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1, FOREWORD

This report prese-

8t CEAT since 1878.

-

& the birc impact tests on airframes carried cut in France

These tests corcers mainly two investigation programs sponsoread by the

french S.T.P.A

- Investipgetion v bilrd dmpsoto o metallic flat plates with or without

f stiffeners, whi 0 iw 10 same as -~ v iLames.
- Investigetion of bBirdg impects o lecding edges.

The presented rosorts, 1llustratec Ly woion pictures of tests,are a continuation

tothe Working Fa,o. o nusher Y6 aca 57 publisted for the 13th BSCE 4n Bern and

W the intormatlon o foen Dy the wil~ o e wWorsing Group "structural testing

for the 14th Buic 1o 11 e aague.

After @ brief revizn ot the present DEAT test installastions, we will deal

with the results o1

- the & 1o Lirg ampaects on AUAGT 120-24) plates inclined on the bird trajectory

- the 8 1b birg impacts on the leading soge of Airous A 300 B tail plane.

Betweer these oo Lerios of teia, we wil.o present a particularly interesting

film sbout 4 1o v imwmacts oo Loe Lutble of the forward observer of the Breguet-

‘ Atlantic airpio:.

After eact et ot @0 o0 e il opresoot oa synthesis of the test results

 tbtainec .
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. BIRD IMPACT THE

TOITHSTALLAT LGNS T CEAT

veold e
Tne CEAY lAercnauticael test center in Toulouse) performs bird impact tests

3. BIRD
on aiframes by means of two

The 150mm bore gun permits carrying out impact tests witn birds of a mass 1 3.1
not exceeding 4 i (1.8 kgl at speeds up to 300 m/sec.
The 300mm pbore gun is used for & 1b bird impacts. ' Merc
to €
Each instellation is equipped witn a zefety well in order to stop the projeie
But the flat surface of the wall perpendiculer to the shoosting sxis sllows the &
possible projectile deflscticr trn De measured. ‘ ]
. 1 of 1
See fig. 1 150 mm gun .
tig. < 3G0 mm gun
3 skir
The bird velo is measured at the departure from the gun muzzle by a syilnliE
of photosliactric cells set on & cne meter interval baszis. f
_ ] thr
The bird is placed in 2 pachage maring up the "shsll”. :
] by
The sizes of these packages are shown tig.3. 3

For these packages the matsrials are

150 mm gur : Folystyrene foam

380 mm gun : Polyurethane foam

mat
For the 4 1b bird and 150 mm gun the patkages are stendardized whereas for
the B 1b wirds, the packages are adjusted to the bird species used. AML
These pechages are siripped from the tird before the bird impacts the target.
Tre shooting is a fest cinscamera (4000 fremes per second). 4 abi
Ai hgrixwutglly and vertisally graduated blackboard faces the cinecamera at
the oppno side with regavd t¢ the gun axis. a
his device sssociated with ¢ time base sither inside or outside the camera
allows raconstitution of the trajectories after impact in order to determine
the velccitiec: and thus the kinstic energy characteristics of the test.
o1
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L edoeo oo dorhing Peper n® 37 - 13th BSCE}.
P weir i bivwn
Ly aoced v the dmpect surtace,is the measurement
P bonezvend
i wierys 1s proportional to the thickness of the

et

LF L alitvame web affected by the shock.

it ot structure and with the bird flesh going
Cfledt o of ine bird trajectory can be evaluated

srnor mechanles thsory.

eopesinental investigation for 4 1b bird

lihe the airframe, and their

ceud (titeniwn alloyl.

. tt.a.ioois tu wevyiFy the various points of

. res s fmb-BA L have defined flat panels of
G i srin ihicknesses from 1 to 4 mm.

Z-shaped beams set

1w 150060,

Ll g

W dw o dnitmm o 30Lmm.

Looentloely the stringers and the frames
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The CEAT has built & variable slope SUPRort for the test panels and

the 150mm gun instellation has Gren completed Dy the safety wall.

This information was already supplieg by STEA
the 14th BSCFE,

to the Working Group of

Initially CEAT has built only Ai451 panels,

A first dmpact test campaign took

Before the ¥1im, ws want o indicate that thes cbligue impact tests on

stifferied pangls, shown at the and of the film, are actuelly the first opes

ever congustad,

These tests nave gilven unexpectsd resulbis.

They have led toc improvin the support  4n order to improve  the 4oinin
Y g f §

of the panel with +he support.

—

But In a perallel Jirection, an investigation has bean carried out with

sguare ancg unstiffened plates sat perpendiculariy tu the shooting axis.
This arrangement elimirates tre iculties ot winetic energy distributis
and permits the influsnce of the thickness and the size to be investigated.
The analysis of the results of these impacts teste will be explained
after the film.
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3.2 Test results wito

plates perpendicular to shooting axis

Hence two types o
small plates &
rhiohkinge

- large plates =

thicknes
These sizes are tn

21 shootings were

The range of the sweeped energy stretches from 3,000 to 22,700 Joules

for the small plates and from 16,600 to 28,000 Joules for the large plates.

The analysis of bird impacts on airframes led to propound twoc Laws for

the destroying normal energy (see W.P, n® 37 - 13th B S C E) and showed fig.n°4.

N°1 Law presented

X

130

concerned only etructlure webs witih 136mm in thedir smallest cize.

This n°1 Law syl

Near the stroiig f1

uristifttened AUAGT plates have been testey

ize (280 x 36U mm)

sES 1 1-2-3-4 mm

ize : (BY6 x 896 mm)
ses 1 and 2 mm
e free bearing between the support edges.

performed 17 on the small plates

4 on the large ones.

Ly the tform

on normal energy (Joules)

bness (mm}

clze (mm}) of the plate

WN = 1300 g —— = 14 el
136
| here W = penetrati
N
e = skin thic
2 = smallust
£
The factor ——- i

mdiceates the reduction to make because the analysed tests

es tar trom strong beams.

shges n°2 Law had been propodia:

= 24,4 el

with the same notaticons as above.

n
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We should note that at the present time n®2 Law has not an expression

which tends to become stable.

This arises from the first evaluation of this law unfavorably established

with the results of tnree impacts (see fig.6]}.

Yet at present time, no good explanation has been found, neither concerning
the retio of the coefficients of n®1 and n®2 Laws nor the variation

of thirteen percent between the two groups of thicknesses for n°2 Law.

L 3.3 Developmant of test program

The experience gained during this test campaign led to forecast a modification
of the test support in order to try to obtain a brittleness of the
specimens by the isolation of the webs submitted to the bird impact.

In a parallel direction, finite-element calculations will be undertaken
with the intention of verifying the boundary conditions and compare them

with the conditions obtained in the airframe.

The purpose of this work is to explain the test results already obtained
on panels and to resume the investigation on the aims of the study

as indicated in beginning of this section.
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4. BIRDC IMPACT TESTS I THE BUBBLE NOSE OF THE BREGUET-ATLANTIC AIRPLANE

now be presented will remind imp
on the forward noss of the Breguet

The film thet wiil act test of 41b birgs [ :

“Atlantic airplane.
A view of test specimer is shown on fig,7,

This bubbie hass almost the shape of a spherical cap {Radius 1 m).

The material of this bubhie is Plexiplus, rroduced by Rohm company

{German Fadsral Republic] and

[

WoIted Dy St-Lobain comosn

This material is an Acrylonitedll prodoect .

The bubnle 15 C}Dtaineﬁ -{3{‘&!{; S {):i‘ﬁt i‘fmn‘ %:!"!.,“.C;L‘».f‘ag‘:sﬁs Th% 'FQPMing

]

. 5
ISR A .

a7 this plece s achievaec by suction

ard gunching ip tamnsrature.,

Theresore trs thickness varies from 7

-

.3 mm at the top to 14 mm at the
borders.

The border iz bonded to a Dacron end Orlon riece which 1is itzelf fastensd 3
by screws on the meta

)

$ok

ic airframs.
The film presents four impects perfurmend at (he centrg of bubble

with birds having masses from 1,36 & at 8 velocity of about 180 kt 4

[ =
(82,6 m/s).
The bird velocities vary from 61 up to 120 o/s velocity of the last shootf
3 €
for the margir rasearch).

The impeast resistance oF Uik

L8 % BOGT exsmpie ©F the s0 called :

"Bagging moge",

falopermits large

C
The wird is retsined, stoppas and ther orolected forward. A C
1 ’
5 P
.
. é

s el o
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LANE 1 5 6lb BIRD IMPACTS ON THE LEALING ULGE GF THE AIRBUS HORIZONTAL TAIL PLANE

b birds

5.1 Generalities

The illustration of the informetion given oy French STPA to warking group
"structural testing” im 14th B3 Y C B, will pe presented by the next film
concerning the Blo bird impacts on the leading edge of the horizontal

tail-plane of the Airbus A 30U B.

We remind that, at the reguest of STPA, five B1b bird impacts have been

carried out on this leading edge between October and November 1979,

The sweeped range of the velocity stretches from 54 to 186 m/s with
the corresponding energies verying from 4,800 to 80,500 joules.
the In this velocity sweeping, it has been tried to reach the limit velocity
of penetration into the leading edge.

"stened We point out that the birds used were ducks which masses varied

from 3.3 to 3,6 kg.

The bird package for the 300mm gun is shown by figure 3.

180 kt
5.2 Analysis of the results

‘i i The examination of the film show penetrations where the bird cut the
't shooting |
: skin of the leading edge along the path of the shooting.

These penetrations are like those observed formerly on the wing leaaing

led :

edge of the Mystere 20, but the damages are akin to those observed on CEAT

leading edges.

Previously, in May 1874, the leading edge of the horizontal tail-plane
of the Airbus had been submitted to three impacts of 41b birds at velocities
of 180-182 m/s.

The damages caused by the Blpb bird at a comparable velocity (1856 m/g:

are approximatly the same as those with a 41b bird.

This fact was previously observed on the tail-plane of a much smali::

alrplane : the Falcon 10,

o/
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Consequently, we fnave appilad Lo the impacts 2N the laaging edge

of the Alrous norizontal tall-plane, tor

Lrin of tne anslysis previously

usec Yor the LEAT Jeacing

For all impects, ihe maximen diamerter nf the cylinder circumscribed
about the cird (nere 20omn! is Lowar Than one ding suge helght and all
the matter of the oira flest. “eiwirstes invo the ?Edﬁﬁng edge.

For the tasted asrea, the intersetrtioco s Petwosn

o

clod cylinder and
the lsading edge have similer

TOr the caprioos

R
(3
o]
(]
s
o
3
m
n

(lengtn : 1200mm -~ Area 320 cn

T e 4 s
impant 7L

CEoLonniiured o Lo Thess

the maximum kinetic ENEITY

In looking at the damages of the fivih and the first shootings, it appen

thet the breaxing SORTRY per undl ob surdace WAL ik trzeted pDetween 12,6 and

13.5 Joules per :quars nitlimeters,

For the tameages 24 A% imraet onois

Joules per souares millimeters,

These valuze are Incivded in the

Faseon W0 Vel opian =
sy Ter o2 ll owin
LAY simpie o owdpw @
LEAT leating =tpe with olesve -
At otnis slage of or Zholvels 1t sewmns trnas
1L (;fﬁfTaL,{J PR
For trg LU Dy Lhe oord inoao SELTion iel with the
Shooting won L soe LR DD ool Tipguce Brorhn o vaelge o 03 Juulsﬁ/mmz seems toh
sultebls.
€y & LT wion 1 . Sooesuion tran a6 initial bagging
(see lowsr papt oo TRpnTT T tins wadoa ob vty & o .5;;wwl/vaeenns tc be better, 'y

.
A P
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viously 5,3 Remarks oi: the tornolae viving the limit velocity of penetration
into the leading edges
ed ?‘ 1 A systematic oxnerimecial livestigetion upon bird impacts on leading edges
11 ; ! permitted the LEs1 wo plve o rormula concerning the limit penetration velocity.
: This formula .o - G M~1/3 e ¢*2/3 o 850
and ] P ' P
v r< + 30r + 1000
. f witn Vp = penetraticn velocity (m/s)
e = skin thickness (mm]
ive .
¢ = leading edge sweep angle
] M = bird weight 1in kg
t appﬁﬁrlé 1 r = leading edge radius
5 and E
This formula is not very ditferent from those propounded by the R A E
4 (Technical Report 720581).
and 14,2 | . .
1 The R A E formula, with the same units and the same notation as above is
; as follows : vos a0 e n 3 cos 4793 exp 1234
cate & r + 30r + 1000
: For the leadiing cdge of the Airbus horizontal tail-plane we have :
lmpact ; : sweep angle : ¢ = 3B8,5%°
E average cshin trickness e = 1,17 mu
welght of the bird = 3,8 kg
Area where the radius 1s Bomr
CEAT Fformula gives \/p = 57,4 m/s
R A E formula gives \/D = 53,7 m/s
nd on
Area where ihe radius is SUnm
the é CEAT Formula glves Vp = 53,8 m/s
ems to b.i R A E tormule gives Up = 49,4 m/s
; But ir the ares unere the redius is B5mm, the skin has not been plerced -
gging % et the velocity of 4 m/s.
etter. 4 In the ares wiere the radius is 90mm only the skin was demaged at the 80m/s
velocity.
Consequently i -r=ms that the propounded formulae are not applicable just as
they are for the 8ic olcd impacts.
g 1 In fact the imyeot teste botn in CEAT and in RAE were performed with birds

of @ maximum welgnt b 1.0 kg.

NNV
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5.4 Conclusions

——
The analysis of the results of 6lo bird impacts on the Airbus horizontsl
ltail-plene leading edge, gave the penetration BNergy values per unit of ares,

in the same range as the recylts previousiy obtained on the other airplanes,

Consequently we can give a good approximation of the breaking enargy for
the leading edges, with the expression

NN = 12.5 et

with WN = breaking of penetration energy (Joules! '

8 = skin thickness (mm)

£ = length (mm) of the intersgction betwean the leading edge anf

the bird cylinder,
This formula applies when we are sure that th

be retaeined by the leading edge.

For the sharp leading edges for which only & part of

will be active, it will be necessary to determine tha part of the bird mass

acting on the leading edge (see W.P, n° 13th B S C E).
At that time the evaluation of the penetration energy is given by the fo

Wy = 14A

WN = Penetration energy (Joules)

A = Area (sq.mm) of the sect

8 whole flesh of the bird will

the bird kinetic eng

E‘CEAT lea

ion chown on uppsr part of figure 8,

AIRPLA

AIRBUS |,

b FALCON 1

k' MysTERE

b CEAT sim

f Value of

i damages -

; Velus of

? damages -
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rizontal
of area, .
LUADING LOLED - PENETRATION ENERGY
rplanegs,
] - BIRD MASS PENETRAT IO RGY
rgy for HRPLANE PAS NE TID“ZENE G
’ (kg {Joules/mm”)
MRBUS A 300 & Horizonmtal tail-plane (shootings
) o n°5 and 1) 12.6 - 13.5
Leading edges,
3.6 12.9 - 14,2
pdge and shocting n°2
1 ' 1.8 1.5 - 17.8
bird will " - S— p—— o g—m-@w
] ALCON 10 Horizontsl tail-plane 1.8 and 13.9
E Leading edge. 3.6 '
tic energy |
mass B MSTERE 20 Wing leacirg euge 1.8 14.2
o ading ady oe 1.8 12.5 - 13.3
the formule SR simple leading edy
BT leading edges with oleaver 1.8 14.6
elie of energy propoucc oo for the )
« 14
Wnages fig.8 upper part.
ure 8, ,
elue of energy prooourcd Yor the 12.5
nages fig.6 lower part.
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Limit penetration velocity

£
- ~1/3 ~2/3 85
CEAT : V_ = 86,7 ¢ M cos ¢ EX[y ~—
P r< o+ 30r + 1000
~1/3 -2/3 1234
RAE v = 50,4 e 179 o 9723
ol
P r< + 30r + 1000 E
Vp = penetration veloczity (m/s)
e = skin thickness [(mm)
¢ = leading edge sweep angle
M = bird weight (rgl

I = leading edge redius (mn)

For AIRBUS horizontal tail-plane
¢ = 38°,5 - average skin thickness e = 1,17 mm
R {mm] 65 80 ]
M (kg) 3.6 3.8
v, CEAT 57.4 m/s 53.8 m/s !
Vq R.ALE 53,7 m/s 49.4 m/y 3
& g
experimental By m/s 36 m/s f
L0 penstration) {shin anly perforated] Q
(velocity near limit) ;
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NYT Law  (Far from ote e ety

W = 130U 2 - = 10 o

=
i

Fenelration noermal eficTgy {Joules)

©
"

skin thickress ()

£ = smallevt sizre of the plate (mm)

— = reduction “uctor
136

N°2 Law [near the strong flanges)

First formula

b
i
(o8]
R~
&
c.
m
!
s
[}

23.8 e &

After thre tests an tre small plates

e
-
P
s
)
i
o
w
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—

and 2 mm
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Figure 4

OBLIQUE SHOOTINGS ON SURFACES

Normal kinetic energy function of the skin thickness
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