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Description

TECHNICAL FIELD

[0001] The present invention relates to a projectile for
simulating bird strikes.

BACKGROUND ART

[0002] A phenomenon where a bird collides with an
airplane or is sucked into an engine at a time of takeoff
or landing, namely a bird strike, gives rise to serious in-
fluences on the airplane. For assessing safety against
bird strikes, tests in which euthanized bird carcasses are
ejected by means of gas pressure onto airframe compo-
nents or engine components have been used. Whereas
these tests are still important as conclusive safety as-
sessment, they may have a moral problem and are there-
fore unlikely to be used as routinely executable tests ap-
plied to components under development.
[0003] Proposed as an alternative is a test which uses
a simulating projectile formed of a gel-like or jelly-like
material. As a shape for the projectile, a column or a body
of rotation of an ellipse similar to a column is used. The
Patent Literature 1 discloses a related art.

Citation List

Patent Literature

[0004] PTL 1: International Publication No. WO
2010/018107

SUMMARY

TECHNICAL PROBLEM

[0005] Tests by simulating projectiles are valuable for
testing components on the fore of an airplane, such as
leading edges of wings or a fan of an engine, where birds
may directly collide. According to studies by the present
inventors, however, considering cases where birds col-
lides with components behind these components, such
as outlet guide vanes behind the fan of the engine or a
low pressure compressor, it is found out that load profiles
just after collisions outstrip actual conditions and there-
fore such tests are too severe.

SOLUTION TO PROBLEM

[0006] The present invention has been achieved in
light of the aforementioned problem and is intended to
provide a projectile enabling simulation of a bird strike,
which is proper even to a component not directly colliding
with a bird, such as outlet guide vanes or a low pressure
compressor.
[0007] According to the present invention, a projectile
for simulating a bird strike is comprised of a solid body

having an outline of a columnar shape having a front end
and a rear end, an opening opened at the front end, and
a hollow elongated from the opening toward the rear end,
which is formed of a gel-like or jelly-like material.

ADVANTAGEOUS EFFECTS

[0008] A projectile enabling simulation of a bird strike,
which is proper even to a component not directly colliding
with a bird, such as outlet guide vanes or a low pressure
compressor, is provided.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

FIG. 1 is a schematic illustration of load profile curves
just after collisions.
FIG. 2A is a sectional plan view of a projectile not
forming part of the present invention according to a
first comparative example.
FIG. 2B is a sectional plan view of a projectile not
forming part of the present invention according to a
second comparative example.
FIG. 3A is a sectional plan view of a projectile ac-
cording to an embodiment of the present invention.
FIG. 3B is a sectional plan view of a projectile ac-
cording to a modified example of the embodiment.
FIG. 3C is a sectional plan view of a projectile ac-
cording to another modified example of the embod-
iment.
FIG. 4A is a sectional plan view of a projectile ac-
cording to another embodiment of the present inven-
tion.
FIG. 4B is a sectional plan view of a projectile ac-
cording to a modified example of the embodiment.
FIG. 4C is a sectional plan view of a projectile ac-
cording to another modified example of the embod-
iment.
FIG. 5A is an elevational view schematically showing
a state just before the projectile is ejected out.
FIG. 5B is an elevational view schematically showing
a state where the projectile has been ejected.

DESCRIPTION OF EMBODIMENTS

[0010] Exemplary embodiments will be described
hereinafter with reference to the appended drawings. It
is particularly noted that these drawings are not always
drawn to scale exactly and therefore dimensional rela-
tions among elements are not limited to those shown
therein. Further, while directions where a projectile is
ejected are drawn to be rightward in FIGs. 2A-5B, this is
not limiting the invention.
[0011] As described already, when a bird strike hap-
pens to a component facing forward in an airplane, such
as a fan of an engine, the whole body of the bird collides
with it. As the fan rotates at high speed, the body of the
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bird is chopped into small pieces. These small pieces
are, along with airflow by the fan, sucked into the engine
or a bypass duct and then pose secondary collisions with
components such as outlet guide vanes.
[0012] When the entire process as described above is
numerically analyzed by means of the publicly known
particle method and calculated load profiles imposed on
an outlet guide vane are turned into a graph, a line s
drawn in FIG. 1 schematically depicts an example there-
of. In FIG. 1, the horizontal axis depicts an elapsed time
and the vertical axis depicts a load L. Increase in load
just after a collision is thus relatively slow and a peak of
the load, with undergoing some fluctuations, lasts for a
relatively long time.
[0013] On the other hand, when a simulating projectile
collides, a load imposed on a subject of the collision can
be estimated by the following equation (1). 

where ρ represents a density of the projectile, A repre-
sents a cross section at a face perpendicular to a moving
direction of the projectile, and v represents a velocity. A
time for which the load is imposed can be estimated by
the following equation (2). 

where L is a length of the projectile.
[0014] When the projectile collides, its front end first
gets in contact with the subject of collision and then im-
poses its mass thereon, and next the front end and sub-
sequent portions in sequence collapse and impose these
masses on the subject. In a case where the projectile is
formed in a column or has a shape similar to a column,
the cross sections A are constant from the front end to
the rear end. And also the velocity v just after the collision
is relatively large. It is therefore, from the equation (1),
understood that a relatively large load is imposed on the
subject of the collision from the very initial step just after
the collision. More specifically, it is apparent that increase
in load just after the collision comes to be steeper. The
conventional test using the projectile of, or similar to, a
columnar shape is therefore considered too severe as a
collision test of outlet guide vanes or a low pressure com-
pressor.
[0015] The present inventors have carried out studies
as described below in regard to a shape of a projectile
that can sufficiently simulate collision with components
behind a fan.
[0016] It could be readily understood from the equation
(1) that decrease in cross section A at the front end of
the projectile results in moderating load increase just af-
ter the collision. Then considered was a case where a
projectile 1 as shown in FIG. 2A collides with a subject.

The projectile 1 is comprised of a main body 3 of a co-
lumnar shape and a tapered portion 5 of a conical shape
that tapers toward its front end. It is assumed that an
apical angle of the tapered portion 5 is 90 degrees and
its density ρ is equal to that of a gelatin. A numerical
analysis similar to that described above on the basis of
this assumption produces a load profile described with a
line b in FIG. 1. As compared with the columnar projectile,
although a load increase just after a collision is more
moderate and the line b approximates the line s to some
degree, it is understood that the degree of increase in
load just after the collision is still too steep.
[0017] Next considered was a projectile 1’ as shown
in FIG. 2B. The projectile 1’ is comprised of a main body
shorter than that of the projectile 1 and a longer tapered
portion 5’, in which its density ρ is equal to that of the
projectile 1. Similar numerical analysis produces a load
profile described with a line a in FIG. 1. A load increase
just after a collision is moderated excessively and it does
not approximate the line s.
[0018] Even if any intermediates between the example
of FIG. 2A and the example of FIG. 2B were sought, or
any diameter and any total length thereof were tested,
any of these results could not produce a line approximat-
ing the line s.
[0019] Causes of these results could be considered in
the following way. While the tapered shape can reduce
the cross section at the foremost end, as the load profile
is limited to a quadric curve. Thus the increase in load
just after the collision is excessively moderated.
[0020] More specifically, the studies by the present in-
ventors demonstrated that variations of the outline of the
projectile in a range of tapered forms cannot produce
sufficient approximation to the line s in regard to both the
load increase just after the collision and the duration of
the load.
[0021] In turn, if the outline of the projectile separates
from the columnar shape, it gives rise to difficulty in sup-
port by a sabot at a time of ejection, as described later.
Outlines similar to a column, or any proper shape properly
devised for convenience of ejection, are preferable.
[0022] Based on the studies as described above, a pro-
jectile 10 of the present embodiment is, as shown in FIG.
3A, a solid body 13 having an outline of a columnar shape
having a front end and a rear end, an opening opened
at the front end, and a hollow 15 elongated from the open-
ing toward the rear end. The solid body 13 is formed of
a gel-like or jelly-like material.
[0023] The outline may be made to be a column for
example. As described already, the columnar shape is
advantageous in being supported by the sabot. Of course
it may be any other shape, such as a prism, properly
devised for convenience of ejection. The rear end of the
solid body 13 may be formed as a face perpendicular to
its axial direction, or may be a hemisphere or any other
shape adapted for ejection.
[0024] The hollow 15 is for example formed in a tapered
shape tapering toward the rear end. Sections of the solid
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body 13 are, from the front end to a rear end of the hollow
15, ring shapes in that solid sections are left only around
the circular outline. This shape can reduce the cross sec-
tion around the foremost end but maintain the total vol-
ume thereof to a considerable degree.
[0025] In addition the tapered shape as described
above may be a cone. Or, it may be a pyramid. The ta-
pered shape can be determined in accordance with the
whole shape of the solid body 13.
[0026] The whole of the solid body 13 is formed of a
gel-like or jelly-like material. An example of such a ma-
terial is gelatin. As gelatin has a density close to that of
muscles of birds and is also similar in viscoelasticity
thereto, it is proper as a material for a projectile. The solid
body 13 may be, as a whole, uniform in density, or alter-
natively may have a density gradient.
[0027] If the opening is left open, the vicinity of the
opening may readily crush when the projectile 10 is eject-
ed or collides. Thus the opening may be, as shown in
FIG. 3B, closed by a support body 17. Further, as shown
in FIG. 3C, the support body 17’ may span the substan-
tially total length of the hollow 15. The support bodies 17,
17’ prevent deformation of the vicinity of the opening. To
the support body 17 or 17’ preferably applied is a material
having a lower density than the material for the solid body
13 and a proper stiffness. As such a material exemplified
is a resin such as foamed polyurethane.
[0028] Various modifications about the shape of the
hollow 15 may be possible. The hollow 15’ may, for ex-
ample, span the substantially total length of the solid body
13 as shown in FIG. 4A or, to the contrary, may be limited
to a limited range around its front end. As longer the hol-
low is, increase in load just after the collision becomes
more moderate. The length of the hollow can be deter-
mined depending on a preferred load profile.
[0029] Alternatively, like as a hollow 15s shown in FIG.
4B, its diameter could be uniform throughout the total
length or formed in a shape similar thereto. For the dead
end thereof applicable is a semispherical shape 15b or
any other shape. These shapes could produce various
load profiles that have non-linear or multi-step increase
in load just after a collision.
[0030] Further alternatively, like as a hollow 15c shown
in FIG. 4C, any more complex shape could be applied
thereto. Further the density is not limited to be uniform
but any density gradient could be given to the solid body
13. Proper combinations of shapes and density gradients
allow design of various load profiles.
[0031] A numerical analysis based on the example
shown in FIG. 3A, which is similar to those as described
above, produces a load profile described with a line c in
FIG. 1. In the line c, the portion of load increase just after
a collision and the plateau-like portion where the load is
kept substantially constant are relatively good in quality
of approximation to the line s. These portions in the load
profile curve are the most important portions in view of
quality of simulation of collision. As the quality of approx-
imation is quite good in these portions, the projectile of

the present embodiment could be acknowledged to en-
able simulation of bird strikes on a component not directly
colliding with a bird, such as outlet guide vanes or a low
pressure compressor.
[0032] The projectile 10 of the present embodiment will
be ejected by means of a gas gun 100 as shown in FIGs.
5A and 5B.
[0033] The gas gun 100 is generally comprised of a
main body 102 as a column opened at its front end and
a sabot 104 loaded in its interior. The sabot 104 has a
concave of a columnar shape for example, in which the
projectile 10 is loaded. A room inside the main body 102
and at the rear of the sabot 104 is filled with a compressed
gas. In addition the gas gun 100 is comprised of a latch
means for temporarily keeping the sabot 104 at the initial
position shown in FIG. 5A and further a stopper means
for preventing the sabot 104 from running out of the front
end.
[0034] The gas gun 100 loaded with the projectile 10
and a test piece 110 as a whole are introduced into a
vacuum chamber and are placed under a vacuum of sev-
eral tens Pa. Alternatively it may be under a condition
closer to the atmospheric pressure. As air resistance
could be prominently reduced under a depressurized
condition, high-speed ejection close to subsonic speeds
can be readily achieved and deformation of the projectile
caused by the air resistance is ignorable.
[0035] Under this condition, the latch means is re-
leased and then the sabot 104 is accelerated by the com-
pressed gas pressure. As the stopper means stops the
sabot 104 at the front end of the gas gun 100, the pro-
jectile 10 alone is ejected therefrom.
[0036] The ejected projectile 10 collides with the test
piece 110 as shown in FIG. 5B.
[0037] As the projectile 10 has the columnar outline
adapted for being supported by the concave portion of
the sabot 104, it is suitable for ejection by the gas gun.
Further as the projectile 10 has the hollow 15 in its interior,
the sectional profile is regulated to enable good simula-
tion of bird strikes proper for a component not directly
colliding with a bird, such as outlet guide vanes or a low
pressure compressor.

INDUSTRIAL APPLICABILITY

[0038] A projectile enabling simulation of a bird strike,
which is proper even to a component not directly colliding
with a bird, such as outlet guide vanes or a low pressure
compressor, is provided.

Claims

1. A projectile (10) for simulating a bird strike, compris-
ing:

a solid body (13) having an outline of a columnar
shape having a front end and a rear end, an
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opening opened at the front end, and a hollow
(15) elongated from the opening toward the rear
end,
the solid body (13) being formed of a gel-like or
jelly-like material.

2. The projectile (10) of claim 1, wherein the hollow (15)
has a taper shape tapering toward the rear end.

3. The projectile (10) of claim 2, wherein the taper
shape is a cone or a pyramid.

4. The projectile (10) of any of claims 1 through 3, fur-
ther comprising:

a support body closing the opening.

5. The projectile (10) of claim 4, wherein the support
body is formed of a material being lower in density
than the gel-like or jelly-like material.

6. The projectile (10) of claim 1, wherein the gel-like or
jelly-like material comprises gelatin.

Patentansprüche

1. Geschoss (10) zum Simulieren eines Vogelschlags,
das Folgendes umfasst:

einen massiven Körper (13), der einen Umriss
mit einer säulenförmigen Gestalt hat, die ein vor-
deres Ende und ein hinteres Ende, eine Öff-
nung, die an dem vorderen Ende geöffnet ist,
und einen Hohlraum (15), der von der Öffnung
zu dem hinteren Ende hin langgestreckt ist, hat,
wobei der massive Körper (13) aus einem gel-
artigen oder gallertartigen Material geformt ist.

2. Geschoss (10) nach Anspruch 1, wobei der Hohl-
raum (15) eine Verjüngungsform hat, die sich zu dem
hinteren Ende hin verjüngt.

3. Geschoss (10) nach Anspruch 2, wobei die Verjün-
gungsform ein Kegel oder eine Pyramide ist.

4. Geschoss (10) nach einem der Ansprüche 1 bis 3,
das ferner Folgendes umfasst:

einen Stützkörper, der die Öffnung verschließt.

5. Geschoss (10) nach Anspruch 4, wobei der Stütz-
körper aus einem Material geformt ist, das in der
Dichte niedriger ist als das gelartige oder gallertar-
tige Material.

6. Geschoss (10) nach Anspruch 1, wobei das gelartige
oder gallertartige Material Gelatine umfasst.

Revendications

1. Projectile (10) pour simuler un impact d’oiseau,
comprenant :

un corps solide (13) qui présente un profil d’une
forme colonnaire qui comporte une extrémité
avant et une extrémité arrière, une ouverture qui
débouche au niveau de l’extrémité avant et une
cavité (15) qui est allongée depuis l’ouverture
en direction de l’extrémité arrière,
le corps solide (13) étant formé à partir d’un ma-
tériau similaire à un gel ou similaire à une gelée.

2. Projectile (10) selon la revendication 1, dans lequel
la cavité (15) présente une forme effilée qui est effilée
en direction de l’extrémité arrière.

3. Projectile (10) selon la revendication 2, dans lequel
la forme effilée est un cône ou une pyramide.

4. Projectile (10) selon l’une quelconque des revendi-
cations 1 à 3, comprenant en outre :

un corps de support qui renferme l’ouverture.

5. Projectile (10) selon la revendication 4, dans lequel
le corps de support est formé en un matériau qui
présente une densité plus faible que le matériau si-
milaire à un gel ou similaire à une gelée.

6. Projectile (10) selon la revendication 1, dans lequel
le matériau similaire à un gel ou similaire à une gelée
comprend de la gélatine.
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