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SUMMARY

An investigation of two nondestructive methods r@dbunds and infrared
thermography) is carried out. The defect detechgrboth methods is first examined.
The determination of the position and the dimersiare then studied. And finally, the
feasibility and the time of the experimental pratiosetting up are analysed. The aim is
to compare two nondestructive methods: ultrasoandsinfrared thermography applied
to composites samples. So, three different spesnaea tested. It appears that the
majority of the defects is detected very quicklyhinfrared thermography compared to
ultrasounds method. However, certain defects areisible by thermography IR.
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I ntroduction

Aeronautical composite components are subjecteexteeme conditions which may
cause in-depth defects such as cracks, delaminatiéor safety reasons, it is necessary
to detect these defects in order to repair, todfoede or to change the damaged parts. So
it is important to use nondestructive methods teadhem in a fast and easy way. The
repair or the reinforcement of aeronautical strtegtucan often be carried out on the
plane. Thus, it is interesting to detect defectsiin. Thanks to thermography IR, it is
possible to analyze structures on plane.

In the present work, an investigation of two nomdesive methods (ultrasounds and
thermography IR) is carried out. The first partloé study consists in detecting defects
by two nondestructive methods. So, three specimetiis different defects are tested.
The aim of the second part is to determine thetiposand the dimensions of defects by
ultrasounds and thermography IR. So the parametaened by both nondestructive
methods are compared to the theoretical dimensibdefects. And finally, the setting
up of experimental protocols and the test timesaar@yzed according to the applied
method.



Material

The specimens are carried out from 8 woven plielsordepoxy composite. Specimens
are rectangular plates with a thickness almostldqu&i8 mm. Different known defects
are inserted in the specimens.

Properties

The use of infrared thermography and ultrasoundgires some mechanical and
thermal properties which are mentioned in Table 1.

Table 1: Mechanical and thermal properties in casitpdl].

Density | Young's| Specific Thermal Thermal Celerity
modulus heat conductivity | expansion -1
Hicient (m.s”)
(GPa) | (J.kg K?) | (w.mlk?h) | Ccoeticen
(10°.K™
Composite| 1.4-1.7| 129-154  902-103f 3.9-6.6 -0.8416 | 2600-270(
Geometries

Three specimens with different defects are testeglX).

A specimen

B specimen

C specimen

Figure 1: Geometries of the three tested specimens.



A and B specimens have approximately the same diimes. They are 150 mm long

and 100 mm wide. However defects are different. défect present in A specimen is a
delamination located in the middle of the plate.isTdefect was experimentally

produced. The defect in B specimen is a peel mgted between two plies. This defect
was intentionally inserted in the composite. Softhren and the position of the defect
are well known.

Dimensions of C specimen are 170 mm long and 150 wide. Several identical
defects are present in the composite. The pos@iahthe diameter of the defects are
plotted in Figure 2. The defects are Teflon codibde glass. These defects were

intentionally inserted in the composite.
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Figure 2: Geometry of C specimen defects.

Ultrasounds

The ultrasounds method consists in analyzing tlopaation of the high-frequency
mechanical sound waves inside material [2]. In ,fdor high frequencies, the
ultrasounds do not propagate in the air. The reftbsound waves enable to identify
defects inside material. Thus the position, thetllepd the shape of the defects can be

determined.

Experimental Procedure

A transducer connected to a portable sound encodided Omniscan enables to
propagate the sound waves in the material andpiueathe reflected waves (Fig. 3). In
order to improve the propagation of the sound wasegel is applied to the materiel.
The ultrasounds tests are performed at 5 MHz weéthrity equal to 2600 mi’s A first
fast ultrasounds test is carried out to adjusstifevare parameters in order to detect the
most precisely possible the defects in the tespatisien. The operator moves the
transducer on all the surface of the specimen aokis| at the reflected sound signals.
For the tested specimen size, the ultrasoundsléestapproximately 30 min.



Figure 3: Ultrasounds device.

Results
The ultrasounds tests are highlighted defectsarthiree tested specimens (Fig. 4).

1 Side (B (1)_Chanir

Astan 67,11 £an P1-P1-L000-D Bal. 007200 mm In. 0050.00 mm

a) A specimen

Actan Gr. 1 Can ;P1-PT.U00.0-0 Bal. :0150.00 mn 1. ;007350 mn

c) C specimen

Figure 4: Defects in the three tested specimens.




For A specimen, the delamination was not detecjedltbasounds on the face opposed
to the impact. In fact, the fibres are pulled oMir is thus present between fibres.
Consequently the sound waves do no propagate. Emgume 4 a), the observed defect
is the impact. The ultrasounds limit is reachedvéttheless, dimension and localisation
are determined. The defect is circular and the ditamis equal to around 22+0.25 mm.
It is located 73+0.25 mm from the right side aldhg x axis and 50+£0.25 mm from the
bottom along the y axis.

For B specimen, the defect is located at 1+0.25 depth (Figure 4 b)). Defect
dimensions are 89+0.25 mm long (x axis) and 80+m2&bwide (y axis). It is located at
the plate centre.

With ultrasounds, defect diameters are always ctenated compared to theoretical
diameters inserted in the C specimen. The smalléehe defect diameter, the more
important is the error. For the defects which aram in diameter, the error is equal to
100%. For the defects which are 15 mm in diameter,error is equal to 13%. The
errors can be explained by the dilatation of thages (Figure 4 c)). The same remarks
can be made for the defect position. However, ther ealue is a little weaker for the
position along the y axis than the ones along tlexig. In this case, the defect size is
not considered any more. Only the defect alignneetdéiken into account. The defects
depth was also determined. However, it is veryialift to calculate the errors on the
defects depth. In fact, the theoretical value ef defects depth is not well-known. The
defects are located respectively at 2 plies, 4spdied 6 plies. In theory, the plies are
0.25 mm in thickness but in practice, it is difficto have exactly 0.25 mm. The plies
thickness varies from 0.25 to 0.35 mm. This vasiatcomes from the composite
compaction during manufacture. Thus, only an irgeallows evaluating the error on
the defects depth. They vary from 9% to 30%. Nénedeiss, it is interesting to remark
that all the defects of C specimen were detected.

Infrared ther mography

Periodic heat energy, generated by halogen lanspsansferred to the material [3].

Thermal waves are propagated by conduction indidematerial and are reflected on
the boundaries. The wave reflection is disturbeddbefects. The IR camera measures
temperatures which are modified due to defects.

Experimental Procedure

The temperature field is captured by an infrared@®Ecamera which features a focal
plane array of 320*240 pixels. The thermal resolutof the camera is about 20 mK.
Two halogen lamps are located at 300 mm from tleeispen and heat it (Figure 5).
The acquisition frequency of the films is equal5® Hz and the films last 30 s. The
specimen is heated during 10 s by halogen lamps.t@imperature recording includes
the heating time (10 s) and the beginning of spenigooling (20 s).



Figure 5: Thermography IR device.

Results

Infrared thermography tests are highlighted defecttsoth specimens (Figure 6). The
peel ply was not detected by thermography IR. Thisertainly due to the fact that the
peel ply is well stuck to composite fibres. Thusey constitute one and only one
material and consequently it has the same condtyctag the resin. The experimental
protocol was improved in order to try to detect tledect but that is not sufficient. So,

this method presents some limits.

a) A specimen b) C specimen

Figure 6: Defects detected by thermography IR o t®sted specimens.

For A specimen, the delamination was detected leynibgraphy IR very quickly
(around 10 s) and very easily. After one test,defect was detected (Figure 6 a)). The
specimen is heated on the same face as the temngefiald is measured. Like with the
ultrasounds method, the dimension and the locaisare determined. The defect is
circular and the diameter is approximately equal2e2 mm. It is located 701 mm
from the right side along the x axis and 41+1 mamfrthe bottom along the y axis. The
measurements precision depends on the pixel s&zéhanmage quality. It was checked
that the measurement method is reproducible bygas@veral measurements on a well-
known specimen.



For C specimens, defects were detected by headtiegp ton the back face and by

measuring the temperature on the front face. Widnnhography IR, defects diameters
are always underestimated compared to theoretiaaiaters inserted in the specimen.
The major inconvenient with thermography IR is thia¢ small diameters are not

correctly detected. The defects are visible butdiaeneters determination is not exact.
There is an error on the diameter size only fordhmallest one. The error is equal to
50%. The defect position along y axis is determiaeéll mm. They are the same ones
as the theoretical values. Nevertheless, there ey@r on the defect position along the
X axis. The error is all the more important sinbe tlefect diameters are small. For
defects which are 4 mm in diameter, the error isgaétp 40%. For defects which are 15
mm in diameter, the error is equal to 3%. It i®rasting to remark that all the defects of
C specimen were detected.

Comparison

Both nondestructive methods enable to identify dsfen different composite plates.
Nevertheless, defects localisation and dimensiexigerimental protocol setting up and
experimental time differ from one method to anothEsble 2 sums up the results

obtained with both nondestructive methods.

Table 2: Comparison of ultrasounds and thermograpswits.

Methods Defects Defet_:t Dimensions Position Experlmental
detection (mm) (mm) time (s)
o X axis: 7320.25
delamination| YES 22+0.25 ) 1200
y axis: 50+0.25
Lol VES X axis: 89+0.25 h 1 200
Ultrasounds peel ply y axis: 80£0.25 at the centre
Teflon x axis:
coated fibre| YES | over-estimated Overestimated 1 800
glass y axis: ok at +0.25
o X axis: 70 1
delamination YES 12 £2 ) 10
y axis: 41 +1
peel ply NO 30
Thermography
Teflon YES . Un?erestlrrl}ated X ax?s:
coated fibre | SXCEPte or sma overestimated 30
small diameter (4 )
glass diameter mm) y axis: ok at +1




The major advantage of the thermography is the rexpatal time. In 30 s, it is

possible to know if the specimen or an industriabcgure has a defect. However,
according to the nature of the defects and/or thg w which they stick to adhesive or
fibres, the thermography IR does not enable tocti¢heem. It is important to note that
for both nondestructive methods, the defects mosits not exact. Nevertheless, with
thermography IR, defect dimensions are correctlgmieined except for small defects.
In fact, under 6 mm, defects are detected withatiffy. The advantage of ultrasounds
is that the defects depth can be evaluated. Forntbment, it is not possible to
determine the depth with thermography IR. But somweks are in progress in this
domain.

The inconvenient of ultrasounds is that in ordeddtect the more precisely possible the
defects (location and dimension), it is necessarysweep all the surface of the
specimens. It is very long and tiresome. Moreoles,important to adjust perfectly the
Omniscan in order to determine defects dimensiah @sition otherwise the effects
edge can appear.

Conclusion

This paper examines two nondestructive methodsasdtinds and thermography IR.
The CND tests lead to the following conclusions:

- Ultrasounds enable to detect all the defects wisetteermography IR does not
detect a piece of peel ply in the composite.

- Ultrasounds overestimate the defect diameter size.
- With infrared thermography, defects under 6 mmdatected with difficulty.
- The defect position is always overestimated witthboethods.

- The major difference between both nondestructivehous is the time to
identify defects. Thermography IR is approximaté® times faster than
ultrasounds.

- Further investigations are in progress in ordeddtermine the defects depth by
thermography IR and to carry out others CND testsdustrial specimens.
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