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ABSTRACT 

The development of composites has revolution
ized the aeronautical industry: 

Weight saved through the use of composites has 
made it possible to increase the performance of 
aircraft. Moreover, the high resistance of 
these materials to the effects of environment 
iS an important operational safety factor. 

The application of composites to helicopter 
structures is particularly remarkable as com
posite structures account for 25 % of the DAU
PHIN or CHINOOK structural weight. 
Composite technology being new, the effect· of 
variations, although slight, of some parameters 
on structural performance is not yet fully un
derstood. 

Therefore, manufacturers must be very strict 
both in their definition of components and in 
the application of subsequent transformation 
and inspection methods. 
With composite parts, one obtains the material 
and the final part simultaneously during the 
curing process, while metal part processing re
quires separate operations. 
Nanufacturing defects may consequently appear 
not only at junction areas but also at the very 
core of composites. 
The purpose of non-destructive tests is to de
tect such defects and thus determine the con
formity of parts. 

Various non-destructive testing methods, have 
been developed for this purpose: 

-simple methods like tapping or x-ray in
spection or more complex ones like ultra
sonic inspection or Laser holography are a 
commonplace in the production process. 
-other methods like acoustic emission, 
computed axial tomography, thermography 
or eddy currents are on trial. 

This paper describes the general principle of 
each method as well as some application exam
ples. 

It is also evidenced that selection between the 
various methods proceeds from prior assessment 
of technical imperatives such as the character
istics of the part to be inspected and the type 
of defects sought as well as financial consid
erations as to the cost of these inspection 
methods, which may prove rather high at times. 

1 - INTRODUCTION 

The use of composites on helicopters is not new 
as, for example, the cowlings of the ALOUETTES, 
as far back as 1950, were already of 
glass/polyester. 

However, not until the 70ies did composites 
achieve full recognition with the production of 
the SA 341 Gazelle and BOlkow 105 main rotor 
blades, then, in 1975, with the Starflex main 
rotor head of the AS 350 Ecureuil. 

These materials are making a tremendous break
through nowadays. 
In the field of blades, the major American man
ufacturers are beginning to mass-produce partly 
or entirely composite blades (Boeing Vertol's 
CH47 and 234, Sikorsky's S76 and Bell's 214) 
and their European counterparts are also devel
oping entirely composite blades. 

As regards rotor heads, the only mass-produced 
composite products are Aeros~atiale's Starflex 
main rotor head and Sikorsky s Cross Beam tail 
rotor hub. 

New developments are on their way 
Vertol's Bearingless Main Rotor 
Aerospatiale's Triflex. 

like Boeing 
(BMR) and 

Composites have begun recently to make their 
way into primary structures, like: 

-the floors of the Boeing 234 
-the horizontal stabilizer of Sikorsky's 
576 
-the fins and stabilizers of 
BOlkowjKawasaki's BK117. 
-the fins and stabilizers of 
Aerospatiale's AS 365 N Dauphin. 

We can estimate the average percentage of com
posites in a new-generation helicopter empty 
weight (engines and ancillary systems excluded) 
at 20 to 25 %. 

There is every reason to believe that the pres~ 
ent developments in the field of primary struc
tures like Bell and Sikorsky's ACAP (Advanced 
Composite Airframe Program) supported by the US 
Army will increase this percentage to 30% in 
the next five years. 
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Given the fact that this technology is rela
tively new, there remain many unknowns as re
gards the influence of the parameters of the 
raw materials and of their fabrication method
ology on the final pe_rfor~ance of the parts. 

To remedy the lack of knowledge in this field, 
thorough checks must be made at the following 
three levels: 

-on raw materials and semi-finished pro
ducts (we must work on suppliers). 
-on the fabrication of parts at the man
ufacturer's: 
-on finished parts. 

Non-destructive testing, the very topic of this 
paper is performed on the last item of the 
list: finished parts. 

2 - FABRICATION METHODOLOGY OF COMPOSITES. 

This is fundamentally different from that of 
metals since the material is wrought at the 
same time it becomes a finished part. 

Moreover, composites are two-phase materials: 
fiber and matrix. 

There are numerous fabrication methodologies 
for composite finished parts according to the 
type of semi-finished product available on the 
market. 

-unidirectional tapes and prepregs 

these are the most commonly employed mate
rials in the aeronautical industry. Cut
ting is manual. semi-manual or automated 
(Laser, water jet, Gerber Cutter) and lay
ing up is most of the time manual. Curing 
takes place in a mold where the material 
is submitted to temperature on the one 
hand and pressure or volume on the other 
hand. 

-unidirectional tapes, fabrics or dry braids 
impregnated in situ. 

an operation is added: impregnation. This 
can be done either manually by contact or 
by injection into a closed mold. · 

-winding of wicks or ribbons that are either 
pre-impregnated or submitted to in-situ impreg
nation. 

This process is entirely automated which 
guarantees better reproducibility of the 
quality of parts. 

-compounds or short pre-impregnated fibers. 
These are wrought by compression or trans
fer for the fabrication of large parts. 

SEPARATE ELEMENTS CO CURING 

SANDWICH PRE-CURED GRAPHITE SKIN lllON·CUREO GRAPHITE 

"' 
STRUCTURE ADHESIVE FILM ~ ADHZ:SIVE 1/f A/11'1'1 

/" ./ 

11111111111111 0,[111111 111111111111!2!]1111111 

HONEYCOMB CORE CORE 

ADHESIVE ADHESIVE /IF A/\1'1'1 

vl \ tJ .. i: ... 

;r 
CURED GRAPHITE NON-CURED GRAPHITE 

FIG. 1 : COMPOSITE STRUCTURES FABRICATION 

PROCESSES 

Complex parts, be they single-blocked or 
of sandwich construction, can be fabri
cated along two fundamental lines: 

co-curing which has the obvious advantage of 
being a low-cost methodology but does not allow 
a detailed inspection of internal areas. 

assembling (mechanical or bonding) of 
pre-cured elements which offers a better guar
anty that each constituent is perfectly sound. 

The above list shows that, with the exception 
of a few automated operations, a large number 
of fabrication phases remain manual and may 
therefore be the source of defects. 

Moreover, variations in the composition of re
sins or in the curing cycle (pressure) time, 
temperature) can generate additional defects 
during curing: separation of layers or cracks 
due to thermal stresses, porosity, waviness, 
etc .. 

3 - STRUCTURE TYPES 

Depending on weight, stiffness, strength and 
vulnerability imperatives, the designer has to 
choose between two structure types: 
single-block or sandwich structures. 

Single-block structures 

Be they stiffened or not, these structures are 
characterized by a stack of plies whose total 

.thickness can vary from a few tenths of milli
meters to a few centimeters. Such is the case : 

-for secondary structures like doors, cowlings 
and various supports 
-for primary structures like the horizontal 
stabilizer, the fin leading edge, blade-tip 
caps, and certain tubular spars. 
-for vital rotor components like the Starflex 
head, blade spars and horns. 
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Sandwich structures: 

These are particularly prized when both stiff
ness and minimum weight are necessary. They 
comprise a Nomex-type honeycomb structure cov
ered with metal or composite skins. 
In some cases) a bead of adhesive is added for a 
better honeycomb-to-skin adhesion. 
Many helicopter parts are fabricated in this 
manner: various cowlings, fins, tail booms, 
floors, blade trailing edges. 

4 - DEFECTS MET AND THEIR EFFECTS . 

Structural defects can appear during fabri
cation or use of composite parts. 
Roughly speaking, they can be broken down in 
the following categories: 

4-l.Single-blocked structures. 

a/Porosit~ 
This is t e most frequent defect. It is 
mainly due to faulty compaction of the la
minate, liberation of volatile products, 
or insufficient control of the evolution 
of resin viscosity during cure. 
Porosity can be concentrated (penalizing 
case) or distributed all over the product. 

It can be defined by an areal percentage 
per laminate fold or by a voluminal per
centage. 

Porosity affects above all the 
characteristics of composites 
resin is involved. 

mechanical 
where the 

Thus one notes 30 to 50 % drops in flexur
al, shear and compressior. strength for an 
areal porosity rate of 10 %. 

Moreover, a porous material can absorb 
more water and become sensitive to icing 
and internal swelling. Micro-porosity at 
the fiber/resin interface also favor de
gradation induced by rapid temperature 
changes. 
The porosity rate that must not be ex
ceeded for production depends on the use 
of the part and the associated calculation 
margins. It is generally between 3 and 10 
%on aeronautical structures. 

b/Delaminations 
these are major structural defects as they 
indicate layer separation. They may ap
pear both during fabrication or in 
service. 
Like porosity, they affect the mechanical 
characteristics where the resin is in
volved: interlaminar shear, compression. 

The most substantial drops in strength are 
those observed with interlaminar shear: 30 
% for a defect affecting about 5 % of the 
area concerned. 
When they crop up in service, these de
fects grow if the part is submitted to fa

'tigue strain. However, they do not, in 
many cases, affect the main functions of 
the parts nor safety (fail-safe behavior). 

c/Misshapes. 
these are for example waves or folds made 
by ravings, tapes or fabrics. They crop up 
during molding and can be caused by a 
faulty cut of prepregs or by a wrong law 
of variation with time of temperature and 
pressure during curing. 

Acceptance or rejection criteria will be 
essentially based on curvature radii, 
which affect both the strength and the mo
dules in the direction of reinforcements. 
Moreove~, one can note also fiber orien
tation defects whose effects can be fore
seen theoretically. 

d/Uneven distribution of resin. 
resin distribution is on the whole well 
mastered. Given the scatter generally ob
served, one can consider that this parame
ter has less influence than the preceding 
parameters. Its static and fatigue ef
fects are well known today both theore
tically and expe_rimentally. 
However, it i~ worth checking that scatter 
remains within acceptable limits within a 
same part. 

e/Various inclusions 
these can be a separator left behind, 
chips, etc ... 
They must be detected after fabrication. 

(impacts in 
flight) or during na:na.L1r1g. They can lead 
to a failure of fibers visible at the sur
face of the part or to internal sepa
rations. 

The presence of a hole or notch, according 
to the type of draping, will lead to a 25 
to 65 % drop in static tensile strength 
and will little affect fatigue strength. 

A 4 joule blow on a 3-millimeter thick 
skin generates damage invisible to the na
ked eye but reduces the tensile strength 
of the composite by 20 % and its compres
sive strength by 35 %. 

4-2.Sandwich structures. 

The same defects found in single-block struc
tures can also be found in the skins of a sand
wich structure. 
In addition, some defects are specific to sand
wich structures: 

-lack of adhesion between skin and honey
comb. 
-buckling or flattening of honetcomb 
-"telegraphing11 (honeycomb visible 
through the skin) 

While telegraphing seems to be more a sur
face condition problem than a real 
strength problem, the other two problems 
have an immediate effect on flexural and 
shear strength. 
These defects are not admissible and must 
therefore be detected. 
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4-3.Bonded structures 

Two types of defects can be observed. 
-faulty thickness of bonding area 
Calibrated-thickness adhesive films are 
most commonly used for structural bonding·. 
However faulty application of the film can 
lead to uneven thickness and hence to a 
change in shear strength. The strength can 
drop by 25 % when the thickness increases 
from 0.1 to 0.3 mm. 
-local lack of bonding 
In the absence of particular overstress at 
edges or too significant separations, the 
loss in shear strength is pretty much pro
portional to the separation area. 

Generally speaking, aging effects do not add up 
directly to those mentioned above and rather 
affect the resin (porosity, lack of cohesion): 
the effect of aging makes itself felt less on a 
material with defects than on a sound material. 

5 - PURPOSE OF NON-DESTRUCTIVE INSPECTION 

As indicated previously, structural defects do 
not affect performance in the same manner. 
Therefore they must be controlled if we want to 
guarantee constant compliance in the long run 
with what had been defined and accepted ini
tially. 
We see to it right from definition and indus
trialization that we opt for the most reproduc
ible materials and processes and that this 
choice contributes towards mastering the sound
ness of the parts. 

However these precautions do not always suffice 
to guarantee entirely the quality of the fin
ished parts. Therefore additional checks must 
be performed to de-termine the compliance of 
parts with maximum admissible defect criteria 
established theoretically or experimentally 
according to their effects on performance and 
to the safety margin desired: such is the pur
pose of non-destructive testing. 

Beside this part quality assurance aspect, the 
results of non-destructive inspection are proc
essed with a view to identifying a possible de
terioration of quality with time that would be 
attributable to the materials or processes and 
would be likely to become ~nadmissible in the 
long run. The follow-up of quality thus 
achieved is one of the indicators on the "in
dustrial instrument panel" that makes it 
possible to ward off possible industrial risks. 

6 EXAMPLES OF NON-DESTRUCTIVE INSPECTION 
METHODS. 

Aerospatiale's Helicopter Division categorizes 
them according to their degree of utilization. 

6-1 METHODS APPLIED IN PRODUCTION. 

~rs~~tt;;';l~~~~ists in tapping lightly the 
surface of the skin with a rigid body that must 

FIG. 2: SONIC INSPECTION ON A HELICOPTER BLADE 

It requires however a certain experience in the 
interpretation of sound differences. 

When applied to sandwich structures like main 
or tail rotor blades, this method makes it pos
sible to evidence defects like a separation of 
film-to-honeycomb or skin-to-film joints. 

Mechanization of this process can be envisaged. 

Ultra-sound insP.ection 

General principle. 
This inspection consists in evidencing the het~ 
erogeneity of a structure or of a material 
through the transmission of an ultra-sonic wave 
into the part and the comparison of the signal 
received to a master signal. 

Sonic resonance method. 

This uses low-frequency ultra-sounds (150 to 
300 khz) and consists in exciting the part with 
a probe and in comparing the resulting mechan
ical vibrations (amplitude, phase or frequency) 
to those obtained with reference parts. 

The structure is excited through direct mechan
ical contact with the probe 

(FOKKER BOND TESTER) 
SHEAR STRENGTH 

• ~~.··. 
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be less hard than the skin. The difference in 
sound between the bonded area and the FIG. 3: UL TRASOUNDS: SONIC RESONANCE METHOD 
non-bonded area is fioticeable to the ear. 
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Among the available instruments, we can mention 
the FOKKER BOND TESTER used for inspecting 
bonded metallic structures and the BONDASCOPE 
for bonded composite structures. 

The probe of the Fokker Bond Tester is consti
tuted of a piezoelectric ceramics. The excita
tion frequency is scanned in a small adjustable 
band of the frequency range. The band is se
lected according to the nature of the structure 
that must be inspected. The resulting mechan
ical vibration is detected and its frequency is 
analyzed for metal/metal bonded assemblies. In 
that case, acCeptance criteria affect th~ 
thickness of the bonding joints. ' 

I -
'FIG. 4: BLADE BONDING INSPECTION WITH FOKKER 

BONO TESTER 

The probe of the Bondascope, too, is a piezoe
lectric ceramics excited at a fixed frequency. 
The phase and amplitude of the resulting me
chanical excitation are analyzed for checking 
composite/composite bonded assemblies. In this 
manner, any lack of bonding can be evidenced. 

These two instruments require - for the various 
levels of structure quality - calibration dia
grams indicating the sonic resonance character
istics of the probe-structure assembly. 

They are used intensively for checking the 
bonded structures of the SA 365 N Dauphin. 

Transmission method 

ULTRA SOUNDS 
PULSEO SIGNAL 

GENERATOR 

SCORCH-IIECORDING 
(C/ SCAN) 

FIG. 5: UL TRASOUNDS: METHOD BY TRANSMISSION 

WITH C-SCAN RECORDING 

This consists in measuring the attenuation of 
an ultra-sound wave due to its crossing the 
structure or the material between the transmit
ter and the receiver. The transmitter and the 
receiver may be separated or not separated and 
placed on either side or on the same side of the 
structure subjected to inspection (simple or 
double transmission path according to the mate
rial and the thickness of the structure). 
This method utilizes high-frequency 
ultra-sounds (1 to 40 MHz). 

FIG. 6: TRANSMISSION ULTRASONIC INSPECTION 

INSTALLATION 

The attenuation of the ultra-sound signal am
plitude can be expressed on paper through pla
teaus of various heights recorded thanks to the 
scorch, technique. The fact that the motion of 
the sensor on the part is coupled with that of 
the style makes it possible to record an 
ultra-sound image of the part which evidences 
internal structure defects (heterogeneity, se
paration, porosity). This recording method is 
called C/scan. It is mainly used for inspecting 
single-block glass or graphite composite parts 
like the Starflex star (fabrication follow~up) 
and single-block graphite tubes or ribs of the 
SA 365 N Dauphin fin. 

OUTLINE WITH FdKKER BONO TESTER 

FIG. 7: COMPARISON BETWEEN RESULTS OF C-SCAN 

AND FOKKER BOND TESTER ON A 
METAL/METAL BONDED ASSEMBLY 

X-ray inspection 

The use of X-rays is not new and while techno
logical progress has been achieved, the process 
remains very conventional. 
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FIG. 8: X· RAY INSPECTION OF A PART 

As a reminder, we shall mention the various 
techniques used: 

-radiography or production of a picture on a 
photographic film. It gives best resolution. 

-radioscopy or excitation of a fluorescent 
screen which is associated with a light inten
sification device and allows to obtain an image 
on a cathode ray tube. 
This method is faster, interpretation of the 
image can be immediate. However, resolution is 
lower than that obtained with radiography. 
These two methods are applied on the Starflex 
head (star and blade attach bars). 

-radioxerography or the impress ion of a 
semi-conductor layer (electrostatic process). 
This method offers greater tolerance for x-ray 
absorption density variations of materials. It 
allows a good visualization of isodensity range 
contours. 
It can, in some cases, compete with radiography 
as, while it is less accurate, it is much more 
economical. 

This method which is being evaluated presently 
proves to be applicable on parts like small 
blades or graphite single-block parts (blade 
horn). 

Holographic interferometry. 

BLADE 

REFERENCE BEAM 

/;MIRROR 

/:RETRACTABLE MIRROR 

..-P:OIVERGENT LENS 

r·. SEPARATING BLADE 

FIG. 9: HOLOGRAPHIC INTERFEROMETRY INSPECTION 
OF COMPOSITE BLADES 

This is an optical method which allows to evi
dence through interference fringes 
micro-distortions at the surface of the struc
ture under inspection. These micro-distortions 
are due to internal defects which perturb the 
deformation of the structure under mechanical 
or thermal stress. 

The result is obtained by the interference of a 
holographic image with the image of the de
formed object or that of two images of the same 
object before and after deformation. 

FIG. 10: EXAMPLE OF INTERFEROGRAMS 

Black interference fringes appearing at the 
surface of the object indicate a deformation 
difference of ~ /2. One can thus obtain a net
work of iso-deformation lines. 

There are two techniques in this field: 

-double exposure technique where two waves 
transmitted by an object at two different stag
es of deformation are stored on the same holo
gram (double exposure). An interferogram 
appears then on the photographic plate. This 
is the simplest and easiest technique. The 
problem is that this technique is limited to 
comparing only two deformation stages. 

-real time technique where the original wave of 
the object stored on the plate interferes with 
the waves of the object at various deformation 
stages. This technique demands a most rigorous 
setting of the photographic plate after proc
essing. This is more difficult to implement but 
this has the advantage of allowing dynamic 
(real time) observation of the phenomenon. 

The mechanical deformation of the structure can 
be obtained in various ways: 
-through impacts 
-through vibrations 
-through differences of pressure (positive or 
negative). 
-through heating 
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FIG. 11: HOLOGRAPHIC INSPECTION INSTALLATION 

FOR BLADES 

This method is applied to production inspection 
of SA 330 Puma, AS 332 Super Puma and SA 365/366 
Dauphin main blades. 

Blade deformation is obtained through external 
pressure reduction. This method is very effec
tive for evidencing bonding defects in honey
comb/skin and foam/skin assemblies and 
delaminatians in skins made of glass and gra
phite. 

Stiffness measurement 

This method considered global makes it possible 
to verify the major mechanical characteristics 
of a part. 
Both the load applied and the deformation are 
measured. 
It is used in production for checking the arms 
of the Star flex star. 

It is sensitive enough to evidence the absence 
of one out of the 25 layers constituting the 
arm. 

Mechanical proof testing. 

This is a global inspection method which makes 
it possible to examine the entire part. Loads 
are applied and the behavior of the part ~ its 
deformation and acoustic emission (see Para 
6.2) - is recorded at the same time. 

It is generally used for detecting a structural 
anomaly in the part. Then the part must be sub
mitted to a more detailed examination with a 
view to identifying the anomaly. 
This method is presently being used on the sup
port tube of the SA 365 new Fenestron tail ro
tor and on the new composite fin. 

6-2 METHODS ON TRIAL. 

Acoustic emission 

General principle 
A material subjected to loads, damage or struc
tural modification releases energy in a discon
tinuous way and generates waves to.'hich propagate 
at the surface of and within the material. 

NUMBER OF PEAKS) THAESHOLD 
IN«S) 

MAX. 
AMPLITUDE 

NOISE 

FREQUENCY 20 Kh~ TO 2 Mhz 

DURATION 

FIG. 12: ACOUSTIC EMISSION 

This wave is picked up by a piezoelectric sen
sor and is then transformed into an electric 
signal in the shape of a damped sinusoid. 
The signal which represents an event can be 
identified by: 

N:number of peaks beyond a given threshold 
T:duration of event 
A:maximum amplitude 

These various parameters, recorded as a func
tion of time and of a mechanical parameter 
(load, pressure, ... ) can be processed either 
statistically (cumulation, rate, ... ) or with 
distribution functions. They must make it pos
sible to characterize damage (if any) within a 
structure under stress. 

It is possible to locate the damage through a 
triangulation process using several sensors. 

FIG. 13: DAUPHIN DERIVATIVE ON ACOUSTIC 

EMISSION TRIAL 

Practical examples. 
This method is applied for proof testing a gra
phite/epoxy and kevlar/epoxy composite 
fin/Fenestron assembly. 
Eight sensors are placed on the structure. 
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A step loading procedure is applied and at the 
end of each step, the load is reduced by 200 
daN. 
A certain number of significant curves can be 
lofted on the basis_ of data gained during 
tests: 

NUMBER OF PEAKS -

'" 
lOAO 

LOGARITHMIC REPRESENTATION 

~-------,<FAILURE 

CONTINUEO EMISSION AT 
CONSTANT LOAO 

CONTINUEO EMISSION AT Jr 
CONSTANT LOAO 

KAISER EFHCT 
V NOT OBSERVED 

LINEAR RE~RESENTATION 

FIG. 74: ACOUSTIC EMISSION: SIGNAL PROCESSING 

aj the acoustic emission curve being exponen
tial one can loft 
log N (number of peaks) = f (load) which is lin
eal·. 
A change in the slope is observed at 70 % of 
failure load 

b/ curve : N (number of peaks) = f (load). 
It presents two interesting characteristics 
namely, observance or non-observance of Kaiser 
effect (emission during a second identical 
loading) and continued emission at constant 
load (noticed beyond 70% of failure load). 

cf accurate location of emission area and com
parison of levels of emission from various sen
sors. 

d/ amplitude distribution curve as loading pro
gresses. 

Conclusions. 

This type of check should make it possible to 
make sure that the load applied during proof 
testing does not damage the element being test
ed and that proof testing is run at a load at 
the most equal to x % of the failure load (x be
ing determined previously through tests). 

Loading and listening criteria must necessarily 
be defined on the basis of the type of struc
ture or element to be tested. 

Computed axial tomography 

DISPLAY 

COMPUTER 

ROTATION AROUND 
PART 

PART 

SENSOR 

FIG. 15: COMPUTED AXIAL TOMOGRAPHY (CAT) 

PRINCIPLE 

General principle. 

This is an x-ray scanning technique involving a 
computer. 
A plane x-ray beam crosses the part under exam
ination and hits a series of detectors. The 
transmitter/detector assembly rotates 360 ° 
around the part. Then the results are processed 
by the computer in order to reconstruct the 
densitometric image of the cross-section. 

Work performed. 

The only way we could test the possibilities of 
this technique was by resorting to medical CAT 
scanners, the only equipment available today. 
To that end we 11auscultated11 a certain number 
of mechanical parts ~and more especially a 
glass/epoxy composite arm of a Starflex rotor 
head in which we had generated defects. 

CAT IMAGE 

MECHANICALLY CUT 
ACTUAL PART 

FIG. 16: CAT ON STARFLEX HEAD 

Figure 16 shows the mechanically cut section of 
the actual part and the densitometric image of 
this section before ~utting. 

Another example consisted in verifying the cor
rect distribution of 3 mm diameter fibers in an 
arm made of silicone elastomer. 

Advantages and disadvantages: 
The great advantage of this equipment is its 
ability to reach and isolate a small v·olume 
within the structure. 

The CAT equipment available today is expensive 
and ill adapted to industry requirements. 
This type of inspection would be viable from an 
industrial standpoint if greater pm.;er (on the 
order of 400 kv instead of the present 130 kv) 
and simpler equipment tdth a certain ild<l.ptabil
ity potential (e.g. kits) t•;ere avdil.Jble. 
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Infrared thermography 

TEST SPECIMEN 
[WOUND STRUCTURE) 

-PULSED AIR 

DISPLAY UNIT 

AGA TYPE 680 CAMERA 

FIG. 71: INFRARED THERMOGRAPHY 
INSTAL LA T/ON 

Inspection of tvound structures 

This method has been used on an industrial sca
le by Aerospatiale since 1970 for inspecting 
wound cylindrical structures of space 
launchers. 
It makes it possible to detect two types of de
fects within a very short time: 

-delaminations between composite layers. 
-separations in metal/composite and 
rubber/composite assemblies at the bottom 
and on the walls of the structure. 

The heat flow between the two sides of the wall 
is altered by the existence of these defects 
which generates a thermal gradient (independent 
of the defect thickness) noticeable with a 
thermographic camera. 

While it rotates about its rotation axis at a 
rate of 1 rotation per minute, the structure is 
heated from the interior either by warm air or 
by an infrared light ramp located parallel with 
the cylinder generators. 

The image obtained on a CRT evidences the ther
mal gradients in the structure as colored isot
herms are displayed. 

This method allows to detect 2 em by 2 em de
fects and is applied successfully to wound 
glass or kevlar structures. For high thermal 
conductivity materials like graphite, it cannot 
be applied directly since the duration of ther
mal gradients does not exceed a few tenths,of a 
second. It is therefore necessary to resort to 
magnetic recording and subsequent numerical 
processing. 
This process as well as stroboscopic inspection 
(see below) are employed at the Helicopter Di-
vision for monitoring part testing (especially 
fatigue testing). 

Stroboscopic inspection 

The thermal image obtained with this technique 
- maximal amplitude and minimal amplitude -
makes it possible to locate maximum dynamic de
formation areas corresponding to maximum ther
mal gaps. 

FIG. 78. LOCATION OF OVERSTRESS AREAS IN A 
STARFLEX HEAD THROUGH INFRARED 
TI-/ERMOGRAPHY 

7 - CONCLUSION. 

Thanks to their wide experience in operating 
the various non-destructive inspectton 
methods, inspectors have available today a tdde 
range of means for detecting macroscopic de
fects. 

With a view to better adapting these methods to 
aeronautical applications and to calibrating 
them entirely for a better 
image-observed-to-real-defect correlation~some 
optimization work is necessary. 

It will also be necessary to expand the use of 
global detection methods (IR thermography, ho
lographic inspection) which make it possible to 
display an entire part in one single operation, 
anomaly identification being performed, if nec
essary, via a local method. 

However, non-destructive testing is not an end 
in itself and it can affect the cost price of a 
part by up to 10~~ 

TOTAL INSPECTION COST NO INSPECTION COST 

STARFLEX STAR 
STARFLEX BLADE· ATTACH BARS 
MAIN PUMA BLADE 
DAUPHIN TAlL CONE 

FABRICATION COST 

35 °/o 
20 Ofo 
15 °/o 
20°/o 

FABRICATION COST 

10 °fo 
4 °/o 
2 °/o 

10 °/o 

Therefore it is necessary to reduce the cost by 
short and medium-term actions: 

In the short term non-destructive testing, 
cost can be cut by appropriate automation 
of processes and adaptation of the means 
implemented to acceptance criteria. 
In the medium term, one can hope that the 
effect of defects on structure performance 
will be better known and consequently that 
acceptance criteria wil.l be expanded. 

Finally, non-destructive testing work could be 
reduced through a constant quality improvement 
effort at all levels: 

-at the raw material producers' who could 
guarantee improved reproducibility of 
their basic products through better coop
eration with aircraft manufacturers. 
-at design level; design will have to be 
as simple as possible to avoid fabrication 
methodology acrobatics. 
-finally at fabrication level by adopting 
methodologies allowing better control of 
the quality level desired. 

6.3.9 




