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GARMENT INCORPORATING A NON DESTRUCTIVE CONTROL SYSTEM

This invention falls within the field of non-destructive testing, and more
generally of maintenance. It relates more specifically to a garment incorporating

all the functions required for non-destructive testing.

The garment according to the invention finds application in all the fields
in which it is necessary to carry out tests, on parts or all types of materials,
using non-destructive technologies, e.g. thickness measurements, corrosion
detection tests, etc. The aeronautics, aerospace, construction, civil
engineering, nuclear and naval fields can be cited in particular, this list being in

no way exhaustive.

In such fields, in order to carry out the non-destructive testing the
operators must frequently travel great distances and/or move in areas difficult
to access. In the aeronautics field in particular, inspection operations on the
final assembly lines, whose dimensions are increasingly large, require traveling
great distances. Some inspection operations in areas difficult to access, such
as an aircraft's tail, require the use of harnesses to bring the operator to the
area where the test must be carried out. The same is true, for example, for the
inspection of launchers in the aerospace field, or even of bridges in the
construction and civil engineering sector. In other cases, the inspection must be
carried out in areas that are difficult to access because they are very confined

and narrow, e.g. in manholes.

The existing non-destructive testing systems typically comprise a
plurality of elements, principally an electronic measurement module linked to
one or more measurement sensors, which permits non-destructive
measurements, of a predefined type according to the application envisaged, to
be taken, e.g. by ultrasound or by eddy currents; an electronic card, or
motherboard, for generating control signals towards the measurement module,
and for receiving and processing signals transferred from the latter; an

electrical power supply source and a viewing and control screen, these various
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elements being linked operationally to one another by electrical and electronic
connecting cables. This equipment is cumbersome, heavy (of the order of 6 to

10 kg) and not very suitable for mobile use.

Currently all of this equipment is transported by the operator either in
cases or by hand. For the actual inspection, the operator is frequently
compelled to carry the equipment with one arm, the other arm being used to
hold the measurement sensor and to adjust parameters. It is easy to
understand that, in certain environmental conditions, the operator's task is thus
difficult and uncomfortable. In extreme cases, this hinders the very quality of
the inspection.

This invention aims to improve the working conditions for non-
destructive testing operators and consequently both the quality of the
inspections and the safety of the operators and thus, generally, safety in the
field in question, e.g. the aeronautics field.

Non-destructive testing is defined in a conventional way in this
description, i.e. as a test carried out on parts or structures external to the
operator, and intended to provide information about the health of these parts or
structures, more specifically about their integrity and/or their compliance with
material quality requirements, without resuiting in alterations potentially harmful
to their subsequent use. Non-destructive testing thus makes it possible to
highlight defects likely to affect the availability, safety of use and, more
generally, the compliance of the part or structure with its intended use. As an
example, the non-destructive testing system according to the invention thus
makes it possible to identify defects not visible on the parts, such as cracks,
delaminations in composite materials, bonding defects between the parts, or a

porosity defect for a resin in a composite material.

Non-destructive testing according to this invention utilizes a handheld

non-destructive measurement sensor for taking the measurements.

To this end, according to the invention a system is proposed for the

non-destructive testing of a part, which comprises as constituent elements, in a
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way that is standard in itself, a non-destructive electronic measurement device
able to be connected to a non-destructive measurement sensor, which is of the
type intended to be held in the hand for taking test measurements, and linked
to an electronic control card itself linked to an electrical power supply source
and to a viewing and control screen, and connecting cables for electrically and
electronically linking said constituent elements to one another. These
constituent elements and these connecting cables are incorporated into a vest

type of garment.

The various constituent elements of the system according to the
invention, in particular the electronic measurement device, are specific to the
non-destructive testing and are known to the person skilled in the art. The
electronic measurement device is thus of the type able to send an excitation
signal to the measurement sensor so as to generate a stimulus in the part, and
to process and interpret a resulting signal, received in return from the part by
the measurement sensor. The electronic measurement device, as well as the
measurement sensor to which it is intended to be linked, are designed, in a way
that is standard in itself, to allow active measurements of the part's health, i.e.
by stimulating the latter and measuring its response to this stimulation, in
contrast to a simple passive measurement of a physical characteristic of a
material (such as its temperature, thickness, etc.). The electronic measurement
device comprises in particular a transmitting part and a receiving part, designed

according to the specific type of non-destructive measurement envisaged.

The operator wearing such a garment advantageously no longer needs
to carry the constituent elements of the testing system in his arms in order to
move and carry out the inspection operations. Both hands remain permanently
free to first set the measurement parameters and second hold the sensor while
the actual inspection operations are implemented, and at the same time to
ensure his safety. The operator's safety and comfort are thus improved,
regardiess of the external environment, and, as a result, the quality of the

inspection measurements is also improved.

According to an advantageous feature of the invention, for each
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measurement sensor, a connecting cable linking the electronic measurement
device and the sensor comprises, at an end to be connected to the sensor, a
connector placed on the outside of the vest, preferably on one of its sleeves,
and more preferably close to the wrist. Such a feature is particularly
advantageous, in particular since it allows the operator, at the time when the
inspection operations are to be carried out, to connect the measurement
sensor, intended to be held in the hand for taking measurements, as close as
possible to the hand.

According to preferred embodiments, the invention also presents the
following features, implemented separately or in each of their technically
possible combinations.

In preferred embodiments of the invention, the electronic measurement
device, electronic card, electrical power supply source and the connecting
cables are arranged on a surface, called the inside surface, of the vest, which
is defined as the surface intended to be placed facing a user's body, so that

these elements are advantageously protected from the external environment.

This invention also advantageously provides for these constituent
elements to be distributed on the vest so that the weight to be carried by the
user is uniformly distributed.

In this regard, according to an advantageous feature of the invention,
the system comprises an adjustment device for adjusting the position of the
electrical power supply source in the vest. This device advantageously allows
the operator to adjust the position of the power supply source, which is the
heaviest element of the system, on the vest according to his particular
morphology, and to the configuration of the area to be inspected, so as to
provide him with the highest comfort of use. In particular, this device
advantageously allows the operator to adjust the position of the electrical power
supply source during the inspection, for example to switch it from the back to
the front, so as to find the most comfortable position possible for carrying out
the inspection.
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Preferably, this adjustment device comprises means of guiding the
movement of the electrical power supply source between defined positions on
the vest, and means for the reversible immobilization thereof in each of these
defined positions.

Generally, the constituent elements of the non-destructive testing
system according to the invention are chosen so as to present the smallest

possible weight, size and electrical consumption.

In preferred embodiments of the invention, the vest comprises an outer
cover and a removable inner lining, and the electronic measurement device,
electronic card, electrical power supply source and connecting cables are

arranged between this outer cover and inner lining.

In order to achieve an objective of the invention, which is to propose a
non-destructive testing system having high ergonomics of use, according to an
advantageous feature the vest comprises, on a surface called the outside
surface opposite an inside surface intended to be placed facing the user's
body, a pocket for receiving a viewing and control screen. The vest is also
pierced, inside this pocket, by a hole for the passage of a connecting cable
linking the screen and the electronic card. The screen, kept in this pocket while
moving, is thus easily and directly accessible for the operator wearing the vest
when inspection measurements need to be taken. It can then be taken out of
the pocket to be used. Preferably, the pocket is provided in its interior with

means of protecting the screen. For example, it is padded with foam.

In preferred embodiments of the invention, in a variant to or in
association with the above feature, a viewing and control screen is incorporated
into a sleeve of the vest, so as to be visible and usable at any time by the
operator wearing the vest.

According to an advantageous feature of the invention, the vest
comprises, on a surface called the outside surface, a pocket for receiving a
measurement sensor, in which the latter can be stored outside the times when

inspection operations are implemented.
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In preferred embodiments of the invention, the system comprises a
plurality of sensors and the vest comprises a plurality of corresponding
receiving pockets.

In preferred embodiments of the invention, the system also comprises
lighting means arranged on a surface called the outside surface of the vest,
preferably on one of its sleeves, so as to provide localized lighting targeted on
the inspection site. The lighting means can also, for example, be located on a
vest collar to obtain more overall lighting for the user wearing the vest. Such a
feature is especially advantageous for an inspection in dark confined areas.
These lighting means are preferably controlled by manual means of switching
on and off also arranged on an outside surface of the vest, and connected to
the system's electronic card for their power supply.

The garment incorporating a non-destructive testing system according
to the invention, responding to one or more of the above features, is especially
suitable for mobile use. It notably offers the advantage of high ergonomics of
use, both for journeys to inspection sites and for carrying out the inspection
measurements themselves. It makes it possible to reduce the time required for
each test, and notably provides an increased level of safety for the operators
and increased reliability for the measurements taken.

The invention will now be described more precisely in the context of
preferred embodiments that are in no way limiting, shown in figures 1 to 3, in
which:

- figure 1 schematically represents the inside surface of a garment
incorporating a non-destructive testing system according to an example of
realization of the invention, in an unfolded position, without connecting cables
between the various constituent elements;

- figure 2 illustrates the cable links between the various constituent
elements of the garment of figure 1;

- and figure 3 shows an overall outside view of a garment according

to an example of realization of the invention.

The non-destructive testing system according to the invention
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the system allowing inspection measurements to be taken are incorporated.

The vest 1, shown in figure 1, comprises a main body 2, intended to
cover a user's torso, and sleeves 3, 3. In this figure 1, the vest has been
shown flat in an unfolded position, with the sleeves 3 separate from the body 2
for greater clarity.

The body 2 of the vest is in the form of an outer cover made of textile
material, preferably an impermeable material with high mechanical resistance
and able to dissipate heat. This cover comprises a surface, called the inside
surface, 4, which is the surface visible in figure 1 and is intended in working
conditions to be placed facing the user's body, and an opposite outside surface
5, visible in figure 3.

The vest 1 also comprises a removable inner lining, placed facing the
inside surface 4 of the outer cover. For reasons of clarity, this inner lining has
not been shown in the figures. It is made of a textile material, preferably an

aerated material allowing perspiration to be removed.

The constituent elements of the non-destructive testing system

allowing test measurements to be taken are incorporated in the vest 1.

Against the inside surface 4 of the outer cover 2, between the latter
and the inner lining, an electronic control card 20, or motherboard, an electrical

power supply source 21 and an electronic measurement device 26 are fixed.

These elements are advantageously arranged in a distributed way
over the width of the vest, as shown in figure 1, so as to balance the weight of

the vest as well as possible over its whole circumference.

The electronic card 20 is, for example, placed in an inner pocket of the
outer cover 2. In general, it is chosen so as to be light and compact, to have
low electrical power needs, and to allow multiple connectors to be connected.
This electronic card is dedicated to controlling the non-destructive testing

electronics, and also to processing the inspection results.
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The electronic card 20 is powered electrically by the electrical power
supply source, or portable electrical battery 21. The latter is standard in itself,
and chosen in accordance with the invention to present the best possible

compromise between weight and operational autonomy.

The vest 1 is provided with a device for adjusting the position of the
electrical battery 21, which preferably comprises means of guiding the
movement of the battery between defined positions against the surface of the
outer cover 2, and means of reversible immobilization at each of these
positions.

As a non-limiting example, this device comprises a guide rail 22, fixed
against the inside surface 4 of the outer cover 2, preferably substantially
parallel to a lower edge 6 of the latter, i.e. in a normal position of use for the
vest, substantially horizontal. On its face facing the outer cover 2, the battery
21 is equipped with a hook 23 engaged around the guide rail 22, so that it is
able to slide along it.

The reversible immobilization of the battery 21 at different positions
along the rail 22 is provided by co-operating assembling means fixed on the
outer cover 2 and on the battery 21 respectively. These assembling means are
notably of the self-gripping type. In the preferred embodiment represented in
figure 1, the outer cover 2 comprises, always on its inside surface 4, a band 25
of the type with loops or hooks fixed substantially parallel to the rail 22, and
preferably covering the latter's entire length. On the underside, the battery 21 is
fitted with a band 25 of the type with complementary hooks or loops, allowing it
to be fixed in the desired position by simply exerting pressure on it in the
direction of the outer cover 2, against the latter.

The vest 1 also comprises an electronic measurement device 26, for
example placed in an inner pocket. This device can be of any type known to the
person skilled in the art, who will choose it depending on the application in
question, associated with one or a plurality of appropriate measurement
sensors. In particular, it can be a device for measurement by ultrasound or, for

example, by eddy currents. In the context of the invention it is especially
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advantageous to choose a compact, light electronic device with low power
consumption. This electronic device 26 is connected to the motherboard 20,
which firstly performs its parameterization and secondly receives the
measurement data obtained therefrom. A measurement device such as the one
described in patent document FR-A-2 874 689 is in particular especially

suitable for use in the context of the system according to the invention.

The system also comprises a control and viewing screen 27, for
parameterizing the measurements to be taken by the operator and displaying
the results of these measurements.

This screen 27 is placed, relative to the vest 1, so that it can be easily

operated by the operator and be visible during the measurement operations.

In variants of the invention, this screen is mobile and linked to the
electronic card 20 by a very long cable connection, so that it can be moved a
distance away from the vest 1 to ensure convenience of use. On its outside
surface 5 the vest 1 is fitted with a pocket 7 to receive the screen, e.g. on the
front of the vest on the chest. The screen 27 can be stored conveniently in the
pocket 7, from which it is removed when it needs to be used. This pocket is

preferably lined with a protective layer, e.g. made of foam.

In other variants of the invention, which are not incompatible with the
previous ones, the screen 27 is a flexible and/or touch screen which is

incorporated into the outer cover 2, e.g. on one of the vest's sleeves.

The vest 1 also incorporates lighting means, for example in the form of
light-emitting diodes 28, which are arranged so as to illuminate the exterior
from the outside surface 5 of the vest, preferably at one or each of the two
sleeves 3, 3’ of the vest, and close to the wrist. These diodes advantageously
allow the operator to light the area in which he is taking measurements, near
his hand holding the measurement sensor, without generating any particular
constraint for him. The diodes 28 are associated to means of controlling their
switching on and off, placed close to them, e.g. on the sleeve 3, so as to be

easily accessible to the user wearing the vest.
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The electrical and electronic connecting cables for connecting the
various constituent elements above are shown in figure 2. In general, these
cables are made of textile materials and are flexible and flat. If necessary, they
can be stitched against the inside surface 4 of the outer cover 2, to minimize
the risks of deterioration when the vest is handled.

A first cable 31 links the battery 21 to the electronic card 20.

The latter is also linked, firstly, to the screen 27 by a cable 32 and,

secondly, to the electronic measurement device 26 by a cable 33.

The outer cover 2 is pierced, inside the pocket 7 receiving the screen
27, by a hole 8 for the passage of the cable 32 from the inside to the outside of
the vest.

The electronic card 20 is also linked, by cables 33, 33’, to the diodes
28, 28’ arranged respectively on the sleeves 3, 3’ of the vest.

The whole is completed by at least one cable 34 intended to link the
electronic measurement device 26 to a measurement sensor. This
measurement sensor, which is not shown in the figures, is standard in itself and
chosen according to the application envisaged. It is a handheld type of sensor,
i.e. sensors that are held in the hand to bring them close to the area where the
test must be carried out. At its end to be connected to the sensor, the cable 34
is terminated by a connector 35 placed on the vest so as to be accessible, for
connection, from outside the vest. This connector is preferably placed at a
sleeve 3, preferably close to the wrist, i.e. as close as possible to the hand that

will hold the sensor during measurement operations.

In preferred embodiments the invention also provides for the electronic
measurement device 26 to be associated in this way to a plurality of cables to
be linked to measurement sensors, and preferably to cables 34, 34
respectively ending on each of the sleeves 3, 3’ of the vest, so as to allow easy
use for any operator, whether left- or right-handed.

The connector 35 has been shown in figure 3, which illustrates an

example of realization of a vest 1 according to the invention, closed, in an
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overall view. The connector is visible through a window 9 made in the outer

cover 2 on the sleeve 3, at the end of the connecting cable 34.

The vest 1 also comprises on its outside surface 5, preferably on the
sleeve 3, as shown in figure 3, a pocket 10 for receiving a measurement sensor
to be linked to the electronic measurement device 26 at the time of the
inspection.

The vest can also comprise other pockets 11, for receiving any other

element of use for the inspection, e.g. additional sensors.

With an appropriate choice of the constituent elements, the weight of
this vest is limited, and may be as low as 2 kg.

When the operator has to carry out non-destructive testing operations,
e.g. measuring the thickness of a part, he puts on the vest 1. His journey to the
area where the inspection must be carried out is made easier by the fact that
the weight to be carried is distributed around his body. His hands remain free,
so that he can easily enter cramped or dangerous areas under improved safety
conditions.

The constituent electronic elements of the testing system are also
protected between the outer cover and the inner lining of the vest.

When the operator gets ready to take the inspection measurements,
he takes the sensor out of its receiving pocket 10 and connects it to the
appropriate connector 35. He also takes the control and viewing screen 27 out
of its receiving pocket 7 and, after placing it in the most suitable place for its
use, he sets the measurement parameters. He switches on the diodes 28, if
required, and then he has both hands available to hold the sensor and at the
same time ensure his own safety. As the cable 34 for linking the sensor to the
electronic measurement device 26 is entirely on the inside of the vest 1,
protruding only at the wrist in the window 9, it advantageously does not hinder
the operator in his movements. The measurements are thus taken under the

best possible conditions, thereby increasing their reliability.

Once the measurements are complete, all that remains is for the
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operator to put the sensor and screen back in place in the vest and return to
the workstation, where the inspection data will be transferred from the

electronic card 20 to a computer provided for this purpose.

The above description clearly illustrates that, through its various
features and their advantages, the present invention realizes the objectives it
set itself. In particular, it provides a non-destructive testing system that,
compared to the systems of the prior art, provides improvements in terms of

time, safety and comfort for the user, and reliability of the measurements taken.
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CLAIMS

1. Non-destructive testing system, comprising as constituent elements a
non-destructive electronic measurement device (26) able to be connected to a non-
destructive measurement sensor of the type intended to be held in the hand for
taking test measurements, and linked to an electronic card (20) itself linked to an
electrical power supply source (21) and to a viewing and control screen (27), and
connecting cables for electrically and electronically linking said constituent elements

to one another, wherein:

- said constituent elements and said connecting cables are incorporated into

a vest type of garment (1),

- wherein a connecting cable (34) for linking the electronic measurement
device (26) and a measurement sensor comprises, at an end to be connected to said
sensor, a connector (35) placed on the outside of the vest (1), on a sleeve (3) of said

vest,

- and said system comprises an adjustment device for adjusting the position
of the electrical power supply source (21) in said vest (1), said adjustment device
comprising means (22, 23) of guiding the movement of said electrical power supply
source (21) between defined positions on the vest (1), and means (24, 25) of

reversible immobilization in each of said defined positions.

2. System according to claim 1, wherein said connector (35) is placed on

said sleeve (3) close to the wrist.

3. System according to claim 1 or 2, characterized in that the electronic
measurement device (26), electronic card (20), electrical power supply source (21)
and the connecting cables are arranged on a surface called the inside surface (4) of

said vest (1) intended to be placed facing a user's body.
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4. System according to claim 3, characterized in that said vest (1)
comprises an outer cover (2) and a removable inner lining, and in that the electronic
measurement device (26), electronic card (20), electrical power supply source (21)

and connecting cables are arranged between said outer cover and said inner lining.

5. System according to any one of claims 1 to 4, characterized in that the
vest (1) comprises, on a surface called the outside surface (5), a pocket (7) for
receiving a viewing and control screen (27), and in that said vest is pierced, inside
said pocket, by a hole (8) for the passage of a connecting cable (32) linking said
screen and said electronic card (20).

6. System according to any one of claims 1 to 5, characterized in that a

viewing and control screen is incorporated into a sleeve (3) of said vest (1).

7. System according to any one of claims 1 to 6, characterized in that the
vest (1) comprises, on a surface called the outside surface (5), a pocket for receiving

said measurement sensor.

8. System according to any one of claims 1 to 7, characterized in that it
comprises lighting means (28) arranged on a surface called the outside surface (5) of
the vest (1), preferably on a sleeve (3) of said vest.



