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(57) Abstract: Testing apparatus (10) for testing a bird strike on an aircraft part (P), comprising: a hollow, rectilinear duct (12) along
a longitudinal direction (x) to accommodate coaxially therein a cylindrical bolt (D) with a metal casing to be accelerated for the test
simulating a bird strike; a plurality of accelerating devices (14), arranged on the duct (12) in consecutive positions along the longitudinal
direction (x), each adapted, when activated, to exert an electromagnetic force on the bolt (D) to accelerate it in the longitudinal direction
(x); an electronic control unit (16); and a speed sensor (18), to measure the speed of the bolt (D) along the longitudinal direction (x),
after it has been accelerated by all the accelerating devices (14), wherein the electronic control unit (16) is configured to control the
activation of each of the accelerating devices (14), based on the measurement signal received by the speed sensor (18).
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Testing apparatus for performing bird strike tests and the related method

The present invention relates in general to a testing apparatus for tests simulating a bird

strike on aircraft parts.

Subjecting aircraft parts to tests simulating a bird strike is a necessity dictated by the
stringent aviation safety regulations. Indeed, before it may be used in the construction of an
aircraft, each aircraft part (for example a wing, a tailplane, a fuselage section, a movable
surface such as a wing or an elevator) must undergo specific bird strike tests for the part to

be certified.

Current instruments used for the structural verification of aircraft parts subjected to bird
strikes generally use a lot of energy, whether mechanical or pneumatic. Generally, such
systems comprise an accelerating duct, in which a cylindrical bolt, having a bottom surface
enclosed by a polystyrene cap and adapted to accommodate within it a test bird, is
accelerated by pressurized air and then pneumatically actuated. Upon exiting the
accelerating duct, the bolt is eviscerated by a device called a ‘stripper’ before the bird

strikes the aircraft part under test.

Among the most common problems with the current instruments used for tests simulating a
bird strike, the following become particularly apparent:

- the danger to people working adjacent to the instruments, in which high-
pressure air is used and stored for use in the pneumatic system;

- the risk of air leakage between the bolt being accelerated and the inner walls
of the accelerating duct;

- the formation of condensation due to air expansion, which prevents the test
from being properly observed or filmed during execution;

- thermal expansions of the instrument;

- the use of a system (pneumatic), which is cumbersome and expensive;

- the presence of moisture induced by the external environment and

penetrating within the accelerating duct.
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The object of the present invention is, therefore, to improve the reliability and accuracy of
bird strike testing required for the certification of aircraft parts and to provide a related
testing apparatus and method that is an alternative to that of the prior art and that does not

suffer from some or all of the disadvantages of the prior art.

This and other objects are fully achieved according to the present invention by a testing
apparatus as defined in the accompanying independent claim 1 and a testing method
simulating a bird strike on an aircraft part as defined in the accompanying independent

claim 10.

Advantageous embodiments of the invention are specified in the dependent claims, the

content of which is to be understood as being an integral part of the following description.

In summary, a first aspect of the invention is based on the idea of providing a testing
apparatus for tests simulating a bird strike on an aircraft part, the testing apparatus
comprising:

- a hollow, rectilinear duct extending along a longitudinal direction, adapted
to accommodate therein a bolt to be accelerated for test simulating a bird strike, the bolt
being cylindrical and having a metal casing adapted to accommodate a bird, and being
arranged coaxially to said longitudinal direction (X);

- a plurality of accelerating devices, arranged on the duct in consecutive
positions along the longitudinal direction, each accelerating device being adapted to, when
activated or powered, exert an electromagnetic force on the bolt to accelerate it in the
longitudinal direction;

- an electronic control unit;

- a speed sensor, adapted to measure the speed of the bolt along the
longitudinal direction, in a measurement position, after it has been accelerated by all the
accelerating devices, to generate a signal representative of such measurement and send it to
the electronic control unit;

wherein the electronic control unit is configured to control the activation of each of

the accelerating devices, based on the signal received from the speed sensor.
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According to an embodiment of the first aspect of the invention, each accelerating device
comprises a plurality of magnetic coils wound about the duct and coaxial with the

longitudinal direction.

According to an embodiment of the first aspect of the invention, the accelerating devices

are arranged equally spaced along the longitudinal direction.

According to an embodiment of the first aspect of the invention, the speed sensor is
adapted to measure the speed component of the bolt in a measurement position that is
arranged at the aircraft part and/or that is arranged just outside the duct or at an exit section

of the bolt from the duct, for example after the stripper.

According to an embodiment of the first aspect of the invention, the electronic control unit
is configured to control the activation of each of the accelerating devices by controlling the
moment of activation of each of the accelerating devices, and/or the time interval between
the activation of one accelerating device and the immediately adjacent accelerating device,

and/or the time interval during which each of the accelerating devices remains activated.

Also forming part of the invention, according to a second aspect of the invention, is a
method for calibrating a testing apparatus according to the first aspect of the invention,
comprising the steps of:

a) providing a testing apparatus according to the first aspect of the invention;

b) loading a test bolt in the duct, placing it at the first one of the accelerating
devices, or the accelerating device placed farthest from an exit section of the duct;

) commanding, by means of the electronic control unit, the sequential
activation of the accelerating devices, preferably controlling the sequential activation in a
coordinated manner;

d) by means of the speed sensor, measuring the speed of the test bolt along the
longitudinal direction, at the measurement position, after it has been accelerated by all the
accelerating devices, generating a signal representative of such measurement and sending it

to the electronic control unit.
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Also forming part of the invention, according to a third aspect of the invention, is a testing
method simulating a bird strike on an aircraft part, the method comprising the steps of:

a) providing a testing apparatus according to the first aspect of the invention;

x1)  carrying out a calibration method according to the second aspect of the
invention;

x2)  placing an aircraft part in front of the duct, namely, facing an exit section of
the duct;

x3)  loading a bolt to be accelerated into the duct, placing it at the first one of the
accelerating devices and arranging it coaxially to the longitudinal direction; the bolt being
cylindrical and having a metal casing wherein a bird is accommodated;

x4)  commanding, by means of the electronic control unit, the sequential
activation of the accelerating devices, wherein the electronic control unit controls such
activation based on the signal representative of the measurement received following said
step d);

x5) by means of the speed sensor, measuring the speed of the bolt along the
longitudinal direction (x), at the measurement position (x1), after it has been accelerated by
all the accelerating devices, generating a signal representative of such measurement and

sending it to the electronic control unit.

Further features and advantages of the present invention will appear more clearly from the
following detailed description, given by way of non-limiting example, with reference to the
accompanying drawings, in which:

Fig. 1 is a schematic view of a testing apparatus according to an embodiment of the
first aspect of the invention; and

Fig. 2 is a detail view of a section of the duct of the testing apparatus in Fig. 1, in

which the detail of an accelerating device is also visible.
With reference to the figures, a testing apparatus according to the invention is indicated
generally with 10. As mentioned above, a testing apparatus 10 is used for tests simulating a

bird strike on an aircraft part P, such as a fin or a wing panel.

The testing apparatus 10 essentially comprises a duct 12, a plurality of accelerating devices
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14, an electronic control unit 16, and a speed sensor 18.

The duct 12 is a hollow, rectilinear duct, essentially a tube. It extends along a longitudinal
direction x, which is also the direction along which the bolt D to be accelerated is
accelerated to launch it against the aircraft part P and to simulate a bird strike in the test
method. In particular, the duct 12 is adapted to accommodate within it the bolt D: the bolt
D is essentially cylindrical, and comprises a metal casing adapted to accommodate within
it a bird. The bolt D is arranged coaxially with the longitudinal direction X, as mentioned,

within the duct 12.

The duct 12 has an opening 20 adapted to allow the bolt D or a part thereof to pass. For
example, the opening 20 may be such that it blocks the passage to the metal casing of the
bolt D and allows instead the bird contained within the bolt D to pass. In this way, it is
possible to dispense with the stripper of the prior art with obvious savings in cost and

complexity of the testing apparatus 10 with respect to the prior art.

The accelerating devices 14 are arranged on the duct 12, one after the other along the
longitudinal direction x, preferably so that they are spaced equally from each other, and

preferably so that their position along the longitudinal direction x is adjustable.

Preferably, the accelerating devices 14 are all the same, but this is not essential to the

invention.

Each of the accelerating devices 14 is adapted, when activated, commanded, or operated,
to exert an electromagnetic force on the bolt D, so as to accelerate it in the longitudinal
direction x. As shown in Fig. 2, the accelerating devices 14 for this purpose each
preferably comprise a plurality of magnetic coils 22 wound about the duct 12 coaxially to
the longitudinal direction x and which are adapted to generate a magnetic field
(represented by the arrow B) when a current I passes through them. Since the bolt D
comprises a metal casing, such magnetic field results in the generation of an accelerating
force on the metal casing that accelerates the bolt D in the longitudinal direction x. In a

manner known per se, for this purpose, each accelerating device 14 may be associated with
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an RLC circuit that stores energy in a respective capacitor and yields it to the bolt D as

kinetic energy.

The speed sensor 18 is adapted to measure the speed of the bolt D, or at least of the
component thereof along the longitudinal direction X, in a measurement position x1, which
may be, for example, at the aircraft part P or substantially almost in contact therewith, or
which may be arranged just outside the duct 12 or just outside the opening 20 that allows
the bolt D to exit from the duct 12. However, the measurement position x1 is such that the
bolt D, when it reaches said measurement position, has already been accelerated by all the
accelerating devices 14, or it has already overtaken all the accelerating devices 14 from its
initial position, or in the position in which the bolt D is still stationary in the duct 12 and is
being moved along the longitudinal direction x. As a result of the measurement, the speed
sensor 18 is adapted to generate a signal representative of the measurement and send it to
the electronic control unit 16. In a manner known per se, the speed sensor 18 may comprise
a pair of photocells 18°, arranged one after the other along the longitudinal direction x, at a

short, predetermined distance.

The electronic control unit 16 is an electronic processing unit adapted to store, process,
transmit, and receive signals representative of information and/or data. According to the
invention, the electronic processing unit 16 is configured to control the activation of each
of the accelerating devices 14, or to individually control the activation of each of the
accelerating devices 14, also based on one or more signals received from the speed sensor
18, which was generated in the same testing method or which was generated in a previous

’

method for calibrating the testing apparatus 10. “Controlling activation,” in the present
document, may be understood, for example, to mean controlling the moment of activation,
and thus the sequence of activation, of each of the accelerating devices 14, and/or
controlling the time interval between the activation of one accelerating device 14 and the
immediately adjacent accelerating device 14, or the subsequent one, and/or controlling the
time interval in which each of the accelerating devices 14 remains activated. Clearly other
modes of control based on other control parameters are also possible, as well as a

combination of the proposals disclosed and those known per se to a person skilled in the

art, without departing from the scope of the invention.
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Furthermore, a part of the present invention is a method for carrying out said bird strike

tests on the aircraft part E.

More specifically, the method for carrying out bird strike tests on an aircraft part E
according to the present invention comprises the steps of:

a) providing a testing apparatus 10 according to the first aspect of the
invention;

b) loading a test bolt D, also known as a ‘dummy’ bolt, in the duct 12, placing
it at the first one, or at one of, the accelerating devices 14;

) commanding, by means of the electronic control unit 16, the sequential
activation of the accelerating devices 14;

d) by means of the speed sensor 18, measuring the speed of the test bolt D
along the longitudinal direction x, at the measurement position x1, after it has been
accelerated by all the accelerating devices 14, or after it has exited the duct 12, generating
a signal representative of such measurement and sending it to the electronic control unit
16;

x2)  placing an aircraft part P in front of the duct 12;

x3)  loading a bolt D to be accelerated into the duct 12, placing it at the first one
of the accelerating devices 14 and arranging it coaxially to the longitudinal direction x;

x4)  commanding, by means of the electronic control unit 16, the sequential
activation of the accelerating devices 14, based on the signal representative of the
measurement signal received following step d) in the calibration method;

x5) by means of the speed sensor 18, measuring the speed of the bolt D along
the longitudinal direction x, at the measurement position x1, after it has been accelerated
by all the accelerating devices 14, or after it has exited the duct 12, generating a signal

representative of such measurement and sending it to the electronic control unit 16.

Ultimately, it is clear that the testing method for simulating bird strikes described above is

a method for using the testing apparatus 12 according to the first aspect of the invention.

As may be seen from the foregoing description, a testing apparatus according to the present
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invention and a related method allow the disadvantages of the prior art to be overcome.

In particular, with such an apparatus, dangerous accumulations of pneumatic or elastic

energy are avoided.

Furthermore, by virtue of the accelerating devices according to the invention, the friction

between the bolt and the accelerating duct is negligible.

Moreover, by virtue of the testing apparatus, air leakage is irrelevant to the impact and
finally no moisture or condensation forms that would prevent — as is the case with the prior

art — observing or filming the test.

Without prejudice to the principle of the invention, the embodiments and construction
details may vary widely with respect to that which has been described and illustrated
purely by way of non-limiting example, without thereby departing from the scope of

protection of the invention as defined in the appended claims.

LIST OF REFERENCE NUMBERS

P aircraft part
D bolt
X longitudinal direction

10 testing apparatus

12 duct

14 accelerating devices
16 electronic control unit
18 speed sensor

18> photocells
20 opening
22 coils
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CLAIMS

1. Testing apparatus (10) for tests simulating a bird strike on an aircraft part (P), the
testing apparatus (10) comprising:

- a hollow, rectilinear duct (12) extending along a longitudinal direction (x),
adapted to accommodate therein a bolt (D) to be accelerated for the test simulating a bird
strike, the bolt (D) being cylindrical and having a metal casing adapted to accommodate a
bird, and being arranged coaxially with said longitudinal direction (x);

- a plurality of accelerating devices (14), arranged on the duct (12) in consec-
utive positions along the longitudinal direction (x), each accelerating device (14) being
adapted to, when activated, exert an electromagnetic force on the bolt (D) to accelerate it in
the longitudinal direction (x);

- an electronic control unit (16); and

- a speed sensor (18), adapted to measure the speed of the bolt (D) along the
longitudinal direction (x), in a measurement position (x1), after it has been accelerated by
all the accelerating devices (14), and to generate a signal representative of such measure-
ment and send it to the electronic control unit (16);

wherein the electronic control unit (16) is configured to control the activation of
each of the accelerating devices (14), based on the signal received by the velocity sensor

(18).

2. Testing apparatus according to claim 1, wherein each accelerating device (14) com-
prises a plurality of magnetic coils (22) wound about the duct (12) and coaxially with the

longitudinal direction (x).

3. Testing apparatus according to claim 1 or to claim 2, wherein the accelerating de-

vices (14) are arranged equally spaced along the longitudinal direction (x).

4. Testing apparatus according to any of the preceding claims, wherein the velocity
sensor (18) is adapted to measure the speed component of the bolt (D) in a measurement

position (x1) arranged at the aircraft part (P).
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S. Testing apparatus according to any of the preceding claims, wherein the speed sen-
sor (18) is adapted to measure the speed component of the bolt (D) in a measurement posi-
tion (x1) arranged just outside the duct (12) or at an opening (20) that allows the bolt (D) to
exit from the duct (12).

6. Testing apparatus according to any of the preceding claims, wherein the electronic
control unit (16) is configured to control the activation of each of the accelerating devic-

es (14) by controlling the time moment each of the accelerating devices (14) is activated.

7. Testing apparatus according to any of the preceding claims, wherein the electronic
control unit (16) is configured to control the activation of each of the accelerating devic-
es (14) by controlling the time interval between the activation of an accelerating de-

vice (14) and the immediately adjacent accelerating device (14).

8. Testing apparatus according to any of the preceding claims, wherein the electronic
control unit (16) is configured to control the activation of each of the accelerating devic-
es (14) by controlling the time interval wherein each of the accelerating devices (14) stays

activated.

9. Calibration method of a testing apparatus (10) according to any of the preceding
claims, comprising the steps of:

a) providing a testing apparatus (10) according to any of the preceding claims;

b) loading a test bolt (D) in the duct (12), placing it at the first one of the ac-
celerating devices (14);

) commanding, by means of the electronic control unit (16), the sequential ac-
tivation of the accelerating devices (14);

d) by means of the speed sensor (18), measuring the speed of the test bolt (D)
along the longitudinal direction (x), at the measurement position (x1), after the test bolt has
been accelerated by all the accelerating devices (14), generating a signal representative of

such measurement and sending it to the electronic control unit (16).

10.  Testing method simulating a bird strike on an aircraft part (P), the method compris-
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ing the steps of:

a) providing a testing apparatus (10) according to any claim from 1 to 8§;

x1)  carrying out a calibration method according to claim 9;

x2)  placing an aircraft part (P) in front of the duct (12);

x3)  loading a bolt (D) to be accelerated in the duct (12), placing it at the first
one of the accelerating devices (14) and arranging it coaxially with the longitudinal direc-
tion (x); the bolt (D) being cylindrical and having a metal casing wherein a bird is accom-
modated;

x4)  commanding, by means of the electronic control unit (16), the sequential ac-
tivation of the accelerating devices (14), wherein the electronic control unit (16) controls
such activation based on the signal representative of the measurement received following
said step d);

x5) by means of the speed sensor (18), measuring the speed of the bolt (D)
along the longitudinal direction (x), at the measurement position (x1), after the bolt has
been accelerated by all the accelerating devices (14), generating a signal representative of

such measurement and sending it to the electronic control unit (16).
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