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BIRD STRIKE COMMITTEE EUROPL 1,

17th MEETING, ROME, OCTOBER 1984

STRUCTURES WORKING GRODP

MANUAL FOR THE DESIGN OF BIRD IMPECT
RFSISTANT STRUCTURES AND TRANSPARENCIES

. F. OICHARDS

Tne accompanying Peper is a copy of the Introduction to the Verious Parts
of the Mznual for the Design of Bird Impact Resistant Structures and
Traneparencies, This provides a useful summary of the orig:ins =nd scobe
of the material contained therein and describes the intended means of

N circulation of the manual.
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BIRD STRIKE COMMITIEE EUROPE

MANUAL FOR THE DESIGH OF BIRD THPACT
RESISTANT STRUCTURES AND TRANSPARENCIES

1. FOREWORD
The attached document is eors of the Tolloving Pertc of this Manual

1. "Manusl de resistance des structuresaux impacts d'oisesux" -

Perts I and TI
Published by Avions Marcel Dassauit-Breguet Aviation: DTE-6175/81

2. "Bird Strike Design Manual®

Published by British Aerospace - Aircraft Group: GER/Bhk/30210

These Documents were prepared under separate contracts to the French and
British Governments with the same aim of satisfying the need of Industry

for such information.

The Structures Working Group of the Bird Strike Committee Furope were
made aware that thie work would elao satisly one of the principal ains
of the Group which is

"to assist national erganisatione in the production of

design guidance material for bird impact resistant structures",

A R b g T e

The French and British Governments are in agreement that free acecess

to this design guidance material would be of mutual benefit to
Eanufacturers, Authorities and public alike in promoting the design
of bird impact resistant structures.
- ™hus, it has been sgreed that a limited number of the copies of the
total Manual would be made availsble through BSCE to those participating
;.-civil airworthiness authorities whe have Cesign and menufacturing industries
'5_uithin their control. This would
f-Authoritiea would have the respo

© the Manual to their Industry on
Manual in their charpe.

be on the vnderstanding that these
ﬁsibility of bringing the contents of

& free user basis, while Keeping the
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2.1 French Manuai

Title and reference "Manuel ge résistance des Structures aux impacts
d'oizeaux" LMD-Ba DTM-6175/81.

The French manual is crganized in five chapters vhich can be indepen-
dently developed.

with the bird impact resistance.

The fifth one is 2 collection of general information about regulations,
test facilities, birds and bird impact statistics.

Each chapter contains irs own bibliography.

2.1.)1. Leading edge resistance

~ Determination of the Fart of the wass of the birg involved
in the leading edge impact, ‘

- Formulas giving the limit velocity of Penetration (CEAT.RAE).

~ Kinetic €nergy criteria for destruction and for absence of
penetration into the leading edge. ‘

= Analysis of results of test conducted in CEAT on corvette type
leading edges and aircraft components.

= Instructions for yse of this kinetic energy criteria,

~ Mathematical tools for this use, -

2.1.2. Structuraj resistance against oblique bird impacc

~ Methodology for 4nalysis of the test Tesults,

= Elementary theory giving kinetic energy, forces and motion
of the bird after the impact,

= Structural resistance :
-Tests analysed ; aircraft components - CEAT's plates
-Type of destructions observed
-Laws giving l
Energy for piercing skin
Energy for peeling of skip
Energy for destruction of structure by lateral action

Energy for destruction in the plane of webs,
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e =4z iﬁ@e
- obmviunaf the bisd sfter the mpacy
Bloviibusion =7 (he aass of Livd - Tve jectory -« Destructions -
bvergetic Schwduls of the choztiug
imstructicns row use of tost wenvins
Coilk Tmpanl wesietonne of ’1qnspa~'s ies
.ﬁé = Compilation of ubhe tos. ;usulu: : Iist of references.
d
o = hodes of struciural atpones
= Anelyiical inwastlgstioas
= Experiventad investizsiions {glses panels, zerviics, pelycarbonates)
The Llaxsificaving o this chapter is based on the general
formelas @f Poullaln Clamagizand type covpling.
Piercfug.xtiacity and thickness @
Crh <3 i casuxit,;
The  rasulis sre divided in Evo parns i
+) Those vhich agree iyl ths geveral law, evern 1f it is under a
frgepevalad fovo.
2} These which do net 2zree wirh tnis law (test resules of
Rengas and Figwaun, RAE, Mao Waughton and Perfecr.) - :
Negign techniquer of cyanspar=pbey compohnents including
Waterizl chavsotevisuics
Windshie’d thickuess
o Fdge member design
f Effect ¢f panel size ¢nd conktouy
e
ﬁ? Trensparency thickness =
él Job.é Bive ‘mpact forces and pressures
: - Eavliest works of Hac Auley 2nd J. Mitchell
~ Review of bird iwpact loading investigations
by Flight Dynawlcs Labovatory at Wright Patterson Alr Force Base,
=~ Yydrodynamic theory of soft bodies
: initial impact {Hugouiot pressuve)
? steady flow
Equation of state of the material
. {influence ef the porosityd
-; Boundaries o¢f the theory.
¥ Expervimental results on righd targets
fi Effects of moewm rigid tavgens
L - Computer code for eslewlstion of nrzssures ip steady flow.
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2.1.5 General Informations

~ Regulations {engines excluded)

= Bird impact test facilities at CEAT
~ The birds :

Classification according to their mass

Bird impact statisties and bird strike reporting system

(operational dara collection)

Multi-language list of birdnames
- Bird strike probability wodel

2.1.6 Up-dating and extension

The maln areas envisaged for up-dating and extension are -

- The use, in the Pneumatic gun tests, of frozen birds recently

thawed instead of birds just killed.

~ The comparison of test results between wild birds ("Gulls") ard
domestic birds {Chickens).
- Composite material structures, including leading edges : epoxy
resin impregnated glass fibre fabrics or aramid fitge fabrices,
Test results on monolithic and multilayer shells including Nida.
~ Properties of aluminiumg alloys at great velocity ?f deformation,

- Shock absorber materials.

~ Detailed information given on all French facilities for impact
testing,

= Information on Computer code available in France and concerning
the impact of a sofy body (bird) onm an elastic target using a finite element
analysis giving a chronological dynamic description of the flow and pressures

in the bird, and the motion, stresses and deformation of the impacted
SCTuUCtyre,
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mapiricel equations for these peterials are presented, the limitations of which
cre bighlighted, '

"he loading €quations, presented in chapter 3, are utilized ip order to predict

sentre panel woments thus, knowing the failirg etress, the pPanel thickness can
je eatculsted, g : . )

"he MAGNA finite clement Program is revieved end a discussior on its possible
wpplications is presented, : - . .

Nurther Desigm Considerations: The Purpose of thie chapter is to present
(nformation that will reduce siructural damage resulting frono birdstrike, fma
smapter considers.-both structure and transparencies, Design features which will
nesease birdstrike resistance are presented,

‘estine Fecilities: 4 general outline of the test msthods for eiculating ap
.2fligat bird impact is given, The smooth bore camp:essed'airgun is

1sed test method and a detailed descriptior is presented. Other factors guch as
tontrpl of bird orientatior, accuracy of velociiy measurepent are disc

ussed with a
riew of increasing confidence inm test results. Details of the tess Tacilities”
weilable ¢p tne UK &re presented,

perational Data Collecticn: The object of this chapter is to highlight the
perational information required to develop methods of reducing the strike hazard
meredby inereasing safety and reducing the cost of ownership of future aircraft

Ehliozrabhx: The main reperts used in the preparation of this marual have been
fszarised and are included irn this chapter. A list of references gives details
#f those used in the Preparation of the rwanual and mlse includes refer
Rthough hove pot been used, mey prove to be of use to those
$rsue u particulsr topic.

? rther Work

ences which,
readers wko wish to

d on test and experimental evidence accuwmulated over the past

It is essential that the vapusel is extended znd opdated at
S &S pew information becomes available:. Also the ctozpendium hag
ddditional test evidence is required. :

The pain eress for wpdating are:

-+ Birdstrive statistics ‘ ' )
e :b?bli‘_’zraphy : ‘

: Eﬁt::ntQSt data is required to give increased confidence in the current design

ction). to provide a basis for design Vhere nore currently exists (see pext
TEPRIe This test data can be acquired from various sources including:

s tests on new ang current aircraft,
.go d' test gat, being made evailable

¢ Tesearch anpg development programmes for rerticular cogpenents
Loedyac - )

K fron inservice eirersft, wi i gel
d T r ¥ ith associeted effect of agei ot
Rea-meta)iyc zaterials, ‘ ' S TeRRe

the mest widely



3. LIST oF CONTERTS WITH CROSS REFERENCES TO BOTH MANUALS

———

Thie list roughly follows the general plan of the British manyal
Abbreviarions

F.M. (Frenmch manual} « Manyel de résistance deg structyres aux impacts
d’viseaux, .

below),
3.1 The birg strike probleg

3.1.1 Background to the bird strike problem

F.M, ot Covered

3.1.2 Reducing the bird strike hazard
—_— —

List of the varioys methods currently employed, other than those
applicable to aircrafe design,

U.K.M - chapter 1,3 P-9 and chapter 8 5,295
F.M. Not covered

For more detaijs the reader can refer to the working groupsof the

BSCE which are : {in alphabetical order) :

H.G "Aerodrome"(Study of scientific experiments to drive birds out of
the airfields apg Procedures to reduce the bird strike
risk).

W.G "Analysig" (Analysis of pipg strike reports)

G "Bird movement"” (gird concentrations and Maps of migrations)
¥.C "Communicatjeq and Flight Procedureg" (Flight Instructions for
Pllots to avoid birg strike - Inquiry into @pplications ang
efficiency)
W.G "Radar apg other sensors" (Migration watching by radar or other
Teans - European collaberation).

(The lage working prou bein "structural testing of airframes").
g g P g g
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3.1.3 Bird srrike statistics

Caly civil gircrafe staiistice are publivhed.
F.M. Part 5 chapter 3, ¥ 2.24 o 5, 39

U.K.M. chapter 2 Be 12 te 48

~Statistical references Bibliography

FM. Part 5§ 3,11 p.5.94
{BSCE Working Paper and STIRAS 4N Statistics}

U.K.M. chapter 7 Pubi~t8& ang chapter 8 p.2232-98% {Cht Yechnics noies)

~Classificarion of bipg wasses
F.Mo Pare 5§ 3.2 5.5,z
U.K.M. Not covereg

—Strikes versus altitude
F.M. Part 5 ¢ 3.13{a) 7abie ; 5.27
U.K.M. chapter 2.3.2 ped3
=Strikes versus flight phase

- F.M. Part 5§ 3,43 Taktie J

§.5.28, 5,20
U.X.K., Nor covered

-Strikes versus bird masseg classification .

F.M. Parrc s § 3.13(p) Table 3 P-5.30 te 5,23
U.K.M. Hot coveread

=Impact position on aircraft

F.M. Part 5 § 3.13(c)  Table 4 Pp.S.34 to 5.37
- U.KUM, chapter 2.3.2 p.38
—Annual strike rate

F.M. Part 5§ ¢ 3.13(d} p.5.37

R T I

o

% U.K.M. chapter 2.3.2 p. 34
% ~Bird strike rate each month
:% U.X.M, chapter 2.3.2 P.34
@ F.M. Not covered

~Birg species srryck each ponth
- U.R.M.

Fo“-

w

chapter 2.3.3 B. 35
Not covered

_:fBird $trike by aircraft type
U.R.M, chapter 2.3.2

p.36-37
F.M.

Not Covered

chapter 2.3.3 p.38-39

: F.u, (The Publisheg Statistics include Light airerafte),
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PAGE

2.1.& Data coliection for bird strike incidents and probability models

¥.i. Parc 5 chapter 3.1.4 p.5.38
{Infovmation for IBIS : ICAQ Bird strike information system)
U.K.H. chapter ¥ p.-270 -~ 273

3.1.5 Bird strike probability models

F.M. Part 5 chapter &4 p-5.43 tae 5.52
U.K.M. chapter 2.4 p.40 to 46

The probability models explained in the two manuals results from
USAF works and may apply to all cases. However the application to civil
airceraft structures is difficult because the bird density in space necessary
for calcularions is nct well known.
The F.HM. {(part 5 chapter 5 § 4.3) gives the laws of distribution of the bird
wmasses, obtained fromw AFWAL TR 803003, and a method to re-enter into the model

with the various statistical results published.

3.1.6 Multi-language list of bird names

F.M. Part 5 chaprter 3.2 pages 5.40 to 42.
U.EK.M. §yotr covered

The BSCE wmulti-~language list of bird names contains the. bird
species involved in bird strikes during the last years, with their

Dean mass and category.

The list of ICAQ is more extensive but the mean weights are not
indicated.

For the European reader the Council Directive of 2 April 1979

on the conservation of wild birds, ref 79/409/EEC, gives the list
of protected bird species.

Y B




3.2 Regulations

The French manual gives (Part 5 chapter | pages 5-3 to 510} the rext
of the bird impact regulations applicable to civil and french military

aireraft and a summary of the U.S. requiremencs coucerning the windshield
and canopy systems.

These requirements comcern only the structural poiat of view.

~ The UK Hauual glves a summary of the requ;rements appllcable tcj
structure (chapter &, 2 P. 77), to transparencles (chapter i.b.3, p E&O)
and, in chapter 5.2 p 194, a general view of the damage tolerance of the
vaireraft with regard to birdstrike, with conSLderatlon te the systems

1nc1ud1ng externally mounted ‘equipnient (chapter 5. 3.7 P 205)
But the conditions for residual strength of the surreunding structure

4re more severe than those of the regularions.

Listed below are the references of regulations applicable to civil
azrcraft.

" a) Evropean regulations JAR 25

Structure JAR 25.571 e (1) .
JAR 25.631 and ACJ 25.63) )
Residual strength
ACJ 25.571(a) paragraph 2.7.2 {a) and (b}

ACJ 25.571(b)

Wi .
lndshleldsJAR 25.775(b) and (c)

Systems = JaRp 25.1309 & (1) and ACY 25.1309

b) FAA regulations (Part 25)

‘Structure 25.571 e (1)
(Empennage-structure) 25.631 (8 pound bird)

Residual strength : Notes FAs ANWL12 : 8040-1-25.571/631

and Memorandum of ANW 110 Letter of December 29,1980,

Hlnd h d
telds 5. 775(b) and (o)

SYStems 25,1309 d-1

¢) For Inforration : En
nte

JAR E Q-3-

gines regulations

4 paragraph 20 page 12

(in French AIR 001 3-4 paragraph 20 page 13)

FAR Part 37 . 33.77 (a) and (f).
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: 3.3 Birg impacg loading
. W—-__--""—“‘-—-___"
F.H.

Part ¢ Pages 4~} po 4-110 _
UE.K. chapter 3 pages 4% o 74 and chaprey ¢ Peges 30C to 3p;.

3.3.1 Bira wodelling

U.R. b, Shanter

S ¢ Parg & chapter 3.3.6. 4, P.4%4.73 ~ 75

2.2, Pages 15 o 17
n

F.M. Leading edges Pare | chapter 3 page 13

Oblique impact op stru
Works of M. G4 mae

F.M. Parr 4 chapter 3 Pages 4-12 ;o 4-110

- chapter 3.4 Pages 57 to 74

3.3.3.1 References
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Planation of the forg of Pressure
fecording in birq impace op 2 rigid target

Part 4 chapter 3-2 Pages 4-

13 4-35
U.K.M, Chapter 3.4.1

s 3.4.2 P2ges 58 to g5

(%]
tw

3.3 Hydrodynamic_:heqrylof gofr bedy impece
: oy Lt s . hoE
TN,

ATt 4 chapraey

33 pegen 41p to 4,84
uemary b 308 - 315,
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The F.M. gives a complete development of this thecry :

—Initial impact : the shock (Hugoniot Yressure) end the el
(p. 4.19 to 4.29)

LASG WVEVEX

~Influence of special featuies : yaw of the projectile = curvaturs

of the projectile at the impact point. .
Obligue impact ~ Elasticity of che target material (p 2,30 ta 4.38)
=Steady flow
Subsonic and supersonic flow in normal dmpact (p.4.39 Lo 4,67}
Steady flow in oblique impact (p.4.48 Lo 4.58)
~The termination of impact {p. &.59)

~The state equations or characteristic equations of the bird

including : shock compression p. 4. B0

isentropic compression p.%.53

porosity effects p.4. 65
wmaterial properties p.4. 73 .
-Boundaries of the theory p.4.§2

3.3.3.4 Experimental results : Impact on rigid targets

F.M. Part 4 chapter 3~4 pages 4.85 tc 4.92
U.K.M. see chapter 8 pages 300 - 301

i ' ' This paragraph applies to experimental investigations on
’* Inltial-impact Préssure ~ steady flow pressure - Duration of impact -
Bird impact force - Timge profile.

3.3.3.5 Effect of the target compliance

F.M. Part 4 chapter 3.5 pages 4.93 to 4.106
iBC1udiug locally rigid target pages 4.95 to 4.103
locally flexible target pages 4.103 to 4.106

U.K. M. see chapter 2 paragraph 3.4.4. pages 68 - 71

chapter 8 pages 302 -303.
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3.2.3.6. Computer code to evaluate the pressure distributions in steady

L flow for the bird impact on a rigid target

F.#. Part & chapter 3.6 pages 4.107 to 4.110
UKo M. Buv 2nvered

34 Structural design informatien

.41, Leading edge structures

2411, Determination of the part of the mass of the bird invelved in

the leading edge impact

F.H. Part | para,2 pages [.5 to 1,14
U.K.M. Not covered

3<4.1.2. Resistance of the leading edges

The two manuals cover only conventional metallic structures

~ Bird Penetration speed : Emperical formulae

RaE formula + F.M. Part | chapter 4.2.1. pages 1.16 to 1.17
' U.K.M. chapter 4.3.2, pages 81, to 103

iff CEAT formula : F.M. Parc | para.4.2.2. page 1.18 °
U.K.M. chapter 4.3.2. fig 4.9 page 98
The two manuals give : the limitations for use of these formulae
the effects of various design parameters and the effect of dlfferents

L.E. skin materials,

“ Kinetic energy criteria for destruction and for absence

cf penetration intc the leading edge

U.K.M. Not covered
F.M. Part | chapter 4.3 page 1.19 to 1.54
Sumnary of items of the french manual

2} The two types of L.E. destructions chap+4.3.1 page 1,19
to 1.27

b) Principles for analysis of test results with bird Penetration
1%' chapter 4.3.2. page 1.28




different -

o B3

¢) Numerical values of the kinetc epergy criteria for L.E.
destruction and for absence of renetratiou
These values result from gualysle of French snd British
tests and can be applied to L.E. with splitter plates
(F.M. page 1.34 - U.R.K. page 202

d} Luitriuctions for use of these eriteria
chapter 4.4 page [.65 (o 1.48

¢) Mathemaiical tools

chapter 4.5 page 1.49 ¢o .44

This éhapter gives the geometrical means to compule the
intersection between the leading edge skia and the ¢ylindey circums=
cribed to the bird. For the skin, the cases 6f c¢ylindrical and straight

lines generated surfaces are cousidered,

- Additional information for the design

- wings : U.K.N. chapter 5.3.Z. pages 195 ~ 199

T empennage : U.K.M. chapter 5.3.3. page 199 - 702

F.M. : the structural point of view is ircluded iu pert I,
Considerations for certificazion of the eystems ars not

coverad.

3.4.2. Resistance of metallic structures in oblique bird impecw

F.M. part 2 page2.1 to 2.25
U.K.M. chapter 4 page 104 to 135

chapter 5 page 202 to 204
On this subjecr, the Frenck and British wanuals are gquite
while the British manuxl toncentrates on speed of penetraticn,
the French manual considers the overall concept of energy dissipation
"ith_Progressive speed/energy loss after rupture of the structure skin,

The items of the two mavuals sre dealt vith separately.
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3.4.2,1. U.X. Manual

R i S

~ Flat panels : chapter 4.3.3. pages 104~117
speed of penetration pages 105-106
effect of various design parameters pages 107~
111
comparison with test data pages 112-116
= Curved panels (concave) chapter4,3.4pages 117-122
speed of penetration pages 118-120

comparison with test data pages 121-122

'E: Alr intakes chapter 4.3.5. pages 123-127 and chapter5.3.4 pages
i 202-203
Front fuselage chapter 4.3.6. pages [28-133

,f; = Canopy roof structurechapter 4 3.7 pages 133-135 and chapter 5.3.5
pages 203-204
= Systems fairing chapter4.3.8page 136

3.4.2.2. French Manual (Part 2)

'y ~ Introduction chapter | papes 2-3

- Methed of analysis of impact test results {chapter 2 pages 2-5
to 2-48)

Including :

2) Assumptions (§ z-) pages 2.6, 2.7)
Bird impact test conditions at CEAT ~ Bird Kinetic energy

distribution ~ The mechanical effects of the impact result

from the normal component of the Bird Einetic energy.
b} Utilization of the concept of energy (§2.2 pages 2.8 to
2.23)
~ Braluation of bird kinpetic enexrgy affecting a surface
- Remaining kinetic energy after absorption of the normal
component of the initial kinetic energy
- Effect of the scale on the test results
b ¢} The concep; of forces during the impact (§ 2.3 pages 2.24&
[ to 2.39) _
- Elementary evaluation of the bird impact forces

- Bird like a fluid. Pressures in a shock on a plane or

a spherical -surface (convex and concave)

b ~ Use of this concept of force for deriving energy

N
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d) Analysis of the bird wotion after impact (§ %.¢ pages 2,40,
2.48)
Presentation of problems = CEAT oblique jmpact test on
ftiffened paneie - The problem of the determinztion of the
Temaining masses - Energy schedule.
= Resistance of the structures in eblique tmpact{chapter 3
Pages 2.49 to 2.106)

Laws for deriving energy for

Es = - - -,
T PieTcing skins (§ 3.3} Pages Z.74, 2.101)
(tests on convex surfaces -~ ¢oncave surfaces {air intakes)
test on plates)
3.5

- Peeling of skins {§ 3.3.2, Pages Z.102, 2.105)
= Destruction of stringers (§ 3.3.13, pages 2.i05 ang 2.106)
by lateral action and by direet impact in the plane of

the web

-~ Bird motion after impact (chapter 4 pages . 2.107 te 2,1:2)

- Evaluation of the_distribution of the blrd mass

; = Substantiation of rhe deviation of the bird path observed
after penetration

= The type of destructions versys the eNETgy schedule

= Instructions for use of the rest resulrs for the forecast of
T, .

Structure behaviour in cblique bird impact Lhapter Enpages
2.123 to 2.125)

3.4.3 Transp arency design

e

Transparency desipn based on testing is comprehensively covered

in both U.K. M. and F.M., with the latrer making particular ;se

21s0 of the ys “Guide Lines for the design of zircpafe Windshielg/
= Canopy systegg” (AFWAL-TR~80-3003)

The two Manuals are fully consistent

I

F.M. part 3 Pages 3.1 te %.70

U.KR.M, chapter &,4 Pages 13% to 192 and chapter 5.4 vages 207
to 227,

l.o‘;bhu
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~ Cases in which the results do not agree with the generél
formula (§ 4.3 page 3.43)
(works of Rangas ang Pigman ~of RAE- and of Mac Navghton
and Perfect)

~ Goodvear's bird strike tests (polycarbonate or streched
acrylics) (§ 4.4 page 3.51)

= Canopy design studies (§ 4.5 page 3.58) .

— Equivalent thickness for oulti-ply transparencies (§ 4.6
page 3.59) '

= Design technique summary

F.M. part 3 chapter 5 page 3.60 to 3,69
U.K.H. chapter 4 § 4.4.12 pages 181 to 188
chapter 5 § 5.4 pages 207 to 223
= Material properties
F.M. part 3 § 5.} page 3.60
U.K.M., § 4.4.12 page 18] gives configurations showing
typical impact resistance '
= W.ndshied thickness : Airframe (or test frame) -
rigidity and design
F.M. § 5. 2. J. page 3.6]
U.K.M. § 5.4.,4. page 210
Edge member attachments apng bolt broaching
F.M. § 5.2.2. - 5.9.3. pages 363 to 369
U.XK.M. § 5.4.4. pages 210 - 2172
~ Bird ingression problems
U.R.M. § 5 - 4.5 page 219"
F.¥. Not covered
-:Uindshield size and contour
F.M. § 5.3. page 3.69
U.K.M. § 5.4.3, page 208
- Enﬁironmental effects on plastic vindscreen materials
F.M. Not covered -
U.R.M. § 5.4.6. page 223
= transparency thickness sizing
F.M. § 5.4 page 3.70
U.K.M. § 4.5 page 187

S




5B PAGE -
£ _ The F 4. RO Es the pga of the Poullain~clamagirand formyla

" {h.e. suidelines ASWAL TR E0~-3003 &dopt the same PoOsition hecause

vhis Fforpuls ie Conservative,)

The Compurer code HAGKA, develop ed ap the University of Dayton

(Ohic) Research Institure in conjunction wigh the Flight Dynamics

Lahovat&f?L Mright Patterson AF.B., is intended g give efficienr

Felutions to ne,, :'near analysis of complex structyres, At the
present time, this code is applied to the studies of bird impaces on
CEDOPY systems of USAp fighters gg 4 post bird impact reg:

tnalysis tool. The coupling betveen birg lwpace forces zng

Pressures, and che large scaje deformations of the target is pop

Yet vealised. For thig Problem of Coupling, see Paragraph 2.1.¢

#bove (works ivitiated jip France),

Led
ol

t- Lomposite wmateria} Sfructure (Radome)
—

J K M. chapter 4ag Péges 136 - 13y and chapter 336 page 204
Foii. Rot ver covered hur envisaged jp the nesw telease of the F.M.

See zbove ¢ 2.1.6.

IO, Externzlly mounted equipment
. e
i F.¥., Nor covered {hy contract) '

v

VoRLH 5 53,7, Page 205 (see ajgg chapter 5. 2)

undercarriage, lightsS Pressure Probes, éntennas, drop Eanks
*¥stem fzirings.
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F.M, parv § chapter 2 Pages 5. 11 to 5.17

U.F.H, chapter § Péges 228 t¢ 269

ﬁ; ~ The main methods of bird impacy testing
[ o e 7TFF Testing
F? Sled testing U.k.M. § 6.3 page 23

i F.HM. Not toverad

!

Swonth bore Compressed ajr gun UK.HM, § 6.4 P2ges 233 ~ 253

F.M. sare 5 chapter 2 § 2.1 pages S5t -
517 |

including description of sabot, velocity MEASUTe. .0 and (only jip

U.E. Manual) factors sffecting the accuracy of results
" Bird impact test facilicies

U.R. Facilities U.R.M. § 6.8 Pages 256 - 267

[ I—

g ALY compressed gun o BAE : Filtop - Hatfield - Weybridge

Rolls Royee - Bristol - Bucknaiy
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i compiessed
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Rocket sled ar

Rocket gled ar

guns 2r [CEP fh:

EURE a2t (CEA/CRES

CEV Cazauxw

2 vest vaiidation program

= Cuide for
UK. M. chapter & & 5.7 pag
F.rl, Roe covered.
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