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Abstract 
This paper studies the sensitivity of ultrasound C-Scan to analyze damages caused by different heat cycles on a 
CFRP square panel by varying the temperature of heating and the time taken for heating. We have explored 18 
plies of balanced and symmetrical laminate (±45PW/ [0, 90]4S / ±45PW). The 0.3X0.3 m2 panel was divided 
into 16 small sections to impose various types of heat damages. The heat damage was caused using a heat gun 
and this damage was analyzed using Ultrasound Non-Destructive Technique. Heating at 4000C for 15minutes 
was seen to cause the first delamination in the specimen and is thus analyzed in detail. Two types of defects 
namely oxidation defects at the top woven layer and delamination defects in the middle layers have been noted. 
The C-Scan sensitivity to study the damage is then analyzed. 
 
Keywords: Carbon Fiber Reinforced Plastics (CFRP), Aerospace, Heat Damaging, Ultrasound, C- Scan, A-
Scan, Delamination, Defects. 
 

1. Introduction 
 

Fiber Reinforced Plastics are now widely used in the field of aerospace, marine, sports etc. 
The main reason for use is the superiority in structural properties compared to metals. 
However, such components are likely to be subjected to variety of Heat loads throughout their 
lifetime; examples of which include engine fires, lightning strikes, faulty repairs and weapon 
effects. Such heat loads can cause losses in mechanical strength, crack initiations and 
delamination on the working part [1]. To protect such components that are under heat loads, 
frequent inspections are a must and frequent routines are to be followed while inspections. 

 Several workers have examined the effects of high temperature overheating on loading 
conditions on composite structures used for Aircrafts, Marine and other concerned industries 
[eg: [1] [2] [3] [4]]. They have also shown depreciation in tensile properties of CFRP panels 
exposed to heat damages [2]. From these sources it is evident as to how important it is to 
characterize heat damages and thus prevent failures. 
       

To investigate these effects using non-destructive methods, this paper presents an 
experimental study utilizing the C-Scan apparatus to understand the sensitivity of the C-Scan 
in noting these damage. The research aims at providing new insights and information about 
the effectiveness of C-Scan in characterizing damages due to heat loads on CFRP specimen. 
Various heat damages are imposed on the specimen and C-Scan NDT technique is used to 
validate the damage extent in the CFRP laminate.  
 
2. Instrumentation and Testing Procedure 

 
The CFRP panel considered has an 18 layer symmetric lay up (±45PW/ [0, 90]4S / ±45PW) 
with a geometric dimension of 0.3X0.3X0.002 m3. Tests on the specimen were performed in 
the order described in sections 2.2. 
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2.1 Instrumentation 
 

The various Instruments used for both the experiments are described below in Table 1. 
 

Table 1. Instrumentation for the experiments performed 

Heat damaging C-Scan Imaging 

CFRP Sheet (Smaller squares drawn, each 
0.04X0.04m2 for testing). 

Ultra Scan 5 – Ultra sonic Inspection and 

Hot air gun - HG 4000E  Analysis System 

Apparatus to hold the heat gun. Ultrasound coupling gel. 
 

A reducer nozzle for the heat gun- Used for 
testing. 

Setup to process information from Ultra Scan 5 
to viewable data. 

 

Clamp to hold the CFRP Sheet.  

Infrared thermometer. 

 

The testing was conducted on the CFRP sheet by dividing the sheet into various smaller 
square sections and after every testing location a square is left unheated to prevent two 
damages to interact. 

2.2 Testing Procedure 
 

The experimentation can be divided into two parts described in Table 2.  
 

Table 2. Experimental procedures 
 

Heat Damaging Procedure C-Scan NDT Analysis 

Step1 Equipment Setup (Figure 1(a)) Step1 Damage Specimen 

Step2 Noting Initial Readings Step2 C-Scan Apparatus 
Setup (Figure 1(b)) 

 
Step3 

 
Set 1000C in the heat gun 

 
Step3 

Area to scan marked 
and ultrasound gel 
applied 

 
Step4 

 
Heating the section 

 
Step4 

 
Scanning in x-y plane 

 
Step5 

 
Tabulation of temperature 
Cycle 

 
Step5 

 
Result processed and 
A,B and C scans 
obtained 

 
Step6 

 
Visual Inspection of Specimen 

 
Step6 

 
Scans Compared with 
visual defects 



 

(a)                                                                             (b) 

Figure 1: Experimental setup for C-Scan (a) and Heat damaging (b). 
 

The heat damaged specimen is analyzed using an Ultra Scan 5, x-y Scanner (Probe 
Frequency: 5 MHz). The scan is automatic and the only input is the definition of scan. The 
Area to be scanned is dimensionally marked shown in the figure 2 below. 
 

                 

(a)                                                                      (b) 

Figure 2: Area for heat damaging (a) Front (b) Back (All dimensions shown above are in cm). 
 

The scanned area is marked with red borders and it was chosen with respect to the heating  
location. In this case the 4000C- 15min heat damage is analyzed from the front and back 
section of the panel. The center of the rectangle from which the area of scan begins is the 
Ultrasound Probe.   
  
3. Results 

 
The discussions on the results also can be divided based on the testing procedure. Here, the 
results obtained from the Heat damaging test would be discussed first followed by the results 
from the Ultrasound C-Scanning. 

3.1 Results from CFRP Heat Damaging. 
 
The analysis of the CFRP sheet after heat damaging was conducted mainly by visual 
inspection. The damaged specimen is shown below in figure 3 with description of heat 
damaging parameters. 



 

Figure 3: Heat damaged CFRP panel (Sections of heat damages also shown). 
 

1) Nature of Heat damages: Visibility can be equated to burns on the surface. It can be noted 
that for the smallest time of heating (15 min) only at 3000C surface burns were noted. The 
possible reason for the burns could be the epoxy in the matrix evaporating at that temperature. 
It was observed that there was indication of burns on the opposite side of heating, which 
indicates that the heating has passed through the entire specimen. 
2) Temperature noted using the calibrated infrared thermometer: Infra-red thermometers 
were used to measure the temperature of heating on the opposite end of heating. Carbon fiber 
in epoxy has a very good heat conductivity of 5-7 W/mk (in plane direction) and 0.5-0.8 
W/mk (in transverse direction) which compared to air is high (Heat conductivity of non- 
moving air: 0.026 W/mk) [5]. Thus, the measurements of temperature from the opposite end 
where the CFRP was heated gave values smaller than the heating temperature. 

3) Factors affecting the experiment: There were many variables for conducting the 
experiment. They are mentioned in random order below. 
a) Wind and temperature: Calibration of the infrared temperature was done after every point 
heated. The tests were conducted in Singapore, which has a tropic climate and thus 
temperature and wind varies constantly. 
b) Heat gun: The two different parameters that could be varied in the heat gun are the 
temperature and motor fan speed and thus the dynamic pressure. Experiments were conducted 
following the condition for fixed temperature attainment at a fixed fan speed. 
c) Infrared Thermometer: The parameter that could be varied in the Infrared Thermometer 
was the emissivity. For all the experiments conducted the emissivity value was set to one, 
which approximately corresponds to the emissivity of CFRP (approx. 0.98) [6]. The distance 
of the thermometer from the measurement surface was also kept constant throughout the tests 
(3-4 cm). 
d) Distance of heat gun from CFRP surface: The nozzle of the heat gun was placed 2mm from 
the surface of CFRP. It was an approximate distance considered so that a concentrated surface 



gets heated (approx. 40mm- the dia. of the nozzle). Heating CFRP with the nozzle kept on the 
surface could be dangerous as it could damage the motor of the heat gun. The distance of the 
gun nozzle from the CFRP surface is so that the emitted heated air can escape without 
damaging the motor. 
e) Nozzles: Another parameter of variation was the nozzle diameter. Most of the tests were 
conducted without using reducer nozzles. Some of the points of heating were heated using an 
additional reducer nozzle which has a 5mm diameter used for point heating/welding.  

3.2 Results from ultrasounds testing: 
 
The analysis of the heat damaged CFRP was conducted using the ultrasound C-Scanner. For 
beginning the test the most important area to testing needed to be recognized. Considering the 
fact that finding the area of heat damage initiation (temperature and time)  is more important 
than the end result of damage, tests were concentrated on finding the smallest temperature at 
which considerable damage was noted at the smallest heating time (first step). Analysis of the 
100 and 2000C defects using the C-Scan generated no defects in and around the area of heat 
application (Visual damage was also not noticeable). Then the 3000C (15-min) heated area 
was C-Scanned. The A-scan at the damaged section (3000C (15-min)) was also analyzed 
along with the B and C-Scan and it was seen that no drastic peaks are observed between the 
starting pulse and the back-scattered pulse implies no notable defects inside the material. 
Variations were observed in the C-Scan noted probably due to the scarcity of the coupling gel 
required for sound waves to pass through. 
Thus the next and the most important area of analysis on the specimen was 4000C with 15 
min. of heating. The next two sections describe in detail the A, B and the C scans observed in 
the area of concern. 

3.2.1 Results: C-Scan for heating 4000C -15 min (Front and back): 
 
Front: The scanned result for the front CFRP sheet for the 4000C and 15 minutes heating 
defect is described below. The orientation of the scan is established by fixing the starting 
point and the direction of scan. In this case the scan is inverted from the actual defect (Visual 
image). The scanned image and the actual shape of the defect can be approximately correlated 
as shown in figure 4 shown below. 
 

 

Figure 4: C-Scan image of CFRP damaged section: 4000C, 15min (Front) 
 

The correlation between the C-Scanned image and the CFRP sheet cannot be conformed until 
the lengths of the defects aren’t correlated. Thus using the Ultra Scan 5 software, the widest 
part of the defect was measured using a metric scale. The results are as described in table 3. 
Thus a correlation can now be made between the length of the defect from the C-Scan and the 
CFRP Specimen. The correlation can now be extended now knowing the diameter of the 
nozzle of the heat gun. It is now evident that the three parameters namely C-Scan image, 

CFRP SHEET
C-SCAN 

(INVERTED)



CFRP Sheet damage and the heat gun nozzle diameter are approximately the same. It can thus 
be said that C-Scan could define the defect with good precision (Evident from table 3). 

Back: A similar correlation can be made with respect to the defect sizing in the back. Here the 
scanning direction and an initial point fix the image of the C-Scan. In this case the direction of 
scan is in the same orientation of the defect. 

 

 

Figure 5: C-Scan image of CFRP damaged section: 4000C, 15min (Back) 
 

The correlation of the length of defect was difficult to define as the definition of the Damage 
on the opposite end of heating was difficult and an approximate length correlation was made 
with respect to the diagram shown above (figure 5) and they both define an approximate 
37mm defect, which in cross examination with the results obtained from the defect on the 
heating side confirms the defect sizing. 
 

Table 3. Correlation of lengths: Visual and C-Scan 

Measuring Section Length Measured 
C-Scan 

Length Measured 
on the CFRP 
Specimen 

Diameter of 
Nozzle 

C-Scan 
Error From 
Visual 

4000C-15min 
(Front) 

37mm 39mm  
40mm 
 

5.1% 

4000C-15min 
(Back) 

37mm 37mm 0% 

 
3.3 Results: Factors affecting the C-Scan:  
 
There are various factors that have to be known and understood while taking out the results 
from a C-Scan out of which few are described below. 
Backlash: In mechanical components such as gears, there could be gaps that are present 
between the combined motions in the gear system which can cause a phenomenon called 
backlash. In the case of using an Ultra Scan 5, which contains a system of gears for the x-y 
motion also generates backlash which is visible at the scans at the edges (figure 6(a)).     
Coupling gel: One of the components that are used for sound propagation in ultrasound is the 
coupling gel. Due to non-evenness of the gel on the surface of the testing material, some 
points on the C-Scan show no results (Figure 6(b)). During the tests, it should always be made 
sure that there is enough availability of the coupling gel, which avoids blank points. 
 

CFRP SHEET
C-SCAN 

IMAGE



                     
(a)                                                            (b) 

Figure 6: (a) describes the mechanical effects of backlash in the C-Scan robot. (b) Describes 
the effects of C-scan image due to less amount of coupling liquid.   

 

DGS Diagram: For specimens like CFRP which are always relatively thin and have a very 
small thickness, the near field effects have to be considered which is based on the DGS 
Diagram [7]. Considering the thickness of the specimen used (2mm), we can see that the gain 
(dB) values tend to go down to values close to 0.  

 
3.4  C-Scan Analysis using the corresponding A-Scans: 

 
A Scans and B Scans were analyzed at every point of the C-Scan (Damage point: 4000C 
heated for 15 min) on the front (heating side) and back (Behind the heating side) and the 
peculiar Scans are mentioned below. 
Front: Figure 7 shows the scanned image combined with the various B-Scans at 3 locations 
(1, 2 and 3). The scans shown above are important due to color variations defined by the B-
Scans along the depth. It can be seen from figure that there are 3 different color variations 
defined by B-Scans along the depth. The depth variation and thickness variation (shown in the 
Scan) are shown respectively. 
1) Blue: Shows the area where the sound waves from the probe has passed through the entire 
thickness and backscattered. 
2) Light Pink: This color defines the area where the sound wave reflects of very near to the 
starting of the wave i.e. almost 0.2-0.4 mm from the probe. 
3) Dark Pink: This color defines the area where the sound wave has reflected from half the 
thickness of the material (approx. 1mm). 

 
 

 

 

Point 1- A-Scan. 
Soundwaves pass 

through the entire 

thickness and 

backscatters.

Point 2- A-Scan. 
Soundwaves do not 

penitrate the entire 

thickness and 

bounces back at 1mm 

depth (0.5x total 
depth)

Point 3- A-Scan. 
Soundwaves do not 

penitrate the entire 

thickness and bounces 

back at approx. 

0.4mm depth.



 

 

 Figure 7: A, B and C- Scans of the damaged area: 4000C, 15min (Front) 
 

Back: A-Scans of the opposite surface were also considered to verify the results obtained 
from the heating surface (Front). The various A-Scans and B-Scans shown below define the 
defect as observed from the back surface (figure 8). 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 8: A, B and C- Scans of the damaged area: 4000C, 15min (Back) 
 

Point 1- A-Scan. 
Soundwaves pass 

through the entire 

thickness and 

backscatters.

Point 2- A-Scan. 
Soundwaves do not 

penitrate the entire 

thickness and 

bounces back mostly 

at 1mm depth (0.5x 
total depth)

Point 3- A-Scan. 
Soundwaves do not 

penitrate the entire 

thickness and 

bounces back at 

approx. 0.2mm-
0.4mm depth.



It can be seen that as observed from the front, three different colorations are observed. The 
three colors are defined exactly similar to the ones observed when scanned from the front. 
The following observations can be made by comparing the front and the back scans (table 4). 

1) The length of the defects observed are approximately the same (37mm) 
2) Two basic defects can be observed from both sides 
a) Close to surface defects- 0.2-0.4mm from the probe. 
b) Defects at 1mm (half thickness of the material).    

               
Table 4. Observed C-Scan Variations 

 
3.5 Other Results: 

 
There are other results obtained which could be further analyzed. For the sections on the plate 
where the reducer nozzles are used it is noticed that no defects are present which could be due 
to the inclination of the nozzle causing more heat losses. Thermography performed at these 
sections confirm the absence of defects (figure 9). Thus C-Scan sensitivity can be 
complimented with respect to the results from the thermography. 

     

 

 

 

 

 

 

 

Figure 9: Thermography imaging of areas heated using smaller diameter nozzles 
 

4. Conclusions 
 

Defect definition: It can be seen that there are two defect definitions. One being a defect 
close to the surface (0.2-0.4mm from the surface) and the other being at the center of the 
specimen (at 1mm).  
Defect near the surface: The CFRP specimens have two woven layers on the top and bottom. 
It can be a possibility that the defect close to the surface could be due to adhesive failure in 
the woven layer. Due to the damages in the woven layer the sound waves get bounced and the 
defect below the surface gets hidden which makes the defects below not completely visible to 
ultrasound.  

Front Back 
x coordinate: 15mm 
y coordinate: 33.8mm 
Point 1 Thickness= 1.8mm 
Point 2 Thickness= 1mm 
Point 3 Thickness= 0.2-0.4mm 

x coordinate: 46.8mm 
y coordinate: 30.6mm 
Point 1 Thickness= 1.8mm 
Point 2 Thickness= 0.9mm 
Point 3 Thickness= 0.2-0.4mm 



Defect at 1mm: The defects below the surface could be because of delamination in the center 
caused by fumes caused due to epoxy vaporizing. As the center of the specimen forms the 
neutral layer there could be delamination formed in the center as described by defects found 
in the C-Scan. 
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