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METHOD FOR EVALUATING THE EFFECT OF AN ELECTRIC DISCHARGE ON A
COMPOSITE MATERIAL

Field of the Invention

The present invention relates to a method for evaluating
the effect of an electric discharge on a composite material
through the damage caused due to the effect of thermal heating.
Background of the Invention

The evaluation of the thermal behavior of a material due to
a severe electric discharge is required in the event that this
material is in contact with areas in which there is a possible
risk of ignition, for example and for the aeronautical field, in
areas 1in contact with the fuel of the aircraft and/or with its
gases. In this case, a prediction of the temperature reached in
the material 1is required for the purpose of being able to
prevent hot spots: the high current density in certain spot
locations of the structure of the aircraft may cause high
temperature spots. If this temperature exceeds 200°C (ignition
point of fuel considered by the FAA/JAA), the fuel may reach its
inflammation point if the suitable concentrations are present
inside the tank.

Structural damage (holes, melted material, peeling in the
case of composite materials, etc.), which need to be known in
order to prevent the mechanical behavior of the material after
the impact, may occur due to thermal effects.

Until now aircraft structures have been manufactured mainly
using metallic materials. Carbon fiber and resin composite
materials currently tend to be used to manufacture aircraft
structures. The main difference between both materials is that
the metallic material is far more conductive than the composite.
Therefore, when the effect of an electric discharge is produced
in the structure of an aircraft, if it is a metallic structure,
the current of this discharge is quickly distributed throughout
the entire structure, which does not occur when the structure is
made with composite material. This means that the local damage
is less with metallic structures than it is in the case of using

a composite material.
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In the field of aeronautics, to obtain certification for a

material it is necessary to conduct tests on the chosen material
in certified laboratories for such purpose. These tests are very
expensive and complex for the case of composite materials
currently used in aeronautics.

The present invention 1is thus aimed at solving these
drawbacks in the case of aircraft structures made of composite
material.

Summary of the Invention

The present invention proposes a method for evaluating the
effect of an electric discharge on an aircraft structure made of
composite material through the evaluation of the damage caused
due to the effect of the thermal heating generated by the
mentioned discharge on the structure. The composite material
forming the aircraft structure has physical properties and
thermal properties that differ according to the chosen direction
of the material. This method can approximately estimate these
damages and could therefore drastically reduce the number of
tests conducted. It will further allow greater freedom when
investigating new designs as well as optimize these new designs
and those designs already tested.

The method of the invention therefore comprises the steps
of:

a) applying an electric discharge on the material of the

aircraft structure, modeled as an intensity generator;

b) distributing in an electric mesh with resistive
electric elements the material of the aircraft
structure;

c) calculating the intensities running through  the
electric mesh of the material of the aircraft structure
from the intensity introduced in the generators;

d) calculating with the previous intensities the heat
which 1s dissipated in each of the elements of the
electric mesh of the material of the aircraft
structure;

e) calculating the distribution of temperatures in each of

the elements of the electric mesh of the material of
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the aircraft structure;

f) determining the elements of the electric mesh of the
material of the aircraft structure which, due to the
effect of the distribution of temperatures, experience
a change of state and evaporate;

g) determining the damage caused to the material of the
aircraft structure due to the effect of the electric
discharge.

Other features and advantages of the present invention will
be deduced from the following detailed description of an
illustrative embodiment of its object in relation to the
attached figures.

Description of the Drawings

Figure 1 shows the classification into areas of an aircraft
according to the probability thereof of experiencing an impact
from an electric discharge.

Figure 2 shows the distribution of the aircraft structure
by means of a mesh of resistive electric elements.

Figure 3 shows the thermal behavior of the material of the
aircraft structure.

Detailed Description of the Invention

The present invention therefore provides a method for
evaluating the effect of an electric discharge on an aircraft
structure made of composite material through the evaluation of
the damage due to the effect of thermal heating caused by the
mentioned discharge on the structure. The probability of an
aircraft suffering a lightening bolt impact is high, it being
calculated that an aircraft experiences on average almost 2
lightening bolt impacts per year. Therefore, it is necessary to
take the necessary steps assuring firstly the safety of the
passengers, and secondly making this lightening bolt impact have
the smallest possible effect on the operation of the aircraft.

Not all the parts forming an aircraft structure have the
same probability of experiencing the impact of an electric
discharge, or that this impact 1is as severe in all parts.
According to the probability and severity of the lightening bolt

or the electric discharge, the airplane is split into different
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areas from the direct impact point of wview, the protection of

the outer structure of the aircraft thus depending on what
region the part to be protected is located in. An aircraft
structure is split into the following regions:
Region 1, in which it will probably experience the initial
lightening bolt impact and the first return impacts and in
which the lightening bolt will probably not remain;
Region 2, in which it will probably experience the initial
lightening bolt impact and the first return impacts, and
in which the lightening bolt will probably remain;
Region 3, in which there will probably be a return impact
with a small amplitude, and furthermore in which the
probability that the lightening bolt will remain is low;
Region 4, in which a first impact will probably not be
experienced, but in which re-impacts due to the sweeping
of the lightening bolt will probably be experienced and in
which the lightening bolt will probably not remain;
Region 5, in which a first impact will probably not be
experienced, but in which re-impacts due to the sweeping
of the lightening bolt will probably be experienced an in
which the lightening bolt will probably remain;
Region 6, in which any type of lightening bolt impact will
probably not occur, but in which the current associated to
the lightening bolt impacts in other areas will have to be
conducted.
The method of the invention thus comprises the following
steps described in detail below.
1. Applying an electric discharge on the material of the
aircraft structure by means of an intensity generator
The physical phenomenon which is applied on the material of
the aircraft structure 1is that of an electric discharge or
lightening bolt. The electric discharge occurs from a focal
point which is at a much higher potential than the object on
which the discharge falls, which is the object of study. When
this potential difference exceeds the dielectric capacity of the
medium (in this case, air), an electric arc is formed between

the focal point and the object, which allows studying the
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discharge of a lightening bolt (electric arc) from a cloud

(focal point) in the field of aeronautics.

The electric arc is characterized by certain magnitudes,
such as the diameter of the arc, which is obtained from the data
obtained by means of tests, the intensity that is transferred,
the curvature of the arc, the angle of incidence of the
lightening bolt, etc. According to the method of the invention,
the arc 1is considered perpendicular to the material of the
aircraft structure under study.

Given that in the field of aeronautics the electric
discharge is considered to be a function of the current
intensity transmitted by this discharge over time, in the method
according to the invention the electric discharge is represented
by means of a direct current generator, further considering that
the current density 1is constant in the cross section of the
electric arc and that the properties of the electric arc do not
change over time (stationary electric arc).

2. Distributing in an electric mesh with resistive electric
elements the material of the aircraft structure

According to the method of the invention the material will
be split into smaller parts called cells 7. A resistive contact
R will be defined between each of these cells 7 and the adjacent
cells. The material of the aircraft structure 1is therefore
modeled as a mesh 8 of resistances R, as can be seen in Figure
2. The ends of this mesh are joined so that all of them are at
the same potential, simulating the current return.

The designed method allows including the performance of

A\ W74

several classes of material, z"” referring to the direction of

ANY 14

the thickness and defining the “xy” plane as the plane locally

A\ G4

perpendicular to the “z” axis; the material has a conductivity
which may change according to “z”, i.e. in each “xy” plane there
may be a different electric and thermal conductivity.

The method of the invention thus allows evaluating
composite materials (the electric properties of which change in
each layer of +the stack), as well as homogenous metallic

materials. It also allows introducing layers of other different

material. For example, a composite material plus a mesh made of
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a metallic material on the surface of the composite material, a

design that is widely wused in the field of aeronautics for
protecting structures against electric discharges, can be
evaluated.

3. Calculating the intensities running through the electric mesh
of the material of the aircraft structure from the intensity
introduced in the generators

The electric mesh 8 of the material of the aircraft
structure is resolved by a standard electric circuit resolution
method from the intensity which is introduced in the mentioned
mesh 8 by the direct current generators.

4. Calculating, with the previous intensities, the heat which is
dissipated in each of the elements of the electric mesh of the
material of the aircraft structure

From the thermal point of view, the method of the invention
considers the material of the aircraft structure as anisotropic,
i.e. it considers that its thermal properties depend on the
direction.

Since the contour conditions of the material are considered
adiabatic, except in the interface between the lightening bolt
and the test piece, in which the lightening bolt injects heat
into the material, the electromagnetic energy which is
introduced in the material is concentrated therein, not taking
into account the possible energy that the lightening bolt itself
is to radiate.

In the electric mesh described above, the current return is
modeled as ground, meaning that the ends of the material are at
the same potential, as can be seen in Figure 2.

5. Calculating the distribution of temperatures in each of the
elements of the electric mesh of the material of the aircraft
structure

In the method being described, there are two thermal energy
sources: the interaction in the interface between the electric
arc and the material, and the heating of the material due to the
Joule effect when the intensity circulates inside it.

This heat generated in the material of the aircraft

structure will be diffused by conduction inside the mentioned
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material.
6. Determining the elements of the electric mesh of the material
of the aircraft structure which, due to the effect of the
distribution of temperatures, experience a change of state and
evaporate

For severe electric discharges, the energy transferred to
the material will be enough to cause a change of state. The
change of state 1is shown in Figure 3. When it reaches the
gaseous state, the cell 7 of the electric mesh 8 of the material
of the aircraft structure is no longer taken into account for
the purpose of transmitting heat, all the energy that the cell 7
had up to that point from the evaporation being transferred to
the cell immediately under it.
7. Determining the damage caused to the material of the aircraft
structure due to the effect of the electric discharge

After the process has concluded, the cells 7 which have
been evaporated are obtained and the damaged caused in the
material of the aircraft structure can be evaluated.

Any modifications comprised within the scope defined by the
following claims can be introduced in the preferred embodiment

described above.
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CLAIMS

1. A method for evaluating the effect of an electric
discharge on an aircraft structure through the evaluation of the
damage caused by the effect of the thermal heating generated by
the mentioned discharge on the structure, comprising the steps
of:

a) applying an electric discharge on the material of the

aircraft structure, modeled as an intensity generator;

b) distributing in an electric mesh with resistive
electric elements the material of the aircraft
structure;

c) calculating the intensities running through the
electric mesh of the material of the aircraft structure
from the intensity introduced in the generators;

d) calculating with the previous intensities the heat
which 1s dissipated in each of the elements of the
electric mesh of the material of the aircraft
structure;

e) calculating the distribution of temperatures in each of
the elements of the electric mesh of the material of
the aircraft structure;

f) determining the elements of the electric mesh of the
material of the aircraft structure which, due to the
effect of the distribution of temperatures, experience
a change of state and evaporate;

g) determining the damage caused to the material of the
aircraft structure due to the effect of the electric
discharge.

2. A method for evaluating the effect of an electric
discharge on an aircraft structure according to claim 1,
characterized in that the electric discharge is characterized by
the diameter of the electric arc, the intensity transferred by
the arc, the curvature of the arc and the angle of incidence of
the lightening bolt.

3. A method for evaluating the effect of an electric
discharge on an aircraft structure according to claim 2,

characterized in that the electric arc is perpendicular to the
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material of the aircraft structure.

4. A method for evaluating the effect of an electric
discharge on an aircraft structure according to any of the
previous claims, characterized in that the electric discharge is
represented by means of a direct current generator, the current
density being constant in the cross section of the electric arc
and the properties of the electric arc not changing over time.

5. A method for evaluating the effect of an electric
discharge on an aircraft structure according to any of the
previous claims, characterized in that the material of the
aircraft structure is modeled as a mesh (8) comprising cells
(7), said cells (7) in turn comprising a resistance (R) between
each of the cells (7) and the adjacent cells, the ends of the
mesh (8) being joined so that all of them are at the same
potential.

6. A method for evaluating the effect of an electric
discharge on an aircraft structure according to claim 5,
characterized in that the current return in the electric mesh
(8) is modeled as ground, the ends of the material thus being at
the same potential.

7. A method for evaluating the effect of an electric
discharge on an aircraft structure according to any of the
previous claims, characterized in that the contour conditions of
the material are adiabatic.

8. A method for evaluating the effect of an electric
discharge on an aircraft structure according to any of the
previous claims, characterized in that the aircraft structure is
made of a composite material.

9. A method for evaluating the effect of an electric
discharge on an aircraft structure according to any of the
previous claims, characterized in that the aircraft structure is
made of a homogenous metallic material.

10. A method for evaluating the effect of an electric
discharge on an aircraft structure according to any of the
previous claims, characterized in that the aircraft structure is
made of a composite material with a metallic material mesh on

the surface thereof.
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