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Fteure 1-  The purpose of  th is  repor t  is  to  br ie f ly  descr ibe and
i l lust rate a iecent  ef for t  to  analyze lhe potent ia l  r isk of  b i rdst r lke
danage to an a i rcraf t  windshie ld system,
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for  use a!  the Bi rdst r ike Cordni t ree Europe Meet ing
d.UTing 22-26 october 1979.

lhe factors which in f luence qrhethe.  a b i rdst r ike
the windshie ld systero? Intu l t ivety,  the probabi l i ty

b i rdst r ike is  a funcr ion of  the b i rd weieht .  the

l igure 2 -  This  devetopnent  af fords us another  weapon for  use 1n our
bi rd \ rar  bat t les.  The technique resul ts  ln  predlct i re the probabi l i ty  of
b i rdst r lke danage thru stat ls t lca l  considerar ion of  4 facrors:  Number of
inpacts,  b i rd \ re ight ,  impact  ve loc i ty ,  and inpacr  codponent  s t rength,

Fieure 3 -  The approach vhich v111 be taken 1n descr lb ing th ls  tech-
nlque is  to  br ie f ly  descr ibe rhe star is t ica l  inodel  forDulat lon,  descr lbe
the components of the node1, apply the technique and suinarlze the flndings

Figure 4 -  The techf l ique was fonnulated by Dr.  John Halpin, USAF,
during his efforts to assess the adequacy of v indshleld systeD blrdstr ike
ptotect ion being designed lnto a new aircraft .  Subsequent nodel dewelop-
nrent, analysis and docunentation were perfornred by the Universlty of
Dayton Research Insr irure (UDRI).  The efforr  at  UDRI was sponsored by
the Air  Force Fl ight Dynamics Laboratory, Pr inclpal lnvest igators at
UDRI were: A. Belens, B. West,  and M. Turet la.

I igure 5 -  Regardless of prevent ive neasures, birdsrr ikes !1111 occur.
USAF experience is that there are abour 35 birdstr lkes per 100,000 f l lght
hours. I t  is obvlously unreal ist ic to protecr againsr al l  1eve1s of potenrial
birdstr ikes, so the general  approach, as you al l  nel l  know, is to pick a
?lotect ion 1eve1 vhich is felr  to reasonably represent the r lsk to be en-
countered. Hotrever,  once rhis desired protect lon level is esrabl ished,
we l tust consider tro quest ions: rrhrhar happens t f  I  hi t  a bigger bird ar
a slower speed or a sr0a11er bird at a higher speed?I and, 'kow l ikely
is such an occurrence?rr The answers ao these tso quest ions are, of  course,
a funct lon of such things as geographical  locat ion, alrcraf!  alr l rude,
alrcraft  nission, and aircraft  deslgn. An abi l i ry to aralyt lcal ly assess
this r lsk to a tr :ansparency systen, from birdstr ike hazards other than
those fohhich i t  was designed, is t ruly needed. Tr is this need which
plompted the nork being reported on coday.

I i g u r e 6 - l { h a t a r e
'iII result in danage ro
of damage due to a single

oral Presentat ion out l ine
Hague,  Nerher landsln The



lnpact  ve loc i ty ,  and the st rength of  the lnpact  point .  Carry ing th is  in tu i -
t ion one step fur ther ,  the probabi l i ty  of  b i rdst r ike danage dur ing a f l ighr
is  then the probabi l i ty  of  danage due to a s ingle b l rdst r ike t imes the
expected nuDber of  b i rdst r ikes.  I t  was hypotheslzed that  i f  each of  these
factors could be ldent l f ted ln  a stat is t ica l  fashion,  there should be

of  Dathenat ica l ly  conbtn ing thed.

Flgure 7 -  The f lode1 formulated by Dr.  Halp in was based on the prenlse
that  the expected nunber of  b i rdst r ikes can be predlcted and thar  damaae
lr l l l  resut t  when the k inet ic  energy f ron a b i rdst r ike is  greater  than sone
cr l t ica l  tevel .  I t  ras assuned that  a veloc i ty  d is t r ibut ion for  the a i r -
craf t  and 'e ight  d is t r ibut ion for  the b i rds could be conbined ro predicr  a
probabi l i ty  d ls t r lbut lon for  k inet ic  energy.  By assuning lhat  the abi l l ty
of  any g iven windshietd systern to defeat  a b i rdst r ike is  essent ia l ty  re lated
to impact  k inet ic  energy and impact  locat ion,  we can ldent l fy  the proport ion
of  the { indshi€ ld systen which wi l l  be daraased as a funct lon of  b i rdst r ike
ktnet lc  energy 1eve1.  Mathemat ica l ly  conbln lng the k inet ic  energy prob-
abi f i ty  d is t r ibut ton wi th the cr i t ica l  s t rength leve1 d is t r ibut ion v i l l
produce the probabi l i ty  of  danage due to a s ingle b i rdst r lke.  combin ing
the expected nunber v i th  the probabi l l ty  of  daoage y ie lds the expected
nunber of  damaging b i rdst r lkes.

I igur :e 8 -  Let 's  lake a br ief  exaninat ion of  how these terns can be
quant i f ied.  The f l rs t  one is  the expected nunber of  s t r ikes.  The equat ion
is  not  new to those of  you who have worked wi th th is  problen.  D represents
the bt rds per  uni t  vo lune through vhich the a i rcraf t  is  f ly ing and AVT
represents rhe volurne sn,ept  by the cornponent  of  concern.  I r  is  inpor tant
to note that  in  conpul ing lhe values tor  these terns,  there is  a necessi ty
to g ive ser : ious at tenEion ro the envi ronnent  of  concen.  I r  nusr  be re le-
vant  to  the speci f ic  problem being addressed and must  be comon for  each
of  the terns.  The expected nunber of  danaging b i rdst r ikes,  as opposed to
lhe expected number of  s t r ikes,  is  then the expected nunber of  s t r ikes
t i ines the probabi l i ly  that  any one st r ike v i1 l  resul t  in  daMge.  The prob-
abl l i ty  of  a b i rdst r ike causing danage is  obta lned by an in tegrat ion \ rh ich
considers the probabi l i ty  thac a speci f ic  k lnet ic  energy w111 occur ,  and
t \ e  p r o b r b i l i t y  t h a r  d a r a g e  L i  I  I  o c c u r  r r  t h  , L  k j n e t i c  e r e r g y .

Figute 9 -  I t  is  th is  comJrucat ion of  the probabi l i ty  of  danage shlch
represents Dr.  Halp in 's  major  contr ibur ion.  l " l3rhenar ica l ly ,  th is  tern
re lates the probabi l i ty  that  a speci f ic  KE IJ i l I  occur  and the probabi l i ty
that  danage w111 resul t  a t  th is  KE.  I t  conblnes the b i rd welght  d isr r i -
but lon,  f (w) ,  the inpact  ve loc l ry  d is t r ibut ion,  f (v) ,  and determines rhe
probabi l i ty  that  the resul t tng k inet ic  energy wi l l  exceed the cr i t ica l
value necessary to resul t  in  darnage.

Figure 10 -  Let 's  now take a look at  how th is  technlque was appl ied
to 3 s i tuat ion vhich would seeD iepresentacive of  the necessi ty  to assess
the r isk of  b i rdst r ike damage.  lde have an ex isr inA a i rcraf t  vhere miss ion
prof i les are betng rev ised to inprove low-al t i tude prof ic iency.  Those
r:esPonsib le fo!  f l ight  safety were concerned wi th the inc.ease in b i rd-
st r ike r isk due to the increased lov-a l t i tude f ly ing t ime.  Infornat ion
\ tas needed which they could use in consider ing both the ef fects of  addi t ional
f l ight  t ine in  the b i rdst r ike envi roomenr and the ef fects of  improving
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r tndshleld systen blrdstr lke resistance'  In short '  what is the blrdstt ike

,f"t to ttl. crev and lhe aiicraft due to increased lo\t_allitude flight tlne'

ana vtrat noart icat ions of the windshield svsten would be required to reduce

thls ! lsk,

Ftsure 11 - We krow that there are four faclors required to use the

orol . i i i " . i "  upp.ouch: Ebe expected number of birdstr ikes'  the blrd ueisht

i i " i i i t " i r ." ,  i i re werocrrv of impact distr ibut ion and the $indshleld svsten

". ."" ; i r '  ar" i ' r t " . ron. Let 's take a br ief  look at hor values were conputed

for these four Para0etels '

f isure 12 - Faclor 1, Expecteal i {unber of Birdstr tkes'  Birdstr lke

..- tF"t  ,ni"  speclf ic alraraft  were on hand so these were used arong

"i i i -"p.r . i r .""r  records of veloci tv bv al t i rude band to establ ish the

expectea ntort ter of  birdstr lkes pe! 100,000 f l lght hours --The equat ion

; i i ; ; ;  i ; - ; ; ; "  . t  . " . ."e.  veiocl tv and per:centas€ or r11sht t ime below

i.OOO:.* so that i t  coulJ be used lo consider the effects of increased

low-alt i tude loisslons.

Fieure 13 - Iactor 2, Bird Weight Discr ibut ion'  Birdscl lke.re'otds

fo. .Ei f"p." l f l "  alrcraft  were aaain used in esEabl lshing the bird reight

aist t i t " t ion character is l ics .  rhe records shoq a sPecif tc quanl i tv of

blrdstr ikes occurr ing over a peraod of t ine'  A certain pe'centage of this

ouant l tv was ldent l f table as to tvpe of bird '  This racio of ident i f lable

i ; ; - ; " ; h " ;  a s s u m e i l  t o  e x i s t  f o r  t h e  e n t i r e  q u a n r i t v '  B i r d  $ e i g h t

; ;" ; ; ;  ; ; ; ;  " ."  "" .a co esrabl ish the welghr dlstr ibut ion'  rhe r€surt lna

""*ririi""-Jt".rrt"tion curve for rhis biril !,,elshr is as shown in the fisure.

Fieure 14 - Iaclor 3,  Veloci ty Distr ibul lon oPeraEional records

tor t t 'Tf ipeci f lc alrcraft  were used Eo esrabl ish the rePresentat iwe cumu-

lattve velocl tv dlst t lbut lon pxof i le shown in lhe f igure'  The equat ion

i .r  t t .  "" ." .  a11ows considerat ion of the effects on the overal l  distr i -

irif." ar'.."gt' increasing the quantitv of lo\t-altitude flighls'

Fieure 15 - Iaclot 4,  strength Distr ibut ion'  Based-on pr ior birdstr lke

t""t iff i-t tnr" "i.. i" i. ir"J"r'r!rd svsEem, a strensth discribution plofi le

"""  * ip"*a by assunlng thal  fal tures vere representat ive ot tairure

r.-" tiit.tf" .rle.gy f".'"f. Based on current \tindshield svsten sEate-of-the-

. .a,  i "" f"ai"g operat ionaf considerat lons such as cosl '  weight '  and wisi-

i r i i ty,  "  *r i* ' . r  possible design nodif icar ions were eslabl ished' strength

dlstr i lut lon prof i les for t f rese svsce'  nodlf icaEions uere est inated as sho! 'n '

Noo that s l l  four iactors are rnat ienat ical ly def ined'  1et 's see v'hat the

technlque predlcted.

l lsure 16 - Predicted windshleld systen birdstt lke penetrat ldns for

u r.offiroa ".. "r'.*-. Note thal thele are four different wersions

"f  . r" l , io"" l  the exist ing nlssion, ani l  lhe exist ing nission with, lul t iP1e

i"" i . t "" ."  ; f  lo\r-al t l tuAe f l ight; '  Note also that thele ate 4 dJfferent

r" i" i """  " t  lhe windshield svsteo; the exist inB svsten and.then 3 oodlf i -

cat ions of that o. lst lng systeE' Since I  hawent t  presented you with the

e x a c t n u ! $ e r s g h i c h \ ' e r e u s e d h a P p l y i n g t h e t e c h n l q u e t h e s p e c i f i c n u n b e r s
have 1ltt1e oeanlng to you other ti1u"- tftut tnty shos trends and the significant



inprovenents at ta inable through any one of  the sysren nodi f icat ions.  DesiAn
o t E i o n s  w h l c h  w i l l  a l l o u  i n p L e m e n L a t i o n  o f  a n y  o n e  o r  t l e  n o a i l t . a t i o n s  a r e
current ly  being pursued.  F inal  se lect ion o i ]1 be nade b!  about  mid-1980.

Figure 17 -  But  hoq real is t ic  are rhese predicr ions? A predicr ion
technique such as th is  produces resul ts  which are only as real is t lc  as
are the inputs.  ExaDining roode1 sensi l iv i ty  ro lnputs reveated tha!  resul rs
can vary qui te s igni f icanr ly .  The approach used to get  a measure of  hov
real is t ic  were the predicr ions,  r ras ro rake a backl rard g lance ar  how,e11
th is  model  would have predict€d losses over  a ren-year  per iod ending u i rh
the current  per iod.  These loss predlcr ions could then be compared wirh
the actual  losses and hopefu l ly  rhe resul ts  would indicare sorne deAree
of  real isn berween nodel  and acrual  resul ts .  F l ight  recor :ds for  rne ren-
year  per iod for  th is  speci f ic  a i rcraf t  revealed rhar  the canopy exper ienced
17 b i rdst r ikes r i rh roughly 6-8 of  rhese being recorded as , ' fa i lures. , '

The Findshie ld exper ienced 29 b i rdst r ikes n i th roughly 1-2 of  rhese being
recorded as " fa i lures.r '  The " fa i lures"  were representat ive of  Denerrat ion
or  s ignl f icant  f racture and parr ia l  loss of  a por t ton of  the canopy.
Resuf t ing probabi l i r ies of  fa i lure were as shor"{ r  on the f igure.  Apply ing
the probib l l is t ic  rechnique for  rhe sane r ine per iod resul ted in  a p!e_
dicted probabi l i ty  of  fa i lure as shom. The corre lar ion between the actual
and the predicted qas rarher  reassurang.

FiCgg lq -  Ue have a r isk assessnenr technique which is  avai tabte
for  use in  rhe conr inuing b i rd wa!  bar t le .  The technique is  sensi t ive
to b i rd densi ty ,  b i rd re lghr ,  inpac!  vetoc l ty ,  and inpact  area st rength
dist r ibut ions,  This sensi t iwi ry  has borh negat ive and posi t ive inpt lca-
t ions.  On the negar ive s lde i r  pern i ts  e i rher  acc identa l  or  inrent ional
b ias to d is tor t  the resul rs .  On rhe posi r ive s ide i r  pernr i ts  considerat ion
of  speci f ic  a l terat ions to the inpur  dara and rhus,  at lows recoAnl t ton ot
the overal l  problen conplex l ry .  The abi t i ry  ro der ive Ehe prerequis i te
dis t r ibut ions f ron operal ional  dara inproves conf ldence in the resulEing
r isk assessnent  as rhese d is t r ibut ions,  i f  se lected v i th  cale,  can r ru ly
represent  the speci f lc  operar ional  enwironnent  of  conceh.  Appl icaEaons
where a l l  fou i  d is t r ibut ions nusr  be hyporhesized,  such as fo i  a  new ai rcraf t
in  a nev ro le,  rhus inwolve the h ighest  r isk of  inproper in terpretar ion
of  resul ts .  Appl icat ions involv lne tower r lsk in  in terprer ing the resutrs
are those where fever  d is t r ibut ions nusr  be hyporhesized,  as opposed ro
der ived f ron operat ional  data.  For  exaDple,  chansing operat ing locar lons
wi th a g iven a i rcraf !  and n iss ion prof i le  or  changins n iss ion prof i le
wi thout  changing a i rcraf t  or  operat ing locar ion.  Inwest isat ions have shoLn
r \ a t  t h e  s e n s i '  i v i L y  o f  t h e  ' F . n n i q u o  c a n  b e  r e d u c e d .  i f  ; e s i r e d ,  r h r o L s h
future 'nodel  developnenrs,  Unr i t  such i levelopnent  is  acconpl ish;d,  hovever,
i t  is  fe l t  that  the technlque does hawe current  appl icar lon provid ing
real ls t ic  d isr r ibut ions for  rhe, :our  factors are establ is t red-represenrrng
a comon operar ionsl  envi ronnent  of  concern.

BACKUP FIGURES

A. Character isr ic  d isr r ibut ion shapes.  Weighr  and veloc i ty
but lon are of  rhe l , Ie lbuf l  typei  s t r :enarh d lsr r ibur ion is  of  1 in€ar

d i s t r i -

B. Conputar ion of  probabi l i ry  densi ty  funcr ion of  impact ing k inet ic
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