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METHOD AND SYSTEM TO VERIFY THE
CALIBRATION OF A SYSTEM FOR
NON-DESTRUCTIVE TESTING

RELATED APPLICATION

[0001] This application claims priority to French patent
application 1459875, filed Oct. 15, 2014.

FIELD OF THE INVENTION

[0002] The present invention relates to a method of verifi-
cation of the calibration of a system for non-destructive test-
ing of at least one piece, such as a piece of an aircraft. In
particular the invention relates to a non-destructive testing
system using an ultrasound probe to detect defects inside of a
piece, such as a piece made of a composite material.

BACKGROUND OF THE INVENTION

[0003] Ultrasound testing is usually based on the transmis-
sion and the reflection of ultrasound waves within the mate-
rial of the piece to be tested, and the analysis of the echoes
detected in combination with the waves emitted.

[0004] Generally speaking, the verification of the calibra-
tion of such a non-destructive testing system, prior to the
testing of a piece, is carried out with the aid of a reference (or
standard) piece which is fabricated using the same material
and with the same process as the piece to be tested.

[0005] Such reference pieces are gauge blocks whose
geometry is known, controlled and regularly checked. They
have, in general, various thicknesses in order to be able to
create an amplitude-distance correction of the CAD type, and
holes with a flat bottom in order to verify the detection.
[0006] Generally speaking, the reference pieces are used to
carry out:

[0007] (i) a verification prior to each scanning of the ultra-
sound configuration (namely of an amplitude-distance cor-
rection);

[0008] (ii) a verification of detection minima. These char-
acteristics may be influenced by the ultrasound properties,
such as the frequency, the shape of the acoustic beam, the
bandwidth, and the scanning means mechanics of the non-
destructive testing system; and

[0009] (iii) a verification to ensure that the non-destructive
testing system exhibits a behavior which can be repeated over
time (by comparing mappings of the same reference piece
over time).

[0010] However, this method of verification of the calibra-
tion of the non-destructive testing system has a drawback
associated with the necessity to use such reference pieces.
Indeed, the reference pieces are very costly. Moreover, their
use in the verification of the calibration requires:

[0011] (i) the fabrication of many reference pieces;
[0012] (ii) their periodic validation; and
[0013] (iii) the fabrication of new reference pieces notably

in the case of wear or of damage.

SUMMARY OF THE INVENTION

[0014] The present invention relates to a method of verifi-
cation of the calibration of a system for non-destructive test-
ing of at least one piece, allowing this drawback to be over-
come.

[0015] A method and system have been invented and are
disclosed herein for the verification of the calibration of a
system for non-destructive testing of at least one piece using
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at least one ultrasound probe. The method, in one embodi-
ment, may include successive steps E1 to E3 of:

[0016] El-—carrying out measurements, by means of the
non-destructive testing system, on at least one reflector said to
be perfect, said perfect reflector comprising at least one ref-
erence defect, in recording the measurements thus performed,
and in creating and analyzing an ultrasound mapping of an
entry surface of the perfect reflector;

[0017] E2—determining a virtual probe, based on physical
data of the ultrasound probe, associating it with a bandwidth
representative of measurements carried out atthe step E1; and
[0018] E3—determining a virtual gauge block and a virtual
mapping (also referred to as a virtual map) in amplitude and
in time of flight of a bottom surface ofthe virtual gauge block,
by means of a modeling using, as input data for the charac-
teristics of the piece, the virtual probe determined at the step
E2 and measurements carried out at the step E1, and in ana-
lyzing said virtual mapping in order to deduce characteristics
of the calibration of said non-destructive testing system.
[0019] The verification of the calibration may be carried
out with the aid of a perfect reflector exhibiting reference
defects, which is used in combination with characteristics of
the material of the piece, via a modeling. It is thus not neces-
sary, as described below, to provide one reference piece per
type of material and per type of piece fabrication process,
which allows the aforementioned drawback to be overcome.
[0020] The method may include an additional step EOQ prior
to the step E1. The additional step EO includes determining
the characteristics of a material corresponding to that of the
piece to be tested, allowing a virtual reference piece, used at
the step E3, to be defined.

[0021] The method may further include in providing on the
perfect standard at least one reference defect chosen from
amongst: a hole with a flat bottom; a through hole; a machined
piece edge; a defect-free area; and a bead.

[0022] Furthermore, the method of verification of the cali-
bration may include one or more of the following features:
[0023] (i) the analysis at the step E1 of the ultrasound
mapping of the entry surface consists in verifying mechanical
means, e.g., the mechanical components, for the non-destruc-
tive testing system;

[0024] (ii) at the step E3, the analysis of the virtual mapping
of'the bottom surface consists in verifying whether reference
defects of the perfect reflector are present on this virtual
mapping and have been detected and in comparing the ampli-
tude of the virtual mapping with a predetermined value;
[0025] (iii) the step El is carried out with an ultrasound
probe in an initial state and a virtual mapping is generated at
the step E3;

[0026] Further, the method may include at least one step for
storing at least some of the following information: measure-
ments recorded at the step El; at least one mapping; and
properties of the ultrasound probe.

[0027] The present invention also relates to a method for
testing a piece, by means of a non-destructive testing system
comprising at least one ultrasound probe, said testing method
comprising a method of verification of the calibration of the
non-destructive testing system, such as that aforementioned.
[0028] The present invention furthermore relates to an
assembly for verification of the calibration of a non-destruc-
tive testing system, for the implementation of the aforemen-
tioned method.

[0029] The assembly may comprise: at least one perfect
reflector, comprising at least one reference defect and on
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which measurements are performed by means of the non-
destructive testing system; a recording unit configured for
recording the measurements carried out on said perfect
reflector; and a data processing unit configured for determin-
ing at least one virtual mapping in amplitude and in time of
flight by means of a modeling, based on values measured and
received from said recording unit. The at least one reference
defect of the perfect standard may be selected from: a hole
with a flat bottom; a through hole; a machined piece edge; a
defect-free area; and a bead.

SUMMARY OF THE DRAWINGS

[0030] The appended figures will allow it to be well under-
stood how the invention may be implemented. In these fig-
ures, identical references denote similar elements.

[0031] FIG. 1 is a schematic diagram of one example of
non-destructive testing system, to which the invention is
applicable.

[0032] FIG. 2 is a schematic plan view of one example of a
perfect reflector, able to be used for the implementation of the
invention.

[0033] FIG. 3 illustrates a verification assembly for imple-
menting at least one calibration verification.

[0034] FIGS. 4 and 5 are schematic flow diagrams, respec-
tively, of a calibration verification method and of a method for
non-destructive testing of a piece.

DETAILED DESCRIPTION OF THE INVENTION

[0035] FIG. 1 shows a system 1 for the non-destructive
testing of at least one piece 5. With regard to the piece, this
may, for example, be a panel of a fuselage of an aircraft, in
particular of a transport plane. The present invention is
described, by way of example, for a piece 5 made of compos-
ite material, but may also be applied to any type of material.
[0036] As shown schematically in FIG. 1, a testing system
1 of the non-destructive type comprises at least one ultra-
sound probe 2, installed on a mechanical assembly 3. The
ultrasound probe 2 emits waves in the form of an acoustic
beam whose frequency is situated within the ultrasound range
of frequencies (between 16,000 and 10,000,000 Hertz). The
mechanical assembly 3 comprises conventional devices 4
(such as an emission source, a robot, a support structure) for
generating a scanning of the ultrasound probe 2 over a piece
5 positioned on a support 6 and for adjusting its position, as
illustrated by an arrow 4A. In the example described herein-
below, the ultrasound probe 2 follows a scanning path parallel
to a surface of the piece 5.

[0037] The ultrasound probe 2 is usually characterized by
various physical properties such as the frequency, the shape,
the focal length or the bandwidth of the acoustic beam.
[0038] The testing system 1 allows a non-destructive test-
ing of a piece 5 (for example made of material composite),
notably a piece of an aircraft, to be carried out in order to
detect defects in the piece 5.

[0039] Ultrasound non-destructive testing may comprise:
[0040] (i) the emission of ultrasound waves by the probe 2
toward the piece 5 to be tested, as illustrated schematically by
an arrow Al in FIG. 1. The ultrasound waves penetrate into
the piece 5 via a first face of the piece 5, called entry surface
5A, and pass though the piece 5 up to a second face of the
piece 5, called bottom surface 5B;

[0041] (ii) the reflection of the ultrasound waves by the
piece 5 and the detection of the ultrasound reflected waves by
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the piece 5 (as illustrated by an arrow A2). These ultrasound
waves are reflected by the entry surface 5A (entry ultrasono-
graph), by the bottom surface 5B and by various elements,
such as defects, situated between the entry surface 5A and the
bottom surface 5B (bottom ultrasonograph);

[0042] (iii) the generation and the analysis of a mapping of
the amplitude of the reflected waves and time of flight of the
reflected ultrasound waves provides data representative of the
thickness of the piece 5, and of the depth and location of
features in the piece.

[0043] The testing system 1 comprises an assembly 10, as
shown in FIG. 3 may include:

[0044] (i) a data processing unit 11 comprising data pro-
cessing software (such as the application CIVA® published
by the company CEA LIST) configured for modeling a map-
ping of the reflected ultrasound waves based on characteris-
tics and properties of the material of the piece 5, such as the
type of composite material (nature of the resin, type of fiber,
drape forming sequence, density by volume of fibers) and
ultrasound characteristics of the acquisition system (which
are measured on a perfect reflector as described hereinbelow);
[0045] (ii) a man-machine interface unit 12, for example a
screen/keyboard assembly, allowing an operator to input data
into the data processing unit 11 via a link 13 notably;

[0046] (iii)) a recording unit 7 including non-transitory
memory for recording the measurements carried out by the
ultrasound probe 2 and received via a link 8 (FIG. 1) and
supplying the data recorded to the data processing unit 11,
either directly (for example via a link 14), or indirectly via the
man-machine interface unit 12; and

[0047] (iv)apresentation unit for presenting the data 15, for
example a display or printer unit, which receives the results of
the processing operations implemented by the data process-
ing unit 11 via a link 16 and displays them to an operator.
[0048] Inorder to carry out a verification of the calibration
of the testing system 1, a reflector, referred to as a perfect
reflector 9 (or standard reflector), is used and is shown by way
of illustration in FIG. 2. This perfect reflector 9 contains
reference defects C1 to C5 formed by machining (through-
hole or otherwise) whose dimensional characteristics are
known, together with areas without defects such as the area
Cé.

[0049] Inone particular embodiment, the perfect reflector 9
takes the general form of a rectangular plate, made of a
material such as glass or metal. It comprises reference defects
C1 to C5, such as:

[0050] (i) ahole with a flat bottom C1 (or through-hole), for
example 6 mm in diameter;

[0051] (iii) a machining C2 of the edge of the plate (going
through or otherwise), for example with a width of 6 mm;
[0052] (iv) a machining C3, C4 on the plate, for example
with a width of 6 mm; and

[0053] (iv) a characteristic end machining C5 (for example
with a toothed or comb shape).

[0054] Advantageously, the perfect reflector 9 can also
comprise a bead C7.

[0055] The verification of the calibration of the testing sys-
tem 1is implemented, prior to the effective testing of the piece
5, by means of the assembly 10. This verification comprises a
series of steps EO, and E1 to E3 (FIG. 4) such as:

[0056] EO: obtaining and archiving of the characteristics

and properties of a material corresponding to that of the piece
3;
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[0057] El: inspection of the perfect reflector 9, generation
and analysis of an ultrasound mapping of the entry surface of
the perfect reflector 9, referred to as entry physical mapping;
[0058] E2: creation, in the data processing unit 11, of a
probe, referred to as virtual probe, based on physical data of
the ultrasound probe 2, such as the dimensions, the geometry,
and other parameters, associating the virtual probe with a
bandwidth, representative of the measurements carried out at
the step E1; and

[0059] E3: modeling, by the data processing unit 11, of a
virtual gauge block and mapping in amplitude and in time of
flight of the bottom surface of the virtual gauge block,
referred to as virtual base mapping.

[0060] The step EOis a step that may be implemented prior
to the effective verification of the calibration. This step EO
allows to obtain and to archive characteristics and properties
of the material of the piece 5 to be tested later on, notably in
the form of a matrix of coefficients Cij. The coefficients Cij
relate to a constant of elasticity and correspond to the various
values of a matrix used for mathematically re-transcribing the
mechanical behavior of the material.

[0061] This step EO may be implemented on a character-
ization test bench or by means of an inverse method (starting
from real ultrasound data obtained on a single reference piece
per material and per process). Step EO is implemented once.
The characteristics of the material of the piece 5 may be
obtained in a centralized manner in a specific site or labora-
tory which archives them and subsequently supplies them to
the various users carrying out non-destructive testing pro-
cesses by means of a testing system 1.

[0062] This step EO allows a virtual reference piece to be
defined in the data processing unit 11 whose material prop-
erties and characteristics, namely for a composite material,
nature of the fibers, type of resin, drape forming sequence and
fiber density by volume are known and can be used as input
parameters.

[0063] The step EO thus allows:

[0064] (i) the characteristics and properties of the material
and the matrix of the coefficients Cij to be obtained and
archived, these operations being carried out only once for a
given material and the results being re-used every time a
verification of the calibration for testing a piece 5, composed
of said given material, is implemented; and

[0065] (ii) the creation ofa virtual reference piece, recorded
in the data processing unit 11.

[0066] Furthermore, the steps E1 to E3 are carried out in the
framework of a non-destructive testing of a piece 5.

[0067] The step E1 includes measuring and recording the
measurements of an inspection of the perfect reflector 9, by
scanning the ultrasound probe 2 over the perfect reflector 9,
positioned on the support 6. The signals from the entry ultra-
sonograph (conventionally called “A-Scan” signals) at each
point of the entry surface are processed by the data processing
unit 11 (and notably the data processing software), which
generates (or creates) a mapping of the entry surface of the
perfect reflector 9, called entry physical mapping.

[0068] The analysis of the entry physical mapping consists
in identifying, where they exist, one or more areas of the entry
surface not having been (or only partially) scanned by the
beam of ultrasound waves owing to a mechanical fault in the
means 4, such as the system for emission or for scanning of
the beam (shift of'an axis for example) of the ultrasound probe
2. The analysis of the “A-Scan” signals from the areca C6
supplies information on the frequency content of the probe 2.
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Advantageously, the analysis of the entry physical mapping
of the bead C7 validates the physical properties of the ultra-
sound probe 2 and allows any potential mechanical anomalies
to be identified in the system for focusing the beam of ultra-
sound waves emitted by the ultrasound probe 2.

[0069] Inthestep E2, a virtual probe is generated in the data
processing unit 11 and, more particularly, in the data process-
ing software. This virtual probe has the same physical char-
acteristics (dimensions, geometry of the various mechanical
elements and identification of the activated elements in the
case of a multi-element probe) as the ultrasound probe 2.
Advantageously, the generated virtual probe is archived in the
data processing unit 11, and this step E2 is only carried out
when the ultrasound probe 2 is replaced or when it is desired
to compare the state of the ultrasound probe at a given
moment in time with respect to a preceding state.

[0070] A wvalue of bandwidth (and of central frequency
where necessary) of the virtual probe thus created is deter-
mined in the data processing software at each calibration. The
input value corresponds to the value of the bandwidth of the
measurements carried out at the step E1. During the step E3,
the data processing software models a virtual gauge block
representing a piece made of the material of the piece 5
comprising the reference defects of the perfect reflector 9
(this virtual gauge block corresponds to a gauge block con-
ventionally used in the prior art). For this purpose, the data
processing software uses:

[0071] (i) the characteristics of the material of the piece 5
obtained at the step EO;

[0072] (ii) the measurements carried out and recorded at the
step E1; and

[0073] (iii) the virtual probe generated at the step E2.
[0074] The software subsequently generates a virtual map-

ping in amplitude and in time of flight of the bottom surface
of the virtual gauge block, called virtual base mapping. The
analysis of the virtual base mapping (also referred to as virtual
mapping of the bottom echography) verifies that the various
reference defects of the perfect reflector 9 are present on this
mapping and have therefore been detected (during the mea-
surement in E1 and during the modeling). If necessary, the
dimensional characteristics of the defects present on the vir-
tual mapping (of the echography) of the bottom are measured
and compared with the known dimensional characteristics of
the reference defects of the perfect reflector. Furthermore, the
amplitude of the virtual base mapping is compared with the
expected value (for example 80%) and its uniformity is
checked.

[0075] Inone variant embodiment of the verification of the
calibration, the step E1 is carried out when the ultrasound
probe 2 is in its initial state, for example after purchase,
installation and adjustment on the non-destructive testing
system 1. In this variant, the measurements carried out on the
perfect reflector 9 are used during the step E3 and will allow
an initial virtual base mapping to be generated, which will be
able to be used as reference during later calibrations.

[0076] The usual calibration is thus replaced by a method
based on a modeling and the scanning of a perfect reflector 9
exhibiting standard (or reference) defects, for acquiring and
verifying the quality of the measurement (uniformity of the
amplitude) and the mechanical behavior of the ultrasound
probe 2 and of the mechanical assembly 3. The perfect reflec-
tor 9 is more stable over time and less costly to produce.
Moreover, the characteristics and properties of the material of
the piece 5 are stored in the data processing unit 11 (or in a
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storage unit 17 described herein below) and re-used at each
calibration. Thus, this solution allows the systematic need for
a standard piece (or gauge block), formed with the same
material and process as the piece 5 to be tested, to be largely
obviated.

[0077] Depending on results of the verification of the cali-
bration, implemented by means of the verification assembly
10, various actions may be envisioned. By way of illustration:
[0078] (i) if the calibration falls within predefined accept-
able limits, the probe 2 and the testing system 1 are consid-
ered as compliant for the testing of the piece 5;

[0079] (ii) if a slight calibration defect is observed, with
small variations, a software compensation of the measure-
ments can be applied;

[0080] (iii) if the calibration defect remains limited, it may
also be envisioned for a correction of the mechanical adjust-
ment of the probe 2 to be carried out; and

[0081] (iv)ifa significant calibration defect is detected, the
probe 2 may be replaced by another probe, and subsequently
the calibration of this new probe verified.

[0082] In one particular embodiment, the assembly 10 also
comprises, as shown in FIG. 3, the storage unit 17 for storing
the various data from the verification of the calibration of the
ultrasound probe 2 received from the recording unit 7 via a
link 18, such as the properties of the probe 2, the parameters
of'the measurements performed and the mappings generated.
This storage unit 17, which includes a non-transitory elec-
tronic memory, thus allows any potential variations of the
testing system 1 over time to be evaluated and characterized.
[0083] The method for non-destructive testing of a piece 5,
implementation by means of the testing system 1, comprises
the following successive steps F1 to F4, shown in FIG. 5:
[0084] F1 preparation of the test, including: cleaning the
piece 5 (such as scouring to optimize the wettability of the
piece), and arranging the elements of the testing system 1;
[0085] F2 verification of the calibration of the ultrasound
probe 2, such as described hereinabove and notably compris-
ing the aforementioned steps E1 to E3;

[0086] F3inspectionand analysis ofthe piece5, identical to
the inspections and analyses conventionally carried out, with
a scanning of the piece 5 and recording of the bottom ultra-
sonograph, and potentially of the entry ultrasonograph, by
means of the recording unit 7.

[0087] An analysis is performed of the mappings of the
piece 5 in amplitude, in order to verify that the amplitude is
uniform and has the desired value (for example 80%); an
analysis is also performed of the mappings of the piece 5 in
time of flight, so as to verify the presence or the absence of
defects; and

[0088] F4 is an end-of-test step comprising removal of the
piece 5 from the testing system 1; and where necessary,
dismantling of the elements of the testing system 1.

[0089] While at least one exemplary embodiment of the
present invention(s) is disclosed herein, it should be under-
stood that modifications, substitutions and alternatives may
be apparent to one of ordinary skill in the art and can be made
without departing from the scope of this disclosure. This
disclosure is intended to cover any adaptations or variations
of the exemplary embodiment(s). In addition, in this disclo-
sure, the terms “comprise” or “comprising” do not exclude
other elements or steps, the terms “a” or “one” do not exclude
a plural number, and the term “or” means either or both.
Furthermore, characteristics or steps which have been
described may also be used in combination with other char-
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acteristics or steps and in any order unless the disclosure or
context suggests otherwise. This disclosure hereby incorpo-
rates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

The invention is:

1. A method of verification of the calibration of a system for
non-destructive testing of at least one piece, said system for
non-destructive testing comprises at least one ultrasound
probe, and the method includes successive steps E1 to E3
which comprise:

El1—in carrying out measurements, by means of the non-
destructive testing system, on at least one perfect reflec-
tor including at least one reference defect, recording the
measurements, and creating and analyzing an ultra-
sound mapping of an entry surface of the perfect reflec-
tor;

E2—in determining a virtual probe, based on physical data
of the ultrasound probe, associating the virtual probe
with a bandwidth representative of measurements car-
ried out at the step E1; and

E3—modeling a virtual gauge block and creating a virtual
mapping in amplitude and in time of flight of a bottom
surface of the virtual gauge block, using as input data
characteristics of the piece, the virtual probe and mea-
surements carried out in the step E1, and

analyzing said virtual mapping to deduce characteristics of
the calibration of said non-destructive testing system.

2. The method according to claim 1, further comprising
determining a characteristic of a material of the at least one
piece to be tested and using the characteristic to define a
virtual reference piece.

3. The method of claim 1, wherein step E1 includes veri-
fying a mechanical component of the non-destructive testing
system.

4. The method of claim 1 wherein the analysis of the virtual
mapping in step E3 includes analysis of the virtual mapping
of the bottom surface to verify whether reference defects of
the perfect reflector are in virtual mapping and to compare the
amplitude of the virtual mapping with a predetermined ampli-
tude value.

5. The method of claim 1 wherein step E1 is performed
with the ultrasound probe in an initial state and the virtual
mapping generated in step E3.

6. The method of claim 1 wherein the perfect reflector
includes at least one reference defect that is at least one of: a
hole with a flat bottom; a through hole; a machined piece
edge; a defect-free area, and a bead.

7. The method of claim 1 further comprising storing at least
some of the following information: measurements recorded
at the step El; at least one of the virtual mappings, and
properties of the ultrasound probe.

8. A method for testing a piece, using the non-destructive
testing system including the at least one ultrasound probe,
wherein the method includes the method for verification of
the calibration of the non-destructive testing system accord-
ing to claim 1.

9. An assembly for verification of a calibration of a non-
destructive testing system comprising:

at least one perfect reflector comprising at least one refer-
ence defect, and on which measurements are to be per-
formed by means of the non-destructive testing system;

a recording unit configured for recording the measure-
ments carried out on said perfect reflector; and
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a data processing unit configured for determining at least
one virtual mapping in amplitude and in time of flight by
modeling, based on values measured and received from
said recording unit.

10. The assembly according to claim 9, wherein said at
least one reference defect of the perfect standard includes at
least one of:

a hole with a flat bottom;

a through hole;

a machined piece edge;

a defect-free area, and

a bead.

10. A method of verification of a calibration of a system for
non-destructive testing of at least one piece, wherein the
system for non-destructive testing includes at least one ultra-
sound probe, and the method comprises:

El—measuring, using the non-destructive testing system,

at least one perfect reflector including at least one refer-
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ence defect, recording the measurements of the perfect
reflector, and creating and analyzing an ultrasound map
of an entry surface of the perfect reflector;

E2—determining a virtual probe, based on physical data of
the ultrasound probe, and associating the virtual probe
with a bandwidth representative of the measuring in step
El, and

E3—modeling a virtual gauge block and creating a virtual
mapping of amplitude and time of flight with respect to
a bottom surface of the virtual gauge block, using as
inputs data characteristics of the at least one piece, and
using the virtual probe and using the measurements
taken the step E1, and analyzing said virtual mapping to
determine at least one characteristic of the calibration of
said non-destructive testing system.
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