
International Journal of Emerging Trends in Engineering and Development                    Issue 7, Vol. 2 (March 2017) 

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 

©2017 RS Publication, rspublicationhouse@gmail.com Page 36 
 

Detection and localization of defects in composite material 

using the non-destructive testing methods: Ultrasonic and 

Infrared Thermography 

 
Fatima Khathyri

1
, Bachir Elkihel

#1
, Abd al motalib.Berrehili

#1
, Fabienne. Delaunois

#2 

, Imad Manssouri
#3 (*)

 

#1 Laboratory of Industrial Engineering, Maintenance and Mechanical Production, ENSAO, 

Oujda, Morocco. 

#2 Laboratory of Metallurgy, University of Mons, Metallurgy Service, Mons, Belgium. 

#3
 
Laboratory of Mechanics, Mechatronics and Command, ENSAM, Moulay Ismail University, 

Meknes, Morocco. 

 
(*) 

Corresponding author: Imad Manssouri 

 

 

 

ABSTRACT  

 

Nowadays, the material composite are used by many industries. There are used in various fields 

such as aeronautics and aerospace ..., for their highly innovative mechanical properties. 

However, the defects are probably producing, during fabrication or use. It is therefore important 

to inspect composite structures to ensure their integrity. The aim of our work is to perform non-

destructive control (NDT) for a composite carbon / epoxy (laminate type) by using two methods: 

the ultrasound (phased array) and infrared thermography, to highlight existing defects. 
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INTRODUCTION  

Actually, composite are increasingly being used in advanced field (aerospace, naval and 

automotive), due to their highly innovative mechanical properties. They result from the 

combination of at least two immiscible materials of different natures to achieve a composite with 

higher performance [1]. Indeed, these materials represent a high strength-to-weight ratio, 

corrosion resistance and vibration damping [2]. 

However, composites have several weaknesses, whose their low tolerance to damage, which 

slow down the development of these materials [3]. These damages are the result of impacts that 

do not give rise to a complete penetration of the laminate can cause a barely visible internal 

damage able to significantly reducing residual performance of a composite structure. [2]. 
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For that, many non-destructive inspection techniques are available, but none can be considered 

superior and very effective. In fact, each technique has its limitations and its application fields. 

These techniques insure the evaluation and inspection of materials for finding defect without 

causing any damage during production, use, or under maintenance context. 

Among the methods of NDT, the thermography has become a relatively recent addition. It allows 

obtaining remotely the thermal information, without any destruction, in real time, and in a two-

dimensional way [4]. In addition, anybody at a different temperature from 0 ° K emits a certain 

amount of infrared energy can be detected and recorded by thermal cameras. This camera, 

measure the thermal energy and allows it to convert into electrical pulses, which are displayed as 

a thermal images with a thermal gradient. 

Using this technique, damage and defects can be detected due to of the abnormal thermal 

response. Indeed, this technique has been successfully used for surveillance applications to 

several conditions such as inspection of civil structures, electrical equipment, plastic 

deformation, traction deformation, fatigue damage, and welding control. [5] 

The ultrasound is currently one of NDT techniques most commonly used and accepted that have 

proven to provide effective and reliable results with relatively low cost [6]. However, this 

technique offers many advantages over other techniques: a significant penetrating power, 

precision in fault location, satisfactory sensitivity to the detection of defects, speed and the 

ability to use only one face of the test object. The use of this technique allows probing the 

material without altering the inspected pieces. The general principle is to excite the controlled 

piece with an ultrasonic pulse wave. Each time the ultrasonic wave encounter a discontinuity, 

some of its energy is reflected to the surface, which resulting in the appearance of echoes on the 

recorded signal. 

The aim of this work focuses on the detection and location of existing defects in a composite 

material carbon / epoxy [7]. To do that we performed an inspections using two methods. So we 

search to determining the limits of detection and complementarity of these methods. The 

different tests are performed on a laminated composite material having several defects. 

For each technique, we focused on the definition of defect detection limits (size, localization in 

the thickness) in order to know the limitations of the methods used in relation to the critical flaw 

size. 

 

1. The used techniques 

1.1.The ultrasonic technology 

Phased array technology is among the NDT by ultrasound, which has proved in recent years. 

Indeed, the ultrasonic waves are generated from transducers which made up of individual 

elements that can each be independently driven [8]. These probes (piezoelectric Cristal) allow 

the conversation of an electronic signal into mechanical vibration and vice versa. In principle, 

the ultrasound wave generated by a transducer will travel in the test piece. Thus, this wave can 

be reflected by small reflector. 
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Fig 1: Electronic scanning 

 

In this work we use electronic scanning which consists of moving a beam in space by activating 

different active apertures sequentially, each one made up of several elements of a phased array 

probe. 

 

1.2.The active infrared thermography 

The infrared thermography consists to measuring the emitted flux of examined body. In this 

case it is excited through heating by using an external source. To do that an infrared camera is 

used for giving thermal images called "thermograph".[4] 

The infrared camera is used to display the thermal radiation. His principle is similar to that of 

an optical camera. It is consists of a germanium lens assembly and a CCD sensor (Charge 

Coupled Device), which translated the incident radiation into electric charges then they will be 

converted in colorful representation and so in visible image 

There are two methods of observation [9]: 

 By reflection 

 By transmission  

 

 

 

Fig 2: Infrared thermography by reflection (left) and by transmission (right) 

 

In addition, it is adapted more to defects detection on thin thicknesses. The defects are then 

revealed by studying the propagation of the heat flux. 
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2. Description of tests and measurement conditions 

These tests are designed to control a composite laminates material. It is made of woven fabric 

carbon fibers pre-impregnated with epoxy resin. Eight artificial defects are created with the   

milling machine. They are holes with a flat bottom which are creates in different sizes and in 

different depths. 

 

 

 

 

 

 

 

 

 

Fig 3: composite material 

 

Our study focuses on the measurement error for each method. This error represents the 

difference between the measured value and the real size of the defect. The ND means undetected 

defects. 

2.1.First test series : controlled by phased array 

In this first test the controls was done using an OmniScan SX device. It allows the excitement of 

translator elements with a suitable delay. It also allows receiving the signals and making them in 

the form of different representation (A-scan, S-Scan, and C-Scan). For this test, a single sensor is 

used (transceiver at a time). 

Our phased array ultrasonic translator is characterized by: 

 The number of element: 32 elements 

 Frequency: 5 MHz 

 The width of the probe: 22(mm) 

 The type of wave: longitudinal (L) 

The longitudinal wave propagation speed in the piece is: 3000 (m / s). 

 

Experimental results 

A-Scan, C-Scan and C-Scan represent an important point to view and interpret information 

collected by a translator. 

A-Scan:  is a basic representation obtained from a motionless translator. It detects a signal versus 

time. 

S-Scan: represents the section under the translator with different control angles. 

C-Scan: presentation technique that displays specimen data in a plan type view. 

We are performed a scanning, part by part manually. To obtain image of the all piece shown 

below.    
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Fig 4: Ultrasonic C-Scan of the piece 

 

Figures 5, 6 and 7 illustrate ultrasonic A & S-Scan. They allow us to visualize the effectiveness 

of the method in terms of detection in depth of the defects.  

 

 

 

 

 

 

 

 

 

Fig 5: ultrasonic A & S-Scan of a defect located at a depth of 1 mm. 

 

 

 

 

 

 

 

 

 

Fig 6: ultrasonic A & S-Scan of a defect located at a depth of 1.5 mm. 

 

 

 

 

 

 

 

 

 

Fig 7: ultrasonic A & S-Scan of a defect located at a depth of 3.5 mm. 
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According to the interpretation of the results of ultrasonic A, S & C-Scan, we came to describe 

the defects giving their positions and sizes. (Table 1) 

 In general, there is a hard attenuation of the ultrasonic beam. This phenomenon, results from the 

anisotropy of the material and his structure (the fiber orientation, the stack of layers). 

 

Table 1. Measurement of error values by the ultrasonic technique. 

 

N° of defects Depth (mm) Size L ; l (mm) The error measured 

depth (mm) 

1 1.5 15 ; 10 0.25 1.51 

2 3.5 15 ; 10 0.3 3.51 

3 1 8 ; 8 0.3 1 

4 1.5 8 ; 8 0.5 1.51 

5 3.5 8 ; 8 0.4 3.51 

6 1 6 ; 6 0.1 1 

7 1.5 6 ; 6 0.3 1.51 

8 3.5 6 ; 6 0.25 3.51 

 

2.2.Second test series : Control by thermography 

In this second test, we performed a remote control, using the two modes by reflection and 

transmission. 

For this, the following materials were used: 

 A projector: 500W 

 An infrared camera: FLIR T440 

 Software: FLIR Tools 

The test was conducted according to the following protocol: 

 Lights off, the experience was performed in a dark room. 

 Heating of the piece 14 seconds on average.   

2.2.1. Experimental results 

The results are presented as thermal image (thermogram). From Figure 6 we observe that the 

increase in temperature indicates the presence of defects in the piece. The contrast measured at 

the surface of the piece depends on the defect size, its distance to the surface and the temperature 

applied. 

2.2.1.1.Transmission mode 

The experimental device used in back side, consists in detecting the heat flow from the opposite 

side has its emission. 
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Fig 8: Camera infrared FLIR T440 (left) and thermogram (right) 

 

 

Table 2. Measurement of error values by the thermal technique. 

N° of defects Depth (mm) Size L ; l (mm) The error 

1 1.5 15 ; 10 3 

2 3.5 15 ; 10 ND 

3 1 8 ; 8 4 

4 1.5 8 ; 8 3 

5 3.5 8 ; 8 ND 

6 1 6 ; 6 3 

7 1.5 6 ; 6 ND 

8 3.5 6 ; 6 ND 

 

2.2.1.2.Reflection mode 

In this test, the transmission and detection of heat flow was performed on the same side. 

 

 

 

 

 

 

 

 

 

 

 

Fig 9: Thermal image 
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Table 3. Measurement of error values by the thermal technique. 

N° des défauts Profondeur (mm) La taille L ; l (mm) L’erreur 

1 1.5 15 ; 10 4 

2 3.5 15 ; 10 ND 

3 1 8 ; 8 4 

4 1.5 8 ; 8 5 

5 3.5 8 ; 8 ND 

6 1 6 ; 6 3 

7 1.5 6 ; 6 ND 

8 3.5 6 ; 6 ND 

 

3. Testing summary 

Our work was designed to study the limits of the methods used. For this we drew a histogram 

which includes the measurement errors of each method depending on the size and depth of the 

defects. 

Fig 10: Error Graph 

In the graph above, we see that only the ultrasound method detects all faults in the piece. In fact 

this method has proven most efficient for its accuracy (average error of 0.3mm) given by 

diameter and depth measurements of all faults in the piece. 

On the other hand, both infrared thermography techniques are less effective because they fail to 

detect deep and small defects. Thus, these techniques reach their limits of detection from 3.5 mm 

deep. 
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CONCLUSION  

The objective of this work is the comparison of non-destructive testing methods. The objective 

of this work is the comparison of non-destructive testing methods, ultrasonic (phased array) and 

thermal (transmission and reflection modes) for fault diagnosis of a composite material. 

According to this study we can say that the coupling of techniques (thermography and 

ultrasound) ensures the monitoring and detection of defects. Infrared thermography allows a 

global measure. In fact, this technique is more suitable for the rapid detection and contactless 

defects in low thicknesses. In contrast, the ultrasonic method is the most efficient in terms of 

speed and accuracy, it offers advantages including: electronic focusing of the beam deflection for 

emitting a beam at several angles of incidence and also the possibility of use only one side of the 

control object ... etc. 

Infrared thermography allows detection in the plan, while the ultrasound is more suitable for 

locating faults in the volume. Ultrasound is unable to detect faults located close to the surface. 

Finally, as a perspective, we deepen this study for detecting defects of finer sizes of (1mm), and 

in various structures of composite material (sandwich, unidirectional laminate…). 
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