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A composite structure impact damage propagation evaluation procedure using linear detector-
equipped X-ray computed tomography scanner has been put forward. An impact damaged carbon-fiber
samples research has been carried out to evaluate testing capabilities of internal delamination through
X-ray computed tomography using linear detector. A special emphasis of the research has been laid on
advanced composites. It is linked to the use of the composites for high-load structural elements and
necessity of adjusting manufacturing procedures. The procedure helps simplify linear detector
tomography analysis of delamination and verify mobile inspection methods data. Besides, the
procedure may be used for developing composite structure repair methods. The article includes an
example of tomographic image of impact-damaged samples linear attenuation coefficient distribution.
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Introduction

X-ray computed tomography is now the most promising non-destructive method involving
borescope inspection of the most critical structural elements dedicated to aerospace industry. Rich
tomographic data obtained through the method taking into account spatial position of cross-sections
being monitored includes not only bright images but also hundreds of thousands material properties
measures with precise spatial reference of each tomographic image element.

Aircraft engineering requires a vast employment of non-destructive methods for every life-
cycle stage. It is related to high stresses in structural elements which result in minimal weight of a
structure. The highest requirements for finished product non-destructive level are applied to
structures created through purpose-oriented manufacturing procedures which influence a material
structure. Such procedures include casting, welding, composite product production and so on [1-4].

Among the most precise methods of structure condition evaluation is X-ray computed
tomography procedure which helps to a high precision (up to 50 microns) reveal internal
discontinuities.

The main parameters of X-ray computed tomography evaluation are based on linear
attenuation coefficient analysis, the value of which is dependent on a material density. The
coefficient has been applied as the basis for developing a number of parameters to evaluate
structure condition [5].

1. Experimental procedure

A traditional application of X-ray tomography is searching for internal defects which appear at
various stages of a product life cycle. This method is mostly used in manufacturing for casting,
welding, composite production and additive technologies. As far as operation is concerned the
method is applied for polymeric composites since they feature developing internal damages.

In the context of works performed at MAI (National Research University) Production Planning
and Quality Control department the following primary applications of X-ray computed tomography
method dedicated to aircraft engineering have been highlighted:
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1) Design stage:

— Developing new behavior models of polymeric composites at static and fatigue loading;

— Evaluating influence of processing factors on polymeric composite structure in regular areas
and areas of concern of structures being designed;

— Studying a process of accumulation and propagation of damages with layer-by-layer
analysis.

2) Developing manufacturing procedures:

— Adjusting parameter of purpose-oriented manufacturing procedures;

— Defining defect standards acceptable for operation and repair;

— Verifying and detailing (developing methods) capabilities of other non-destructive methods
for a certain structure.

3) Structural elements manufacturing stage:

— Selective or overall evaluation of quality of composite products and their elements;

— Verification of non-destructive methods dedicated to composite products in industrial
manufacturing.

4) Operational stage:

— Evaluating change of polymeric composite structure in high-load units and elements during
operation;

— Verification of non-destructive methods for polymeric composite products being operated.

The emphasis in the context of the research methods development is laid on polymeric
composite structures which have a number of dedicated damage propagation testing procedures [6,
7]. It is linked to the use of the composites for high-load structural elements and necessity of
adjusting manufacturing procedures.

One of the most dangerous types of polymeric composite operational damages is an impact
damage which results in heavy internal delamination. Aircraft structures have requirements as to
internal delamination area depending on its detection time through visual or instrumental methods.
Each structure may have individual requirements depending on applied testing methods and
compulsory inspection periods [8-13].

Ultrasonic and thermal (vacuum) methods are most spread for evaluating internal delamination
area. To obtain more detailed data received through these methods it is purposeful to verify them
during adjusting inspection methods. The analysis of internal delamination testing capabilities using
linear detector X-ray computed tomography involved a research dedicated to 30 and 50 Nm
impact-damaged carbon-fiber samples (Figure 1).

Fig. 1. Samples inspected. General view.
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2. Results of the experiment and their discussion

The testing method includes the following stages:

— Layer-by-layer scanning of faulty samples;

— Breakdown of plane sections into areas, which involve an area-averaged analysis of linear
attenuation coefficient and its mean square deviation;

— Generation of plane charts of coefficients distribution and analysis of internal defects area.

The necessity of such approach is caused by computed tomography limitations which include
inclination of linear attenuation coefficient diagram at two area interface. Thus, it makes composite
structure delamination analysis more complicated. You can see an example of impact-damaged
samples tomographic image in Figures 2.
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Fig. 2. Tomographic image and linear attenuation coefficient distribution diagram of impact-damaged
samples

Plane distribution charts for impact damage points are shown in figures 3 and 4. The dimension
of inspected area is 100x100 mm.
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Fig. 3. Mean square deviation distribution chart in impact damage area.



34  1SSN1811-1165 (Print); 24132179 (Online) Eurasian Physical Technical Joumal, 2019, Vol.16, No.2 (32)

Linear
attenuation
coefficient

m 5000-5100
M 5100-5200
™ 5200-5300
W 5300-5400
W 5400-5500

» 5500-5600

Linear
attenuation
coefficient

m 5000-5100
= 5100-5200
= 5200-5300
W 5300-5400

M 5400-5500

= 5500-5600

arca

Fig. 4. Linear attenuation coefficient distribution in impact damage area.

Conclusion

As you can see from the charts there is an apparent difference between the impact damage
distribution areas for various impact levels. Besides, one can observe that delamination area and
distribution may be evaluated through linear attenuation coefficient data, meanwhile mean square
deviation chart may be used to evaluate delamination expansion. The averaged characteristics is
allowed comparison of different types of materials and thicknesses of structures under the impact of
different energies.

The construction of flat maps of the propagation of defects under impact is peculiarity of the
proposed method. This map are useful for the finite elements method analysis of CM with averaged
mechanical characteristics. It are allowed residual strength of the material and compared results of
real tests with FEM results. This method make allowance all defects in structure unlike ultrasonic
methods (ultrasonic methods have shading of next to each other defects).

The suggested procedure helps simplify delamination analysis using linear detector
tomography scanner and verify mobile inspection methods data. In addition to this the procedure
may be applied for developing composite structure repair methods.
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