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the u6c of a iethoil of optioization ''i1l- help to find hou to 6pend a

iio.o.toont of money in resesich an'l induetriaL actions on 6t!r'ctu-re

ior higher seculity coBce$ing bird hazar'la'



H O I I  F U N D S  S H O U L D  B E  A L L O C A T E D

T O  S T R E N G H T E N  T H E  S T R U C T U R E  ?

:  The use of  a method of  opt in izat ion wi l l  he lp to f indhow to

2 -  Fund aLlocat ion should be decided accordinq to the foLlowlr

spend a g iven anount  of  noney in resea&h and industr ia l  act ions on st ructur

. ,  a r - 1 - d  b i r o  h o z q r o s .

A c t i o n s  i  1 -  T h e  l o c a t i o n  o f  s t r r k e s  o n  t h .  p l a n e  l h o u l d  b e  t e s t e d  i n

a b lowing-engine.



H O W

T O  S

A C L I O N S

kands fo r  d i f f . lenr

F U N D S  S  H O U  L D  B E  A I , L O C A T E D

T R  E N G H T E  N  T H E  5  T R U C T U R  E  ?

C E S B R O N  L A V A U  I J E N R  ]

O P E R A T  I  O N A L  R E S F A R C h  ' R O U T

on th.  s t ru. ture of

e f f e c t s .  T h r  s  p a p . r

ar  a l r . ra f l :  may be  o f . l i f fe r .n t

g i les  a  a . i :hod fo r  do in . r  L r :s r .

. j  6Lr i .k . ! ! '  .n  th.  e i . .Le

T h e  n u n  . r  o f  r . a 1  s t r i k . s  i s  t l o t o ,  L o . r i v . r  a  f r e | i : j r :

idea .  So an  ex .er ime i ra l  da t  i s  D. . jpos . . t .

A  s c a L . - m c d e l  o t  a  o i v . n  r v p e  o f  a j r . . r r i t  : s  . . :  i l

r  b lover - tunne l ,



The ai r  wi lL  f l_y a lonq the scale-model  Dnder aerodynasics

condi t ions.  The b i rd,  conslderad as a dea. i  body -  for  rhe pta. .  f l ier  jo

to 20 t lnes faster  -  wi l l  a tnosr  fot tow the a i r  fLow.

This wi lL  nak,-  h in avoid cer ta in Dar isof  the DLanc and

str ike others.  To have an evalDat ion ot  rhe probabi l  i ty  p.  of  s t r ik in !

par t  r ,  i t  is  proposed to in t roduce a scate nodeL of  a b i rd.  This c i  be

a l i t t le  p iece ofcot ton and to see wh.r re rhc pLan. ,  is  6t ruck.  
. i . t r - -  f igure

o f  t h . ' p l a n e  w i L l  h a l E  b e e n  d i v i d e d  i n  n  p a r t s  h o m o g . \ , c o u s  r e g a r d j n q . o s t

a n d  s a f e t y  c o n d i t r o n s  ( e . g .  w i n q s ,  c n g r n e s ,  a i r  l r a n e )  .



Then we can have lhe pro l ,abal i ty  
fd

for  par t  t  to  be

number of  "b i rds"  on par t  ,

fl -
. u r n b c r  ^ f  h  r d s  o n  r h e  p l a n e

To have d generaL value,  the Lest  wi l l  be donc scvcra l  t imes shootang the

I  i .  - i h

T \ e  p  d a .  n . 1  l a  : n  l r r f r r . . t s  p o s i - i  n -  - L . o r d ; r q  r o  h -  J  t f . r . .  e ' d q - s

2 - l!9b:ZLi_Li_!:t_!Le!. -s _"_:tq_h :!t L! -9q!2e'�4s\qse_

l . rhen a bird str ikes the plane on part  i ,  t t ic

r r . d  l h 6  s n o c k  _ a l s ^ -  o a n a S .  t r r l l  d ( o ^ . J  o n  t h e  p r o r  F c r ' o n

o r o b a b i l i t v . - .

t t = ,  u n b - ,  o t  s h o c k s  . d  i  q  d " r d g p  " .  ' |  -  p o .  +

nunbor of shocks on part t

T \ - c  - - L a L , i  ' - ' ,  I  f  d  L o s L  w i r h

F . rac  - \F  
fo rm shou ld

p l a n a  o n  d ]  i . h  h -  p i l o  w  
_ l  

r . ' \  l r  p  p l d c p

a "gun" towards a real  a i rp lane

of  the shock.  Wi th crosses

The probabi l i ty  of  a s t rake on par t  i  causes danaqe is  then 
Pr 

I  a- i .

q



I  -  ! 1 t ^  A t L ) n  1 ' l  Z n  L 1  ' r

Tbe cost  of  a danaq--  on r ,  is  d iv ided in two Parts .

The lechnacat  cost  C- .  incrudes the pr ice of  the new piece of

equipment  and the work to put  l t  on.

The comerc la l  cost  6. t , '  where e is  the loss due to a dav of

i m o b : l i z d L i o n  a n d  t . .  L h .  n r b - '  o r  d a y s  ^ f  ' m o b . l i T a t i o n .

so the cost  of  aanase on i  is  Cr  + Gt , ' .

Each value is  an average value.  The probabi l i ty  of  cost  du to a st r ike

on i is then ?i r ai r (Cr, * atrl .

A n d  L h o  a v p r a g c  c o s l  d u e  r o  s t r : k F  o n  d  I  o a r r s

I  f t ' t .  ( c  +o  t t ;
L

1 - titl!!!:s. -!!Je--L?s-!-s!:!se-s4-et1

What we want  is  to  have the min imum average cost .  ' Ihrs can

be done by havins h ish 
F,  

$Jhen q i , (Ci  + G! i )  is  ]ow,  which neans Qhen

the par t  ,  is  r . /e l1E protected ( low ar l  316 the cost  of  the p iece of

equipnent low (1o'  Ci) .  Anal to have row 
Pl 

when aj .  (C; + G'C;)

But i t  is  contradrctory to have sood protect ion (g, t )  for  low

c o s r  ( G l . ) .  A n d  r h i  i c  ! ? h y  u F ' l r

is  obta ined wi th a naxinuin anount  or

expenses in ' "searcrr  i ,  an. l  a  naxinu t r1 technical  cost  Ed.
t



Since the inorDvemerts i i .v .  l rc  b€r  oone c.  a l l  ' "he l t  a i rp ldn 's

. r  : h  ,  .  i c . r , .  , ,  - '  "  t E . .

!4axrnun rnean.  ne ' ie  t rLat  "nen i ,  + 16| ,  r ]uu 1"""  sPent  cn r r r r t  d ,

no b i r l  . r iLL cause any damage.  so mor, i  sPendinq cn par t  i  would not  bra. . l

to  a betr i -cr  prote. rL ion of  rh i .3  par t .  o therwi .se.  i t  can bc determined bv the

naxinun anount  t i la i  ar i  ddrn in lsLrar  idr  ?ou1.-1 accePt i :o  a l locar-e to P.1r i  l ,

i , n l  r o l r  f  , r r . l <

rare lv  obr ,a incd" So let  K.  and C.  be th. ,  rear

for  iesearch and industr ia l  act ions.  We hawe

K ; (  K l ,

Wc now nay re late the probabi l i ty  that  a 3hcck l t i  L l  do danage

to the dev- i  a t ion between the funds aLlocated and the naxinunr  usefu: l l

r l ' u c d '  n s .  X t  X i  1 r  d  C ,  -  O t

These naxima are

anDunt-s a l located to parL i

o <
a n d  o (

the n.rxinun or for according

the coeff i  c lents 1; , r ' . | 'yt

(c-r.q.)
- 4 ,

"ri. 
Ki +,rr t rC.

x.

o;

X;= 1; K; + 4!yi Ci



.  1 .  t x  x . )+hP  (c ,  - s )
rhe pr.hrln r3 L.Lei rr nr: !r. , . . , .  Z t,  (* _' 1 Jta,.cri)

under budgct consirahr3. 
\  

' i t r  rre the rorai  fnn.ts fcr r is€arch ar l , -r  Cl

the totd l  funds for  i idnstr iaL acr  L ins.

:' !a! t!.'!gL.:i- : ::::.::!.=..,:

r : !  nay id . i  i - , r  r ' f , ,  p i  eces. l  i r r j  fornr ta in  a s i iFr t ier  Ray,  i f  re

a&r i t  lhat  a brg enouqh anodnl  , f  fund i :  a l tocared i .  . :ach par t  1.

Ler  us sar , /  norc than hal f  o t  rh. :  naxinu K,  and G!

h th is  cdse,  r ,c  hdve Lh. ,  fo tLor ing approxjmar ion .

^ a. r i. - <'.1 + ̂ \ f , (4, - c")
?. -.1 = t . ( K. - <,; t .r,,g.(c-. - c")

s o  t h e  f r . o . l r a n  . f  a j L o c a i i o n  i s  r h e  s o l u t l o n  i n  t ,  a n d  C .

of  the fc l  lowing pr . rbtem

rrr i4r 
!  t , [ " , io-( .)  *  hy.(e -ci t {c;+Grt

o { ( ; ( K ;

o ( c;( c-;

I  K ;= K"

f c; . Cu,1

lo. ".4{ i
Gr{^+-.L cgl.r{o.r..i

F;h{...J oo.ahd*.6

1



C O N C L U S  I  O N

To convince rhe f inanciat  adnin is t rat ions of  a good use of

funds to reduce the tosses due ro b i rd hazards,  the a l locat lon can be

given af ler  prat ica l  resr ings by an opt imizat ion method.

Tl i is  nerhod n ' i l t  tea i l  ro  a compromise betv,een research and

industr . ia l  cost ,  depending on the par t  of  the a i rp lane.


