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Abstract 
Composite components are extensively used for various purposes and are effectively used in Aerospace structural 
applications. Glass Fibre Reinforced Plastics (GFRP) & Carbon Fibre Reinforced Plastics (CFRP) yield less weight and 
long life to enhance safety and strength of the structure. The objective of this work is to optimize compaction level to 
achieve better Quality, reliability and enhanced product life using Computed Tomography (CT), a robust Non-Destructive 
Evaluation (NDE) methodology.  
Computed Tomography (CT) attenuation measurements serve as a very sensitive indicator of internal loss caused by 
microstructures and micro-structural alterations in the test material. This also helps in Structural Health Monitoring (SHM) 
related studies on damage in aerospace composites structures. X-Ray Computed Tomography is a robust NDE method to 
characterize the defects and damage in composites for health monitoring of critical aircraft components and to extend the 
life of components. 
Inter laminar shear strength (ILSS) variations are considered while studying the sensitivity of compaction level on the 
performance of helicopter blades during service. An appropriate density mapping through CT number & attenuation 
distribution through dB variations are obtained from the Fatigue test, component test data to assess their safety and 
structural reliability. 
In the case of thick-wall, monolithic, self stiffened panels and sandwich composites, the conventional NDT-test procedures 
fail. X-ray Computed Tomography (CT) as an imaging test procedure closes this gap and adds more confidence to evaluate 
the part through study of internal structure giving detailed information through cross-sectional view presentation.  
In this study, ultrasonic attenuation and CT Number are correlated to inter-laminar shear strength (ILSS), Fibre Volume 
content, void content etc. Based on the correlation, the acceptable limits for CT Number is determined with respect to 
ultrasonic attenuation, ILSS and fibre volume fraction. During curing of advanced Polymer Matrix composites (PMC), 
adequate pressure needs to be applied. This consolidation pressure enhances compaction of lay-up, assists flow of resin to 
fill all the gaps and controls the void growth. Improper distribution of pressure results in changes in fibre volume fraction, 
voids and poor consolidation leading to poor quality which can be assessed during CT-Scan. 
Experimental results were analyzed and successfully used to achieve good compaction at micro level for various complex 
Composite structures. The enhancements in performance of the structures were further confirmed by carrying out Fatigue 
test & Resonance test.  Influence of compaction level on the structural reliability/performance of parts was verified. 
Based on the performance of the part, part life can be extended in order to achieve the better Quality, reliability and 
enhanced product life using process control approach. 
 Keywords: Fiber volume ratio, CT number, Compaction level, Computed Tomography (CT), Resin rich. Differential 
Scanning Calorimeter (DSC), layer waviness, on set Temperature (deg C) 
 
1. INTRODUCTION  
 
In the field of aeronautical industry, CFRP (Carbon fibre Reinforced Plastics) & GFRP (Glass fibre 
Reinforced Plastics) are widely used mainly due to their high specific mechanical properties. The main 
focus of the aerospace industry research on multi-functional materials is to reduce their own weight, 
enhance their mechanical properties and sensing capability.NDT based Structural Health Monitoring 
(SHM) system informs the damage development and location of the damage to the engineer adequately. 
There are different types of NDT Techniques namely, Ultrasonic Testing (UT), Radiographic Testing 
(RT), Shearography, Thermography and so on [2-4].All these techniques are used for monitoring the 
composite structure. But each technique has its own merits and demerits. By using CT in composite 
structures to detect damages, images are generated and analyzed. This CT image is generated in the 
composite structures as they need strong penetration of x-rays to detect even a small damage on the 
structure internally. 
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Damage can also be detected by different NDT methods like UT,RT, Acoustic Emission Testing; 
However, such NDT technique will not give clarity against fibre orientation, matrix percentage during 
process cycle. Even though UT is used for damage detection, loss of transmission signal (attenuation) 
might occur due to surface irregularity developed in composite structures which will directly affect the 
quality of detection. If the damage is in the small size (micro), this UT technique will not be detected 
and this forms the main drawback of this technique. To overcome of this drawback, we will go for CT 
and this technique gives detailed internal information in cross-sectional image pictorial representation 
to detect micro level damages caused in the composite structures. Through CT technique, damage can 
be checked precisely and pinpoint the defect location, it plays a key role in collection of information 
about composite structural properties and service life of aerospace components.  
 

2. Computed Tomography (CT) inspection of composite parts 
 
X-ray computed tomography (CT) can play an important role in the evaluation of composite materials 
and structures. Thick graphite- or plastic-fiber composites, multilayer bonded structure, honeycomb, 
and ceramic and metallic composites can exhibit difficult-to-interpret indications from standard NDE 
methods. Computed tomography can be used to detect and measure features, such as delamination, 
porosity/voiding, resin rich/resin-poor, bond line fill, cracking, dimensions, and so on, providing useful 
information during the composite structure development or the evaluation of nonconforming articles. 
While conventional radiography creates a shadow graph containing superposition of information, x-ray 
CT uses measurements of x-ray transmission from many angles around a component to compute the 
attenuation coefficient of small volume elements. This data is presented as a cross-sectional image map 
of the object. The clear images of interior planes of an object are achieved without the confusion of 
superposition of features. Computed tomography results are easy to interpret for feature detection and 
placement. Computed tomography can provide quantitative information about the density/ constituents 
and dimensions of the features imaged. Figure 1.1 demonstrates the application of CT to a composite 
Main Rotor Blade (MRB). The CT slice gives the internal configuration, dimensions, and material 
variation without the confusion of superposition of information in the radiograph. Multiple CT slices at 
sequential locations along the vertical axis are required to image the entire blade with CT. 
 

There is a significant point about the application of CT, because very often relatively large image 
voxels (compared to very fine defects) may be used, but small features are still detected, although they 
are not necessarily resolved. The contrast sensitivity typically provided by CT is in the range of 0.1 to 
1%.Computed tomography data allows accurate evaluation of dimensions and locations in three- 
dimensional object space or material density (as related to x-ray linear attenuation coefficient) to be 
performed in any orientation throughout the volume of an object that has been scanned with the CT 
system. Tables 1.0 and 2.0 list the benefits and limitations of CT for composite materials and structures 
that result from the capability and complexity of the CT measurements. 
 Table 1.0 -Capabilities of computed tomography for NDE of Composites 

 



  Table 2.0 - Limitations of computed tomography for NDE of composites 

 
Composite materials, because of their non-homogeneous, anisotropic characteristics, pose significant 
challenges for defect detection and materials property characterization. Throughout their life cycle, 
composites are susceptible to the formation of many possible defects, primarily due to their multiple-
step production process, non homogeneous nature and brittle matrix. These defects include 
delaminations, matrix cracking, fiber fracture, fiber pull out, impact damage, ply gap, ply waviness, 
porosity that may appear in composite laminates and their effect on the structural performance can also 
have critical effect on the host structures. The use of composites in aerospace applications especially in 
dynamic rotor systems is largely due to their exceptional performances and high property- to-weight 
ratios. These materials are distinguished by their high strength and rigidity, low density, excellent 
damping properties and high resistances to impacting and corrosion combining with modifiable 
thermal expansion to complement complex characteristics profile. Because of their excellent 
mechanical properties, CFRP and GFRP materials have been widely used for critical dynamic 
components and structures, such as aircraft fuselage and wing structures, helicopter rotors and 
windmill blades, road and marine vehicle body structures, and bridges and large civil infrastructures.  
2.1 Computed Tomography (CT) attenuation measurements serve as a very sensitive indicator 
mechanisms of internal loss caused by microstructures and micro-structural alterations in the test 
material. This sensitivity stems from the ability of X-Ray Computed Tomography(CT) (of an 
appropriate kV rating) to interact with a variety of discontinuities including delamination, inclusions, 
FOD, grain boundaries, voids , fibre dislocations etc.observed during manufacturing and service. This 
also helps to improve compaction level between layers and in Structural Health Monitoring (SHM) 
related studies[15] on damage in aerospace composites structures. X-Ray Computed Tomography [3] 
is a robust NDE to characterize the defects and damage in composites for health monitoring of critical 
aircraft dynamic components in Helicopters and to extend the life of components. 
In the case of thick-wall, monolithic, self stiffened panels and sandwich composites, the conventional 
NDT-test procedures fail. The X-ray Computed Tomography (CT) as an imaging test procedure closes 
this gap and add more confident to evaluate the part through internal structure giving detailed 
information by sectional view presentation. CT is especially suitable for applications involving spatial 
analysis [1], differentiation, material identification, flaw analysis and structural quantification. This is 
made possible by the good spatial resolution and the very good resolution of density of the CT-
measurements. 
In this study, CT Number is correlated to percentage of resin rich, depth of ply waviness(amplitude), 
Fibre volume content, void content etc. Based on the correlation, the acceptable limits for CT Number 
is determined with respect to Resin percentage, ply waviness depth and fibre volume fraction. During 
curing of advanced Polymer Matrix composites, adequate pressure need to be applied, this 
consolidation pressure enhances compaction of lay-up, assist flow of resin to fill all the gaps and 



controls the void growth. Improper distribution of pressure results in changes in fibre volume fraction, 
voids and poor consolidation leading to poor quality which can be assessed during CT-Scan. 

                     
Fig 1.1 TYPICAL CT-SCAN MACHINE AT ACD-HAL            Fig 1.2 DSC MACHINE LOCATED AT ACD-HAL   
 
2.2 DIFFERENTIAL SCANNING CALORIMETRY (DSC) 
Differential scanning calorimetry (DSC) measures enthalpy changes in samples due to changes in their 
physical and chemical properties as a function of temperature or time.  
The Figure1.2 DSC[12,13] is used to measure melting temperature, heat of fusion, latent heat of 
melting, reaction energy and temperature, glass transition temperature, crystalline phase transition 
temperature and energy, precipitation energy and temperature, denaturization temperatures, oxidation 
induction times, and specific heat or heat capacity.DSC [11]  measures the amount of energy absorbed 
or released by a sample when it is heated or cooled, providing quantitative and qualitative data on 
endothermic (heat absorption) and exothermic (heat evolution) processes. 
Temperature can range from -120°C to 725°C, though an inert atmosphere is required above 600°C. 
The temperature is measured with a repeatability of ±0.1°C. 
Sample size: from 0.5mg to 100mg. 
Samples can be encapsulated in aluminum pans using a pan press. DSC [14] used to determine the 
thermal properties of plastics, adhesives, sealants, metal alloys, pharmaceutical materials, waxes, foods, 
lubricants, oils, catalysts, and fertilizers. 
1.3 APPLICATIONS OF DIFFERENTIAL SCANNING CALORIMETRY THERMAL ANALYSIS 
 Intermetallic phase formation temperatures and exothermal energies. 
 Oxidation temperature and oxidation energy. 
 Exothermal energy of polymer cure (as in epoxy adhesives), allows determination of the degree 

and rate of cure. 
 Determine the melting behavior of complex organic materials, both temperatures and enthalpies of 

melting can be used to determine purity of a material. 
3. PROCESS / TECHNICAL APPROACH  

With advancing technology, good design, manufacturing and quality control are major concern for 
Aerospace industry. A check for this quality comes in the form of defects or damages. These defects 
are prone to occur either during manufacture or during service operations. In case of composites, 
manufacturing defects can be during resin injection in fabrication, lay-up of “prepregs” 
(preimpregnated unidirectional fibers or woven fabrics with a resin matrix to produce a uniform lamina 
structure), or during autoclave processing of the laminates. Commonly occurring defects are out-of-
round holes, delamination due to deposition of foreign materials; debond due to moisture absorption 
and thus lack of binding between fiber and matrix, voids or porosity.  
The literature has standards readily available for the analysis of the effects of delamination defects. 
Aerosopace Composites Division of HAL practices the procedure of analyzing the effect of 
delamination on mechanical properties of components using these standards. Similar set of standards 
which relate the effect of resin rich, voids/porosity on the attenuation coefficients characteristics or 



mechanical strength reduction of the composite component is not available. This set of standards 
should relate the % of resin content / porosity in the component to the corresponding decrease in CT 
Number (HU) through Computed Tomography (CT) testing. Also it should give a relation 
between %porosity and the corresponding reduction in mechanical strength. This paper thus deals with 
layer waviness, resin rich, voids/porosity defects and aims at helping the Quality Assurance, NDT 
group in terms of defect analysis.  
3.1 Porosity and voids: 

Porosity is termed as the presence of a large number of microscopic air voids [17,18], typically 
in the range of 10μm. It may be caused by volatiles and entrained gases (air and water vapor) inside the 
resin/adhesive. While porosity can be considered a normal material property, it serves as a depository 
for diffused moisture. Similar to porosity at the composite interface as shown in Fig.3.1.1& 3.1.2, this 
flaw can occur inside the composite material. Initiating factors include volatiles given off during resin 
cure. In certain areas, when these micro voids combine together, they form a large void.  

                                    
Fig .3.1.1 CT-image shows Porosity noticed between layers             Fig .3.1.2 Free from Porosity (CT cross-sectional view)   
3.2 Autoclave processing: 

The autoclave as shown in the Fig.3.2.1 is a device that can generate a controlled pressure and 
temperature environment. While several autoclave types are available, all consist primarily of three 
units: a pressure vessel, a heating/cooling system, and a control unit. 

When prepreg based composites are processed using autoclaves, they undergo several steps 
prior to the actual autoclaving. The prepreg materials are stacked or laid-up to yield a laminate of the 
required dimensions. This is done either manually or by lay-up machines which place the individual 
plies of prepreg directly onto the treated tool surface.                                                    

The entire lay-up including prepreg plies, release film, and breather cloth is then covered with a 
vacuum bag. During the lay-up itself, periodical debulking is done using this vacuum bag, to remove 
the trapped air and for proper consolidation. After lay-up of all required prepreg layers, final vacuum 
bagging is done before. The entire vacuum bag/tool assembly is connected to vacuum lines prior to 
loading in the autoclave so that the laminates retain shape and are isolated from ambient moisture 
while they are waiting for autoclaving.  
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  Fig 3.2.1. Autoclave installed at ACD-HAL                           Fig 3.2.2 Cure cycle for carbon/epoxy 135o cured system   



Vacuum bagging has significant effects on the quality of the part produced. The bleeder used in the 
sequence acts to absorb excess resin leaving the prepreg during autoclaving. This is very important in 
reducing the void content in the cured laminate. The key processing variables in autoclaving are time, 
temperature, heat-up rate, pressure, vacuum, and cool-down rate. Proper control of these parameters, 
that is, sufficient high pressure (greater than Pmin), appropriate curing temperature based on the prepreg 
characteristics, and good functioning of vacuum helps in suppressing void formation to the greatest 
extent. Thus to know these parameters, a cure cycle is developed for each system and processing is 
done based on that.  

The cure cycle as shown in Fig.3.2.2. for carbon/epoxy 135o cured is used in manufacturing 
Advanced Light Helicopter (ALH) components. The Tg is around 150 0C; no post curing is required 
because the Tg and service temperatures are low. 
3.3 MRB SPECIMEN MANUFACTURING:  
Main Rotor Blade (MRB) is fabricated by closed mould technology utilizing several non-metallic 
materials through bonding process. Where-in layup is carried out on top and bottom moulds and foam 
core is positioned with other details in bottom mould. Then Top mould is positioned on the bottom 
mould and temperature and pressure is applied by Heating and pressure system integrated with the 
mould and layup is cured at 135 deg C.  
There are following stages in manufacture of raw MRB Blade manufacturing: 

a) Skin layup on top and bottom moulds  
b) Positioning  of pre-compacted  Spar pack 1 & 2 (Autoclave cured detail parts) on top and 

bottom moulds 
c) Core preparation 
d) Positioning of the core on the bottom mould 
e) Collar core  & tip core preparation and positioning 
f) Nose  block positioning and suiting  
g) Mould closing 
h) Curing operation 
i) De-moulding of fatigue specimen 

3.4 QUANTIFICATION OF FIBER COMPOSITE STRUCTURES 
By the representation of the material cross-sections by the attenuation coefficients the material cross-
section is available as a data record. So the material qualities become quantifiable. The medical 
scanners do not use directly the attenuation coefficients but the so-called CT-number. This number was 
established by Hounsfield. The Hounsfield scale standardises the reconstructed attenuation coefficients 
(µ) to the linear attenuation coefficient of water at a photon energy of 73 keV. 

Therefore water has by definition the CT-number zero. Cured epoxy resin is <50 HU&  Air has -1000 
HU, GFRP at 1200 up to 1400 HU and CFRP approx. 200 up to 500 HU. Computed Tomography 
mainly used for ensuring high reliability processes during manufacturing and it plays major role in 
Damage/defect detection, Structural Health Monitoring [16] and Material characterization. 

 

 

4. DEFECT DETECTION 
The normalization of the attenuation coefficients by the CT-number has the advantage, that materials 
of fiber composites become comparable. The CT-numbers are represented at the screen as grey value 
distribution. One grey value has always the same CT-number, independent of the maximum 

 
 



attenuation differences of the component. Therefore visually and quantitatively comparable CT-images 
are obtained. This is a quite essential prerequisite to analyze the CT-images automatically by image 
processing analysis. In the Computed Tomography [3] will be distinguished between the spatial 
(geometrical) and the density (contrast) resolution. In this paper the practical meaning of the resolution 
for the CT-check [19] on fiber composites is presented. 
 Variation in compaction, less fibre content [2, 4] and inadequate pressure during manufacturing. 
Optimum range of fiber volume ratio between 58-60% was not maintained. Due to variation in 
compaction and fiber volume ratio, delaminations /dark line indication observed in few fatigue 
specimens. Various composites defects are mentioned below: 
 

4.1 DETAILS OF DEFECTS IN MRB SPECIMENS  
Following types of defects are noticed: 
Resin Rich: Localized area filled with resin and lacking reinforcing material. An apparent 
accumulation of excess resin in a small, localized section visible on cut edges of molded surfaces, or 
internal to the structure and nonvisible. 
Delamination: Physical separation or loss of bond between laminate plies. 
Porosity: A condition of trapped pockets of air, gas, or vacuum within a solid material. Porosity is an 
aggregation of micro voids. 
Voids: Air or gas that has been trapped and cured into a laminate usually within the matrix.Voids are 
essentially incapable of transmitting structural stresses or nonradiative energy fields.  
Wrinkle : A surface imperfection in laminated plastics that has the appearance of a crease or fold in 
one or more outer sheets of the fabric or other base, which has been pressed in. 
Inclusion (FOD): - Any undesirable materials, which are inadvertently left in the bonding area of a 
composite structure. 
CT Images with various composite defects:  

                                   
Fig.4.1 : waviness noticed at surface level about 0.5mm depth  Fig .4.2 waviness noticed at mid-plane about 1.0mm depth   

                                      
Fig .4.3 waviness noticed at spar pack area  about 2.5-3mm depth          Fig .4.4 waviness noticed about 4.0mm depth 
          

     
Fig .4.5 waviness noticed at Mid-plane area about 1.5mm depth                Fig .4.6   Free from waviness 



         
Fig .4.7 Resin rich observed between layers                     Fig .4.8 Resin rich observed between layers  at mid-plane  

                     
Fig .4.9 waviness noticed at mid-plane about 2.5mm depth    Fig .4.10 waviness noticed about 1.5-2.0mm depth 
 
 5. MATERIAL CHARACTERISATION 

Material Characterization study can be experimented with the help of using Computed Tomography to evaluate the 
internal structure and properties of a material. Characterization can take the form of evaluating and correlating CT Number 
with process key compaction parameters of Fiber volume ratio, Temperature (on set temperature) and resin content, void 
content & performance of specimen (Maximum hours flown). Visual observation like resin starvation, discoloration 
analysis techniques are used simply to magnify the specimen, to visualize its internal structure and to gain knowledge to the 
distribution of compaction level within the specimen and their interactions. The figure below 5.1 shows DSC curves of a 
two-part room-temperature cured, low-shrinkage epoxy, with different resin to hardener ratios. The DSC Vs CT number 
curve shows the result for epoxy resin onset temperature to Density value (CTn) at that event. i.e pre-compaction stage 
condition. The endothermic onset temperature of the prescribed mixture is 124-131°C and that of the CT number value is  
lesser at  more than 129°C and material also become more soft. CT number value is higher once On set temperature is less 
than 124 deg C and material also become too hard. The total endothermic energies are also different. Therefore, DSC can 
be used as a tool for quality control of epoxy mixture ratios. 

The higher DSC onset temperature shows that less compaction (under curing) and lower DSC onset temperature [13] shows 
that abnormal compaction (over curing) at the time of precompaction stage. In order to achieve good precompaction we 
need to optimize the onset temperature limit between 126-129 deg C. This optimized limit will give good compaction as 
well as consistency in process also. DSC plot in the figure below shows the endotherm which results when the sample was 
heated at a rate of 5°C/min. from 75°C to 150°C in nitrogen gas flowing at a rate of 25ml/min [12].The figure 5.2 shows 
correlation curve drawn between CT Number and DSC Onset temperature. Due to poor compaction CT Number reduces 
accordingly Onset temperature increases it shows that inversely proportional. If compaction is over cured and it shows that 
CT Number is increases ant Onset temperature decreases.  

  

5.1 Relationship between % of compaction level (FVR) & Onset 

temperature (deg C) 

FIG.5.2 Relationship between CT Number & Onset temperature (deg C) 



Due to improper and varying compaction level the following process problems are encounter they are: Low mechanical 
strength, void content, less fibre volume ratio and dark line indication. CT Measurements with GFRP and CFRP-fiber 
samples with various resin content (% of resin), different depth of layer waviness, void content [2]. The figure 5.7 shown 
that there is a linear correlation between CT Number & fiber volume ratio. The figure 5.2, 5.4, 5.5, 5.7- CT Number & 
Maximum hours flown is inversely proportional to % of Resin content. The figure 5.3, 5.6 -Depth of layer waviness [5] is 
decreasing and CT Number is increasing and Maximum hours of blades flown without delamination also more.     

 
 

Fig.5.3 Relationship between Maximum depth of waviness & Maximum 
hours flown without delamination 

Fig.5.4 Relationship between % of Resin content & maximum hours 
flown without delamination 

 
 

FIG: 5.5. Relationship between % of  Resin content  & CT number (HU) FIG: 5.6. Relationship between Maximum depth of waviness & CT 
number (HU) 

 
 

FIG :5.7  Relationship between fiber volume content & CT Number Fig.5.8 Relationship between CT Number & maximum hours flown 
without delamination 

The Fiber volume ratio is plotted and shows that a better correlation between fiber volume ratio with increase in service 
hours (Maximum hours flown) of blades, CT Number[20] and decrease in depth of Layer waviness [5] (superficially) & 
dark line indication with respect to proper compaction.  
It is found that, % of Resin content inversely proportional to service hours (Maximum hours flown) of blades & CT 
Number. Depth of layer waviness is inversely proportional to CT Number & service hours (Maximum hours flown) of 
blades and dark line indication (delamination). After improving fiber volume ratio as per the required range of 58-60 %, 
Computed Tomography (CT) carried out after test  and clearly shows that there is  no dark line indication (delamination) 
found and superficially layer waviness observed at top skin layers to ensure the  better compaction level [8]. 

 

 
SPECIMEN with Resin rich & poor compaction of higher Onset 
temperature & low CT number        (FVR: 52-54%) 

SPECIMEN with LESS waviness noticed at surface level about 0.3-0.5mm 
depth (FVR: 57-59%)      



  
BEFORE  & AFTER SERVICE (739:30Hrs flown) with  minimum layer 
waviness at surface level(0.3mm depth) optimized onset temperature of 
126-129 deg  C  & CT Number of 1000-1200 HU  (FVR-58%) –NO 
DEFECT NOTICED  

AFTER SERVICE (1747:46Hrs flown) with  No layer waviness at surface 
level - optimized onset temperature of 126-129 deg  C & CT Number of 
1060-1250 HU  (FVR-59.2%)  –NO DEFECT NOTICED  

  
AFTER SERVICE (1747:46Hrs flown) with  layer waviness of 3.0mm 
depth - onset temperature of 122-124 deg  C and  130-132 deg  C & CT 
Number of 820-860HU  (FVR:55-56.5%)  (DELAMINATION 
NOTICED)    

AFTER SERVICE (1206.41Hrs flown) with  layer waviness of 4.0mm 
depth - onset temperature of 122-124 deg  C and  130-132 deg  C & CT 
Number of 790-820HU  (FVR:54-56%)  (DELAMINATION NOTICED)   

  

AFTER SERVICE (1246:25Hrs flown) with  no layer waviness optimized 
onset temperature of 126-129 deg  C  & CT Number of 1060-1210 HU  
(FVR-58.5%) –NO delamination observed.   

AFTER SERVICE (1654:35Hrs flown) with  no layer waviness & resin 
rich & CT Number of 1080-1245 HU  (FVR-58-59%) – NO delamination 
observed.   

It is concluded that, proper fiber volume ratio and optimized onset temperature of DSC value increases the service life of 
the Blades [10] and reduces delamination / damage during flight. Optimization of  dynamic systems need this process 
control approach through CT  & DSC observation and correct the process then  and there to improve the part  as well as 
process quality for better performance of the dynamic systems. By this way we can extend the life of the dynamic systems.   

Computed Tomography carried out under various fatigue cycles & service schedule and formulate the data before and after 
service conditions, the ability to normalize the data becomes very important to the damage identification process. As it 
applies to SHM, data normalization is the process of separating changes in CT Number reading caused by damage from 
those caused by varying operational and environmental conditions.      

6. CONCLUSION 
This study experiments the fiber volume ratio, resin content, dark line indication (delamination) and layer waviness 
characteristics by the use of Computed Tomography (CT).Fatigue specimens (blades) of laminated composites, resin 
content with varying fiber volume ratio and layer waviness, are subjected to fatigue loading  at various service hours. 
Computed Tomography is used to observe matrix cracks, performance of blades and overall delamination propagation; 
whilst Computed Tomography is exploited to examine cross-sectional views showing detailed internal information about 
fiber volume ratio and through-thickness matrix cracks distribution and 3D delamination damage pattern. 
Computed Tomography [6] reveals that low fiber volume ratio, resin-rich greatly reduces service life of blades as well as 
and increases delamination growth. Specimens with optimum fiber volume ratio and appropriate CT number (density) 
proper compaction level are more capable of impeding dark line indication (delamination) growth by effectively bridging 
delamination initiation and arrest matrix crack propagation. It is also found that low fiber volume ratio act as crack 



initiation sites, due to the presence of resin-rich pockets, layer waviness thus resulting in densely resin pockets having more 
matrix cracks upon fatigue loading. 
CT continuously used in HAL for evaluating blades life cycle from the rotor blade development, series production and 
maintenance and enhancing the dynamic component life based on the CT results. During the development of the helicopters 
programme, quality and the life time of the rotor blades became verified decisively by use of the CT. In the series 
production the quality of the rotor blades of the helicopter programme is checked by means of CT and improved step by 
step based on the fatigue results with optimized fiber volume ratio. If CT is used consistently throughout the development, 
production and maintenance robust CT NDE methodology can help increasing the quality and fatigue behaviour of 
dynamically loaded helicopter components made of carbon [7] composite materials and monitor integral structural of the 
component. Computed Tomography(CT) imaging for considerable use in engineering development, problem solving, and 
production of composite components (particularly carbon and glass composite components)  & the ability to track the 
integrity of individual components by greatly simplifying the process analysis. 
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