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SUMMARY

Considering the development in Aeronautics of Aramid Epoxy Ccmposite

structures and the scarcity of bird impacts test ccnducted in the past,
the French 3 T P A has sponsored, in C.E.A.T., an experimental investigation

on the behaviour of these structures in bird impact.

This paper presents the experimental research program startec at C.E.A.T

and summarizes the first results achieved.

Necessary eguipment for the lecture : an overhead projector.
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greater amount of structures in aramid-epoxy (KEVLAR

See for example

x) composite material.
in figure 1 the Falcon 900 of the Avions Marcel Dassault-Breguet
Aviation company,

in figure Ibis the Airbus 310 on which components in advanced composite

Structure have bean fitted sin

(April lst 19823,

ce its first flight

Such materials serve as g substitute for the thin sheers of light aluminium

alloys which are traditionally used to build metal formed components such

45 nose cones, leading edges, fillets, and vield a gain in weight and cost.

Generally, these Structures are considered as secondary in comparison

to the overall Strength of the aircraft. However since they are used as

fairings to cover equipment, part of systems, and the main structurs icsels,

they are involved in the safety of the aircrafr.

Thus is set the problem of the bird

impact resistance of these FEVLAR
tomposite structures.

The KEVLAR fabrics are known for their good qualities of

strength 1in
the balliscic shootings.

In France, in the field of aeronautics, an experimental research fas been

tonducted on these fabrics to investigate the containment of blades or disk
fragments in rotor burst of turbine engines.

In this case the projectile concerned was a solid body.

On the contrary,
in bird impact,

the projectile is a soft body which behaves like 3z fluid
at the considerad impact velocities.

Considering the development in Aeronautics of KEVLAR composite structures

and the scarcity of bird impact tests conducted in the past, the French

S TP & has sponsored in CEAT an experimenta] investigation to know

the behaviour of KEVLAR composite structuyres in a bird impacr.
These structures are either mulri-ply monolithic or multi-laver (sandwich)
including honeycomb core.

Ig. the second type of structure,

each KEVLAR layer can consist of several
Plies of KEVLAR fabrie.

* KEVLAR : Du Pont's registered trademark for ics aramid fibre.
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2. PROBLEMS To INVESTIGATE

The ballistic studies have established a.relationship between the 1
penetration velocity and the mass of the unit area of the KEVLAR shie
This formula has been adjusted to bird impact with consideration given

to the following assumptions :

~ The bird is a fluid flowing in thin trickles varzliel to the g
- The strengrh of the composite material is in direct proportion

the normal component of the bird kinetic energy.

From these assumptions, the relationship found for the solid bodies
be applied under a differential form. Its integration over the lmpactef
surface then yields the equation between the kinerin energy of penetra

and the mass of the unit area of the structure. ()
This type of formula causes the following problems to be resolved :]

a) Choice of KEVLAR

= KEVLAR 49 with a high rate (54%) of epoxy resin
= KEVLAR 29 with a low rate (23%) of damping resin

b) Effect of the mass of the unit area of the target on the kinetie

of penetration : Monolithic structures, sandwich structures with honeye
¢) Effect of the style of fabric.

d} Effect of the bird mass and the obliquity of the shooting.

e) Effect of the curvature radius of the target surface (convex surfg

Small radius Leading edges

Large radius : radomes

(x) See Annex 1-2-3 Ballistic studies.
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OF TEST SPECIMEN USED

the investigation of the behaviour of KIVLik o

covers . 7 those type of structure exlsting or desinn
14d. alrerais

The Tellowing will be consigdered :

Y
L

onollrchic test specimens ¢

~ Sandwich test specimens : with heneycomb onre o~ 0o
B nose cones and leading edges.

The investigation of the influence of the aifferass

such &5 vird mass - impact velocity - lmpaco ang

- -3 will ne ~and - IR
ytion wlll pe conducted om a plane test speclmen.

rgute ? shows the monolithic specimen.

cn the forward face of che specimzn

the first ply of fabric.

Flgure 3 shows the sandwich specimen (plar

The specimens having a radius of curvature will

Figure 4 shows the specimen representatlive oo

{small vadius).

Figure 5 shows the specimen repressotative ur
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4, TEST MEANS

Figure 6 is a general view of the test facility and air pressurized gum
in CEAT.
The smooth bore gun of 150mm diameter will mainly be used.
The bird masses are
1.8 kg for civil applications

0.9 kg for military applications

shootings with 3.6 kg birds in 300mm diameter gun are plamned to check

the test results on the specimens of leading edge types.

Two high speed cameras film the impact
The first is set perpendicular to the bird path
The second is set at 45 degrees from this path and records picrures

of the forward surface of the test specimen.
Straln an stress measurements are planned.
Two frames are supporting the test specimens

Fig. 7 : for square plates (475 x 475 mm) in normal impact

Fig. 8 : inclinable suypport for oblique impacts j; and for this suppo

Fig. 9 : adapter for curved specimens. (large radius of curvaty

5. IMPACT TEST CONDITIONS

The program consider the three following impact conditions

= Normal impact on monolithic and sandwich plane plates.

- Obligue impact on these plates and also on sandwich shells with
a large radius of curvature,

- Impacts in which the bird trajectory crosses the central point
of curvature of the test specimens with small radius (leading edges)
and this trajectory remains perpendicular to the surface (effect of

sweepback angle not investigated).

- For all these tests, the penetration kinetic energy will be define
and in the event of piercing the motion of the bird after pemetration

will be studied.
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6. DEFINITION OF TEST SPECIMENS
The following tables give the definition and the number of ins (25l
uns 3 specimens initially providad.
1 - Plane monolithic test specimens Table 1
3 - Sandwich ezt specimens with honeycomb core Table 2
- Cruved test specimens
1 layer of honeycomb core Tables 3 andg « |
2 lavers ofhcneycomb core Table > |
7. FIRST RESULTS OBTAINED
AU the date of the preparation of this report { Moy 1¥53)., rhe Lesis
are not fully completed.
The first campain of testing concerms only tne nowmal iapaci on
monelithic plactes. (square plates - length of side : &473wm;.
Twe styles of Kevlar 49 fabric were investigated : Sacin b
For zach style the kinetic energy of penetraticn 1s direcily W

to the mass of the unit area of the dry fabric.

This disposition of plies has a significant influcuce oo nhe =000 oor
of the plate.

The dispositionscalled isotropic are less resistant Chan Uhe Jhasl &hed.

Although the sratic strengrh of a Kevlar Fabric of Sctsm = siyls oo geddegl

than that of a Satin 8 style fabric,{only by some percentiaze:

for a same mass of unit area of dry fabric, shows & greater ALl e
1 i 3 absorb the kinetic energy of the bird. This property 1s due I¢ Yie sous

of weaving.

- B . . S Feamenn i o
The woven armour of a fabric of Satin 8 style 1s more deiciuab.s Chdn
of & fabric of Satin 4 stvle. Therefoere, the Satin & fatrics sve .ged U0

build complicated shapes.

Finally, the most surprising peculiar characterisrtiec, Is Tus Sls2iml
L between the kinetic energy of bird containment and the kinsuls susigy
1ned
absorbed in the piercing.
: 3 - ST vt T e
For this phenomenon we are no: able, at the present Clme, U0 provide

a Teally sarisfactory explanatiov.
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. BALLISTIC STUDIES :

SNPE FORMULA FOR THE TMPACT OF SCLID BCDIES O KEVLAR @

A A ——

KINETIC ENERGY OF PENETRATICN

2 - X 2 \f = -
172 Wy 1ﬂD AP+O‘~2AD Ap DL1AD ﬁ\P
AE) = MASS OF THE UNIT AREA OF THE TARGET

Ap = AREA OF THE PART OF THE PRCJECTILE IN CONTACT
WITH THE TARGET

C>% anp O : EXPERIMENTAL COEFFICIENTS
yd

REMARK : Xy IS VERY SMALL IN COMPARISON WITH X1

EXAMPLE : FOR KEVLAR 29 WITH 22% IN WEIGHT OF MEPURANE
IN COMPATIBLE UNITS : '

oX, =313 117 (? )
% =300 ° sl ke

® DU PONT’S REGISTERED TRADE MARK
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1°) THE PENETRATION IS DUE TO THE NORM L COMPOnEnT
OF THE BIRD KINETIC ENERGY : 1/2 M V* syslex

WHERE (IS THE ANGLE BETWEEN THE BIRD VELOZITY &WD
THE NORMAL TO THE SURFACE,

2°) THE BIRD IS REPRESENTED BY A CIRCULAR 0vojufes of
RADIUS R (R = 0,0675M FOR 2 4 pounp BIRD),

THE AREA IN CONTACT WITH THE TARGET i
_ TR’
P cosex

A

3°) THE BIRD REMAINS IN THIS CYLINDRICAL Foum AT S
DURING THE PENETRATION,

THE FORMULA BECOMES o
'72 ~ 4 5

D cose 2D Y cos :
FOR NORMAL IMPACT & = ()

7 M ' 2 _ s ;.c.
V2 vl = 4 RE+ O AL RV g r e
1 D is!
HITH THE PREVIOUS REMARK CONCERNING CX AND CXAND THE
VALUE ASSIGNED TO R, WE CAN WRITE FOR A NORMAL 1MPacy
OF A FOUR POUND BIRD

2 MvE = g
D

172 M V2 cos2e = 0(1 p = + O 8 Ry IR L e 4
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3, AIMS OF THE INVESTIGATIONS

A e A S — L S B e S v ——

——— A i A A ——— =

To VERIFY.THE LLINEARITY OF THE KINETIC ENERGY
OF PENETRATION WITH RESPECT TO THE MASS OF THE UNIT

AREA FOR
EITHER THE KEVLAR + RESIN TARGET

OR THE DRY KEVLAR ALONE

2°) IN OBLIQUE IMPACT

— e R —— ki e T — w ——

To VERIFY THE INFLUENCE OF THE SHOOTING ANGLE.

THE THIRD PRECEDING ASSUMPTION LEAD TO A TERM
IN COSSD(, WHEREAS FOR THE METALLIC PLATES
AN TINFLUENCE IN COSZO( ONLY WAS FOUND.

2°) INFLUENCE OF THE SIZE OF THE TARGET

R ———— T L kil sk R
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DU PONT'S meciSTERED TRADE

KEVLAR ™ 49

NORMA

L

PLANE  PLATES
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