted ln thls lncreastnq blrdstr ike rate, an even lsrgei nuhber
of danaglng btrdstr ikes rnay be expected ror the F/RF-4 alrcraft  {n the futute.

*Progren Hanager,  Air  Force Wrtght A€ronaut lcal  laborator les, Vehtcle Eqrr lp-
ioent Dlvl€1on
**Assoclate R€search Engineer,  Aerospace Xechanlcs Dlwtston
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FACKCROIIND/OBJECTTVF

As a result  of  the 1o6s of a USAF F-4F at icraft  and s pi lot  fatal l ty due
to a l r lndshleld blrdstr lke 1n Novenber 1980, the Impioved Wtndshield pro-
tect lon Progran OffJce was dlrected to dewelop an lnpro\,ed bt id lnDact resls_
tant tranaDarencv svsten for the r /RF-4 a{rcraft .  The iol t la l  phase of thjs
proqran lncluded an expertrnental  test ser les rrhlch was conducted to ateterrr tne
the besel lne blrd l rpsct capabt l l tv of  the curr:ent F/RF_4 transparencv systeft .

The pr lnar-v obJect lve of thls blrd tnpact test ptogran, conducted atur lng
the Der ' lods August-Ocrober I982 and Febrrarv 1983\ 'es to deternlne the ntn{nun
blrd penetrat lon veloctt \ /  as a funct lon of blrdstr lke locat lon for the
w{ndshleld and forrard canopy. Sec.ndary oblect lves of the t€st proAran were
t o :  ( l )  c o l l e c t  s u f f l c l e n t  d a ! a  f D h o t o g r a p h l c ,  s t r . a l n ,  a n d  a c c e l e r o n e t e r )  t o
support  the subsequenr transparencv systen iedeslFn effort :  and (2t to lnves_
t lgat€ the capabl l l tw of the wlndshleld support  str-ucture to absorb (anat
transfer tnto the fuselag.) the energies assoclated v{th the b{rd lEpacr

EXPER]MTNTAL PROCEDTIRE

The blrd l l l lpact test lng of the F/Rr-4 transparency syste$ was accom_
pl lshed st Range S-3 of the./on Karman cas Dvnenlcs l .ac{ l l tv of  the Air  Force
Syst€n Cof inandr s Arnold Fngln.er lng Developnent cent€r.  Flgure 2 sbo!, ,s the
test area atrangerh.nt.  Capabl l { t les of th S-3 Ranpe are cont lnued {n
Reference 1. The baslc procedure enploved ln testtng ln the S_3 RanFe
c o n s l s t a  o f  I  a u n c h t n g  b t i d  c a r c a s s e s  e t  s p e c l f l € d  v € 1 o c l t t € s  ( u s l n g  a n
air-drtven launcher) lnto predetedrlned tmpact locarions on a test art lc le.
For the F-4 baEel lne tests,  s lx lmpact .r .cat lons on the wlndshleld anat fon ard
canopv nere lnv€st lgated wJth tbe frs€tage al tgned at 0" pl tch and 0" vaw
relat lv.  to the launch path. Side lnpact test6 were conducteat at one locat lon
on the i r lndshteld stde panel and one on the forward canopv wlth th€ fuselage
yalred at 15'  relat ive to the launeh Dath-

Test Flxtute /Test Art lc les

To nore clo6ely s1.au1ate the actual btrd lnpact response of the transpar_
ency and to eet real lst ic load transfer,  an F-4 fonrard fus€tage sect lon was
used as the test f lxture (see r lgur-e 3).  A11 transpaiencl€s and relateat
hatdwsre Fere actual al icreft  structures r€inoved frorD sircraft  J.n storape at
the M1l l taiy Alrcraft  Storsge and Dlspostt lon Cenrer et Davls-Monthan AFF,
Arlzona. Test art lc les conststed of the forrard l r tndshteld ass€rnb1v (trro
p l e x l g l a s s  s { d e  p a n e l € ,  l a h l n a t e d  g l a s s  c e n t e r  p a n € 1 ,  s n d  s u p p o r t l n g  s t r . u c _
ture) and the forward canopv assenblv,  Tte cross-sectton of_each transparencv
cornponent 1s shom 1n Flgure 4.

The lr tndshield fran,e capabl l l ty ras deteihlne by utJl lz lns 1an{nated siale
pane16 trhlch rr€re deslBned, developed, but1t,  and donat.d bv cooalyear Aero-
space Corporat lon, Ll tchfteld park, ArJzona. ?he laDlnated panet cross_
sect ion nay be seen Jn Figure 5. When a transparency fal led ln a test,  t r  r , /as
renoved fror i  the frane, the frane \ras lnspected, and t f  no structural  damase
bad occurred, another transparencv lras nounteat 1n D1ace.
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P r o J e c t l l e s  a n d  S a b o t s

Proiect l les launched durlna thls test proqrsrn vere nonln€11v four-pound
c h i c k e n  c a r c a s s e s .  T h e  b t r . d s  w e r e  a s p h v x l a t e d ,  q r t c k - f r o z e n ,  a r d  s t o r p d  a t
0 ' r  u n t t l  n e e d e d .  P r l o i  t o  t e s t i n g ,  t h e  c a r c a s s  l ' a s  t h a \ r e d  t n  s t I 1 l  a l r  a t
toorn teinpeiature (75"I)  for aptroyf i latelv 24 hours or unt i l  the bodv cavl ty
t e m p e r a t u r e  w 6 s  7 0  1 1 0 " F .  A d j u s t n e n t s  r o  t h e  b i r d  c a r c a s s  w e l g h t s  n e r e
required to achieve the deslred Fetght i . ' t thtn : t0.1 pound. These adJustnents
ner€ acconpl lshed by cl lpptng carcass appenCaqes or lniect lnq \rater tnto the
b o d v  c a v i t w .  I n  n o  c a s e  d l d  t h e  a d l u s t n e n t  e x c € e d  l 0  D e r c e n t  o f  t h e  b t r d
\ r e J s h t ,

The packased b{rd was rnated to th€ launch tube u€tDq a one-ptece sabot of
balsa w.od const.uct lon. The sabot nater{als densltw iras nonlnaltv l0 lb/ f t
p r o v l d l n g  !  s a b o t  l r € l g h t  o f  1 . 7  1 b  a n d  a  t o t a t  l a u n c h  i r e l s h t  o f  5 . 7  I b .
Sep€ratton of the blrd and sabot after launch was acconpl lshed wlth the use of
the tapercd and threaded cyl indr lcal  sabot str tpplng secr lon attached dtrecttv
to the vent sect lon of the launch tube lFlgure ?).  As the launch Dackaep
e n t e r e d  t h e  s t r l p p e r  s e c t l o n ,  t h e  s a b o t  v e l o c j t v  i r a s  g r a d u a l l y  d e c r e a s € d  b y
t h e  s h e a r l n g  o f  t h i n  l a y e r s  o f  s a b o t  n a t e r l a l ,  p e n n l t t t n g  t h e  b t r d  t o  e x t t  1 n
f r e e - f 1 1 s h t .

Instrunentat lon

Insttumentat lon for.  thls ser. les of tests was prtDarl ly desjsned to
c o l l e c t  d a t a  f o r .  , r s e  w l t h  a n € l v t l c a l  t t a n s p a r e n c v  a n a l y s l s  t o o 1 s .  F o r r  t o
f lve hlgh-speed l !ov{e careras i rere used to record the lnpact event.  Tle
canreras were sl tuated ln sr lch a rnanner as to galn an overal l  perspecttwe of
the lnpact polnt (Flgure 6).  Tn addit lon to the hlgh-sp€ed caneras, st t l l
photographlc coverage was used to record nre- and post-test cond{t lons.

A total  of  20 st ialn gages a'ere nonltored durlng each tr i tJact.  1 'hese
q a g e s  n e r e  l o c a t e d  1 n  s u c h  a  m a n n e r  a s  t o  r e c o r d  t h e  l o a d  c h a r a c t e r j s t { c s  o f
the transparencv support  str t ]cture drrr lng lmpact.

Two acceleronet€rs qere used to monl tor-  the not ion of  rhe f rahe dur lnq
bl rd lnpact .  X-rav shadolrgraphs \ rere used to ro. l tor  the b l rd posl t lon and
o r l e n t r t l o n  D r l o r  t o  t h e j r p r c t  ( F j g u r e  ? ) ,  T b e v  w e r .  n l s o  u s e d  t o  v e r l f y  t h e
l n p a c t  v € l o c 1 t v .

Test area ternper:ature was f teasured bv tr ,o therncouples posJt lon€d near
t h e  t e s t  t r a n s p a r e n c l e s .

l m p a c t  L o c a t l o n / T n p a c t  V e l o c l t l e s

The €leht lnpact locat lons used aay be seen ln Ftsure 7. These locat{ons
w€re chos€n through the use of an angle of lncldence study and represent areas
fhere the tnexlnum energv could bc t iansferred fron the traveltng blrd to the
stat{onaiv structure. At lea€t two Jmpact locat lons on each transparencv
svsten cornponent were lnvest lgated sr\  that a capab{lr tv map could be dew€1oped
for the ent lre s1.sten, I rnpacts at locat lons "1" through "c" t ,ere made \r t th
t h e  f u s e l a g e  s e c t l o n  a l J g n e d  a t  0 "  p l t c h  a n d  0 o  v a w  r e l a t l v e  t o  t h €  l a u n c h e r
f l l g h t  p a t h .  i s p a c t  l o c a t l o n s  w e r e  c h o s e n  t o  i n v e s r l g a t e  t h e
transparencv capabl l j tv 1n the sl11 area. Inpacts at rhese t l ,o locat lons r ,r€re
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nade wlth the fuselsqe varred at a 15" (clockwJse) angle so that sutf lc lent
b l r d  c o n t a c t  c o u l d  b e  m a d e  w t t h  t h e  t e s t  a r t l c t € .

_ 
Tle lnl t tal  l rnpact v€loctty was st lght lv be]ow the expected fal . ture

velocl tv.  Iai lure welocJt{es rrere anatyt lcat lv determtned at each inpactlocat lon bv enplovlng th€ predlcr lon nethods found Jn Reference 2. succeedlnglnpact velocl t les trete tncreased unt l l  t iansparencv fal lure at that locat ionoccurred, The fat lure velocl ty range could then be biacketei l  betreen the
hlghest welocl tv at lghlch fa1lur:e had not occurr:ed and the velocl ty at whJchfat lure had occutred-

TEST RESiJI,TS

The basel lne bJrdstr lke caDabl j  j  t , r ,  for the F/RF-4 t lansparencv systen wasd e f l n e d  w l t h  a  t o t a l  o f  2 5  b i r d  l f t p s c t s  a t  e l q h t  l o c a t t o n "  o o  t h u . . " . " p " . " . " ,
systen. The results of these tests have been strnnaitzed in a capabl l { tv
dlagr:an as shown 1n l tsure 8. Thls dtagiaxa presents the ro"r_f"""a t i ralnpact capebl l l tv of  the exrst lns o' lndshlerd sv.ten w{th the f iserage orrentedat 0" pl tch and O' van. This dlaBran ls bas€d on the actual test data rr l tht h e  a r e a s  b e l n R  d e f t n e d  a f t e r  c o n s l d e r t n g  t h €  r e c o r d e d  p . " i : . . " i  o b s e r v a t l o n s ,
t h e  h l g h - s p e e d  m o v l e s ,  t h e  s t r a l n  d a t a ,  t h e  l n p a c t  a D g l e  o f  l n c l d e n c e ,  a n d  t h eptoxldl ty to the €dge 6ttachrDent.  The vatues represent an approxlnat€ thresh_o1d of fal lure veloctty ( tn knots) ror var lous €reas on the l , in;sh1e1d and

u$"r'1slg_g!*s""_!

-  - ,  The l lost cr l t lcal  lnpact locat lonr,as on the forwar.d area of the
0 , 3 8 - t n c h  t h l c k  s r t e t c h e d  a c r v t i c  a t n d s h j e l d  s l d e  p a n e 1 ,  t i f r . t  p . r " t  " e . , ,
The lnpact ansle of lncldence was 27 i teqrees , t  t t  "  t rr i . r ' io ina. , .p." .polnt "Ar 'was lnl tJal lv Jnpacted \ .1th a four:-pound blrd at lo0 knots i {hJch
r e 6 u l t e d - l n  n o  d a h a g e .  A  s u h s e q u e n t  s h o t  a t  i 0 0  k n o t s  r e s u l t e d  l n  a b o u t  h a l f
o r  t n €  t o u r - p o u n d  b l r d  p e n e i r a t i n g  t h e  t r a n s p s r e n c y  ( s e e  F t g u r , e  q ) .  T h e
transparency fraDe nas not danaged.

The aft  area of the wlndshteld slde panet ,as testeat
was found to have a fal lure threshold of 2t0 knots. The
d o e  t o  t h €  r e d u c e d  a n g l e  o f  t n c j d e n c € :  2 t  . l e g r e s s .

Wtndshteld Ceoter panel

The 1.2-Jnch-thlck lantnated qlass L,tndshleld center panel denon6trated
the hlghe-qt capabt l l ty of  any Dart  of  the current trsnsDsrency sv6ten. A
four-pound, 300 knot shot on tbe fonard €nd of the g1u"" c"r , i " .  panel (1o_
cat lon'Drr)  resulted 1n a subFtant lat  aEount of glass-spa). l .1ng ni t  . t "  f r ,"ra"
s u r f a c e ;  h o " e v e r ,  n o  b t r d  p e n € t r a t e d .  A  s h o t  a t  3 7 5  k ; o t s  a f  t o c a t r o n , , n , ,
r e s u l t e d  l n  t h e  f a t l u r e  o f  t h e  g l a s s  c e n t e r  p a n e 1 .  T h t s  t € 6 t  r r a s  c L a s 6 l f l e d
fal l lure because much of the lorer hal f  of  the transparencv sDatled lnto the
cockp{t j  and the p1lot l roulal  have been facing ,  "nr" la. . . t t . ,1nd blast even
t h o r t B h  n o  b t r d  a c t u a l l . v  p e n e t r a t e d  ( s e e  F r g u i e  t 0 ) .

A four-pound, 375 knot shot rr€s rnade on rhe afr  end of thp wlndshletd
center panel at  locat lon, 'Cl and resulted tn a snat l  aDount of the bJrd pen€_
tr:at ing the wlndshleld and canopv r.ranes. SoDe slass was spal led tnto th€

at  l  ocat l  on ' rB ' r  and
sna11 lncr .ease was
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c o c k D l t ;  h o w e v e r ,  n € 1 t h e r  t h e  g l a s s  n o r  t h e  b l r d  v o u l d  h a r . , e  p o s e d  a  s e r l o u s
t b r e a t  t o  r h e  p l l o t ,  a n d  t h i s  t e s t  w a s  c l a s s t f l e d  a  D a s s .

A  4 5 0  k ) 1 o r  s h o t  a t  l o c a t { o n  " C ' ,  r e 6 u t t e d  1 n  a  s u b s t a n t t a t  a m o u n t  c t
s p a l l e d  g l a s s ,  I n  a d d l t l o n ,  t h e  c e n t e r  p E n e l  v a s  p u s h e d  d o r , n ,  b , r c k t l n g  t h ewlndshleld arch supporis,  and the btrd r ,npactea t le fon,€rd f ;ane of the
foiward canopy, ?hls fal led the canopy frarne and transparency, resntt lng Jnc e w e r a l  l a r g e  p i e c e s  o f  s p a t l e C  a c r v l i c  a s  s h o , r n  t .  F J g u r e  l t ,  T h j s  t € s t  w a sc l a s s i f l e d  a  f a i l u r e  b p c a u s e  o f  t h e  p o t e n t t a t  r n t u r y  t o  t h e  p i l o t ,

One shot ' ras 'nade at 300 knots on th€ sheet netat Danel forvarat
e l t r d s h i e l d  c e n t e r  p a n e l .  S o n e  h l r d  p e n e r r a t e d  r h e  s t r u c r u r c  a n d  t h e
1 t v  v a s  e s r l n a t e d  t o  b e  2 5 0  k n o t s .

For 'rard Canopy

coNct.UsT0NS

_  T h c  F / R F - 4  t r a n s p a r e n c y  b j r d s r r l k e  t e s t s  h a v e  e s t a b t t s h e d  t h e  € x t s r J n s
c a P a b l l l t v  n f  t h e  r r a n s p a r c n c y  s w s r e n  a n d  h a w e  q e n e t a t e a l  s  u F e f u l  d a t a  b a s e
I . r ' d e s l E n J n e  a n d  e v r l u a i l n g  v a r l o u s  b l r d  i n p a c t  r e s l s t a n r  d e s t e n s .  r n _ t 1 e L d
3 e r 1 ' l c €  h r s  d e m o i s t r a t e d  t h e  r e e { i  f o r  l n p r o v e d  h J r d s t r J k e  D r : o t e c t l o n  a n d  t h e s e
t e s t s  c o r f i r n l  t h l s  . e e d .

T h e  0 . 3 0 - i n c h  t h l c k  s t r e t c h e d  a c r y L l c  c a n o p v  w a s  l � n p . c t e d
t h r e e  l o c a t l o n s  a n d  , ' T ' , ) .  T h e  d c m o n s r r a t e d  c ; p a b 1 1 l t t e s  i , e r e  2 4 0
k n o t 6  a t  t o c a t l o n " F , "  2 2 0  k n o r s  a t  1 o c a t l o n , i c , "  a n . l  2 3 0  k n o t s  a r  l o c a r l o n , , T . , ,
A  3 0 0  k n o t  a r e a  w a s  a d d e d  1 n  t h e  c a p a h l l l t y  d l a g r a D  t o  r e f l e c r  t h e  d e c r e a s e d
angle of tncidence. No danagc ro the frane ot suppott  Ftrucrure was tounat 1na n v  o f  t h e  c e s t s "  T h e  t r a n s p a r e n c y ,  ' ^ , h e n  f a t l e d ,  s p a l l e d  s € v e r a l  t a r g e  p j e c e s
o r  a c r v l l c  ( e s t l n r a t e d  a t  o w e r  8  s q .  1 n . ) ,  i n  a d d J t t ; n  r o  r n a n y  s m a L l  D r e c e s ,T h i s  s F € 1 1 e d  a c r v l l c  c o u l d  c a u s e  s e r l o u : r  t n l u r v  t o  t h e  p 1 1 o t .  A t s o ,  t h e  p j l o t
s o u l d  b e  s r r b J e c r  r o  c o n s l d e r a b l e  u { n d  b i a s r  a n d  b u f f e t l n s  t h r o u g h  t h e  t a r . g e
h a l e s  l a f t  1 n  t h e  r r a n l i p a r € . c v  ( F l a u r e  l 2 ) .

wlndsh 1e1d Frane

T h €  c a p a b l l i t y  o f  t h e  F - 4  p r " o d u c t t o n  f r a n e  w a s  d e t e r n l n e d  b v , , r i r . . , r n d
lanlnated panels forned rn t te i -a slr je pane.t  shape. rhe """ ;1;  

' " ; ; . ' ; ; ; ; : "d

1n the franerrrcrk uslng alrcraft  erade bolts.  Flwe tnpacts weie made on rhe
\ t t n d s h i e l d  s t r u c t u r e  v l t h  t h €  l a m t n a t e d  F a n e l s  l n s t a l l e d ,  o n e  a r  t o c a t i o n ' , A [
a n d  f c a r -  a r  ' l o c a t l o n  , ' B . "  T h e  t n p s c t  a t  t o . a r l o n  A  a n C  t h e  f l r s t  j m p a c t  a t
I o c a t i o n  " B ' r  n e r e  p e r f o f t € d  a t  4 5 0  k n o t s  w l t h  c a t a s t r o p h l c  f a l t r t r e  o f  t h e
f r a n e  o f c l r r r t n q  t n  b o t h  j n s t a n c e s .  T h €  l n D a c t  p " r " t ' , i "  f a i l u r e  r e s u t t e C  Lp a r t s  o f  t h e  r i n d s h J e t d  a r c h  e n t e r l n g  t h a  f o r w a r d  c o c k p i t ,  p o s l D B  a  s l g n l f l _
c a n t  h a z a r d  t o  t h e  p l 1 o t  ( F i g u r e  l 3 ) .  F o r .  t h l s  r e a s o r ,  1 r ; a s  d e t e i m l n e d  r op € r f o r n  a C d { t i . c n a 1  i e s t s  a t  l o c a r l o n  ' , 8 . , ,  t h e  t h r e e  s u b s e q u e n t  t € s t s  a r
l o c a t l o n  " B "  r e s u l t e d  i n  a  f r a n e  f a l t u r e  a t  a  v e t o c t t y  o f  3 7 5  k n o r s .  r a i l u r e
a t  t h l s  v e l o c i t v  c o u l d  h a v e  b e e n  p r e d t c t e d  f r o r n  a  p l o t  a f  t h e  s t r a l n  d a t a
taken at pqge locat lon cI-4 (close' �" t  gaga to the fai lure polnt)  and th€ lnpact
v e l o c l t y  ( F l g u r e  l 4 ) .  N o t e  h o w  r a p t d l v  t h €  s t r e s s  r l s e s  w l t h  w e t o c l t w  i n  t h t sp a r t J c r l a r  l o a d l n g  s t t u a t l o n ;  r h e  n t a g n t t u d e  o f  t h e  t o a d s  l n  t h e  $ L . u c . u r e
a p p e a r  t o  b e  e x t r e D e l y  s e n E t t t w e  t o  w e t o c l t y  { n  r h e  3 5 0 _ t . _ 1 7 5  k n o r  r a n g e .
F r a i n e  b a s e l i n e  c a p a b l l l t v  l r a s  a c c e p t e d  a s  1 7 5  k n o t s .
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' I 'he data genetared fron these tests show that thp acrvl ic s lde panels andfonrard canopv rdust be reDta.ed wtrh btrd resistant a." ie."-" i r"h r , ,111 prowtdet h e  d e s r e e  o f  p r o t e c r l o n  r e q r r t e d .  A l s o ,  t h e  . ; ; ; ;  i ; ; i ; ; ; " ;  ; ; a t  a  n e w  o rr€lnfor:ced lr tndshleld frame 1s reqrlred.

_  A  p r o g r a D  c u r r e n t l y  u n d e r  e a y  w l l l  € v a l u a t e  s e v e r a l  a l t e r n a t l v e  b j r dlnpact reslstant t ransparencv svst€rn deslgns. The resurt  "rr i i  iu ""  , rro.a-aDre transpar-ency svst€m irhlch wl l t  Drotect the F/p.F_4 crew i t rrr tng hlgh speed,1 o L '  l e v e l  f 1 1 e h t .
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Flgute 4 - Cross-Sec t lons of Produc t lon Transparency Systen.
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!  l g u r e  5 . iaDinated S{de Panel- Ctoss-Sect lon.

Figure 6. Locat lon of l lot  lcm Plcture CeEelas.
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Flgule 8. g1!d l lopact Capabl l i ty Dleglas.
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Flgure 7. -  IEpact Locet lon6.
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F i  g u r e  9 . l 'osL Iest  Drmatr f ,  2rr0 Kl . r  ! r ioe Pan.r1 Inf . rc t ,

F i s o r e  l ( 1 . l l : ,  i i i t n L  l r n p a c r  L o !  o n  C e n t e r  P a n e l .

f i g u r e  l l .  l i s t  I . r s L  t ) r i , r l i ' ,  r i 0  K r . r L  I n . a , . r  t f p e f  C € n t c r  p a n e t .
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FiSure 12. 270-Knot Impact,  Center l ine of forrard Canopy.

I i B u r e  1 3 .  F a i l e d  r " ' i n d s h l e l d  A r . . c h  F r a s n e n t s .

Eigure 14. l , laxinun Stress vs.  Velo. i ty  G;1ge GL4 ln] r . : rc  t  on
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