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Abstract 

In this work presents nondestructive inspection of different aerospace composite materials and structures using 

Line Scanning Thermography (LST). LST is a non-contact inspection method based in dynamic thermography. 

The LST technique provides a quick and efficient methodology to scan wide areas rapidly; the technique has 

been used on the inspection of complex geometry composite structures like composite propellers, and motor case 

tubes among others. In composite structures, the detection of flaws (disbonds and delamination) is critical for 

accessing overall structural integrity, the use of dynamic thermography is particularly attractive. An important 

factor in the application of LST is the optimization of the scanning parameters namely heat deposition and 

scanning velocity; these parameters are selected given the thickness of the composite, the defect depth and the 

thermal properties of the material under study.    In this paper, protocols to inspect laminate and sandwich 

composite panels, as well as complex geometry structures  will be presented, and the thermal images acquired 

using LST will be compared with ultrasonic c-scans to identify the type of defects than can be easily detected 

using  noncontact thermography inspection.  

. 
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1.  Introduction 
 

To reduce weight and improve strength in the aerospace industry, composite structures have 

gained popularity as a replacement for conventional materials and structures. With the large 

increase in the use of composite materials and honeycomb structures, the need for high speed, 

large area inspection for fracture and sub-surface defects in aircraft, missiles and marine 

composites  have led to the application of infrared based NDT methods.   

 

Damage to composites is not always visible to the naked eye and the extent of damage in 

structural components is best determined for by suitable NDE  techniques. Smart methods for 

assessing the integrity of a composite structure are essential to both reduce manufacturing 

costs and out of service time of the structure due to maintenance [1]. Nowadays, thermal non-

destructive testing (NDT) is commonly used for assessing composites. The ultimate selection 

of an NDE  technique for the detection  a defect or failure mechanism depends on the flaw 

type, material properties, accessibility, sensitivity required, as well as time available to 

perform the inspection; in many cases, given the complexity in shape and/ or material 

composition of the part or structure and  a single NDE technique might not be sufficient to 

inspect a system.  

 

This study focuses on the use of Line Scanning Thermography, which is a type of dynamic 

thermography, and its goal is to provide general information of when application of thermal 

imaging is feasible as NDE and the limitations of this technique.  Thermal NDE methods 

involve the measurement or mapping of surface temperatures as heat flows through the object 

of interest.  

 

 

 

5th International Symposium on NDT in Aerospace, 13-15th November 2013, Singapore

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=1
49

64



1.1 Thermography in NDT 
 

Thermography is an NDE technique that presents the following key advantages in comparison 

with other NDE available technologies, namely: 

• It is non-contact and non-invasive. 

• It can inspect relatively large areas in a single snapshot. 

• The data is in nature pictorial, which might help the inspector reach rapid decisions. 

• The current price of IR cameras is now competitive with other NDT equipment. 

• The security of personnel is guaranteed when compared to radiography. 

 

In the following sections of this paper, we present  results of tests using LST on various 

composite structures and materials commonly used in the Aerospace. Only thermal images 

obtained using  Line Scanning Thermography  will be shown, as  LST it is the technique that 

the authors work with and do research on. There are several published studies using other 

types of dynamic thermography techniques in these same types of composites published 

elsewhere [2-3].  

 

This paper presents a summary of feasibility studies using  Line Scanning Thermography  

(LST) performed to detect composite damage or embedded defects in both test panels and 

simple structures. The goal of the tests performed was  to determine if  LST can be used  for 

quickly and accurately assessing damage extent and  to minimize the possibility of structure 

failure.  This paper presents inspection results of various composite parts, such as solid 

laminates, with and without substructures, sandwich panels with various types of cores, repair 

patches, and simple substructures.  

 

1.2 Line Scanning Thermography 

 
After heat deposition in a dynamic thermography technique; internal flaws in the material 

show up by variations in both the surface temperature distribution and the transient surface 

temperature decay rate.  Depending on the protocol followed to deposit energy over the 

surface of interest,  the active thermography technique is further classified.  

 

Line Scanning Thermography (LST), is a dynamic thermography technique patented by 

NASA[4-5]. This technique deposits heat along a thin line which is swept from edge to edge 

of the surface under inspection.  An IR camera moves in tandem with the heat source at a set 

speed, and it is able to capture the thermal profile of the sample after the heat deposition took 

place.  A diagram of the basic setup is shown in Fig. 1, where one can observe that the field of 

view of the camera is restricted to an area of the sample surrounding the heat application 

region.  During the scan, the temperature of the region swept by the heat source increases, 

whereas the surface temperature of the region in front of the heat application remains 

constant. One of the disadvantages of LST is that the scanning speed and heat intensity should 

be optimized to match the heat diffusion; a thin material with good thermal conductivity will 

require fast scanning speed and significant heat deposition; on the other hand, a thick material 

or a material with lower thermal conductivity will require a slower scan with a reduced heat 

deposition intensity.   
 



 

Figure 1.  Set up of LST were camera and heat source move in tandem through the surface to be 

inspected.  The image on the left shows a side view of the heat source, IR camera and the surface being 

studied.  The image on the right shows the LST thermal image generated by stacking a selected pixel line 

captured in every frame. 

 
In Line Scanning Thermography (LST), heat is deposited in the form of a thin line along the length of 

the scan. The heat source is always on during the scan and the camera moves in tandem with the heat 

source always observing the same area with respect to the heat deposition location. In LST the user 

sets scan velocity, index resolution, scan length and heat deposition intensity.  The scan length 

determines the total length of the thermal image that will be generated using the LST protocol as 

shown in Figure 2. The vertical resolution of the LST image is given by the camera frame rate, the 

index resolution and the speed of the scan (i.e. the velocity at which the heat source and IR camera 

move along the surface scanned).  

 

 
Figure 2. Panel showing the observation gate selection with respect to the heat deposition 

location. The LST thermal image is generated by stacking the selected observation line from all 

frames recorded during the scan. The panel of the right shows a  collection of LST thermal 

images generated using different observation gates. The images show the same scale and 

represent how the surface temperature drops after heat deposition. 

  

 

The LST technique is able to produce a series of images of the whole area scanned. Each image in the 

series shows the surface temperature distribution at a given time after heat deposition. The images are 

generated by defining an observation window or a given pixel line from all frames acquired from the 

camera during the scan.  The final image or image of the whole area scanned is formed by stacking the 

selected pixel line from all the frames captured during the scan. When using images with a sensor 

resolution of 240x320 pixels, a maximum of 240 images of the whole area can be constructed. The 

time elapsed between consecutive pixel lines depends on the scanning speed and the camera frame 

rate. Figure 2 shows an example of the images that can be generated using the LST technique 

following heat deposition. The images show the same scale and were generated using different 

observation windows.  Each image in the series shows the surface temperature distribution of the 



whole area scanned at a given time after heat deposition; the time is defined by the distance between 

the heat application and the observation gate, and the speed at which the scan is set.  

 

Observation of a defect using LST requires proper optimization of the scanning parameters (i.e. scan 

velocity, and heat deposition intensity), as these determine the section of the cooling curve that will be 

observed, and it should match the speed at which the energy diffuses inside the material; and the 

amount of heat deposited over the surface should be sufficient to  produce a thermal gradient between 

the defect and the sound area. Particularly, when scanning thin materials displaying good thermal 

conductivities,  the scanning speed should be set higher than the speed used on materials that have 

lower thermal diffusivities. Scanning at high speeds provides observation of earlier times after heat 

deposition, and scanning at lower speeds provides  images corresponding to latter observation times. 

In addition one should consider that if the heat deposition is kept the same  ( ) in two scans performed 

at speed and , then the scan performed at speed  is depositing half the amount of heat that 

the scan performed at speed .  With this in mind, in LST when scanning materials that have low 

thermal diffusivities one should use lower speeds and low heat deposition intensities, and for scanning 

thin materials or materials with high thermal diffusivity one should use high heat deposition intensities 

and scanning speeds.    

 

2.  Methodology 
As examples showing the use of thermography, and particularly LST, for the non destructive 

evaluation of composite parts and structures, this paper shows results on both solid laminate and 

sandwich composites with inserts, impact damage or damage produced during service. Some scans of 

composite patch repairs performed  to assess the bond in the repair are also presented.  Most of 

the tests or cases presented correspond to test coupons fabricated to assess the feasibility and 

sensitivity of LST as an inspection technique. The examples use composites of different thickness 

and material composition and different scanning protocols were performed depending on 

these characteristics.    
 

The LST scans presented herein were obtained using our laboratory set up which performs vertical 

scans of up to five feet in length and 16 inches of width. The system employs a cooled infrared camera 

working in the mid wave infrared range (3-5 micrometers). The lamp employed in the system 

corresponds to a quartz lamp that is 16 inches long and able to deposit 3200W of energy  across the 

length when set to its maximum operating power. During the LST scans, energy is deposited over the 

surface of interest in the form of a line 0.25 inches thick.  The heat deposition is controlled as a 

percentile value of the maximum deliverable power (3200W).  The surface to be inspected was 

positioned facing the heat source as required by the LST technique (Figure 1). The samples were 

positioned vertically in the direction of the scan. 

 

2.1 Summary And Classification Of Samples Studied 
In this study, the panels or structures studied have either fabricated defects, inserts of different 

materials, or real defects produced during service.  Some scans show composite patch repairs, 

and were  performed  to assess the bond in the repair. Finally scans of simple geometry 

structures are presented to show the applicability of the technique in both manufacturing and 

field applications. The examples presented correspond to composites of different thickness 

and material composition and different scanning protocols were performed depending on 

these characteristics.    

 

The results presented are divided into 3 groups or families:  1) laminate samples, 2) sandwich 

samples and 3) complex geometry/ structure samples (mostly consisting on  laminate 

composites). Within each family of composites studied, we show samples with three main 

types of defects:  a) fabricated defects,  b) impact damage, and c) patch repair.   

 



3.  Presentation and Discussion of Results 
3.1 Analysis of  Solid Laminate Composites (Group #1) 
3.1.1 Solid Laminate Panels with fabricated defects 

Several solid laminate test coupons containing bonded substructures and various types of 

inserts (flat bottom holes (FBH), pull tabs (PT), Teflon pillow inserts (TP) and Grafoil (GF) 

inserts) were studied. The thermal image of a part containing a substructure of the same 

material as the composite panel, will show in general a darker region in the area occupied by 

the substructure. Figure 3  shows the map of defects, as well as LST thermal images generated 

at different observation times or using different scanning parameters (scanning speed and heat 

deposition intensity).  A  hot spot is produced by the presence of FBH and PI. The GF inserts 

are observed as a darker area, but with limited contrast.  

 

In test piece shown in Fig. 3 an increase in the signal or surface temperature is observed at 

one edge due to the tapering or gradual thickness reduction in the sample. The darkening in 

the region where the substructure is present due to the increase in  material thickness. The top 

row of thermal images shown in Figure 3 corresponds to a fast scan (V=1.5 in/s) and earlier 

times after heat deposition, for that reason  the substructure is not apparent in these images; as 

a slower scan was performed (bottom line of  images in Figure 3) and latter observation times 

are generated by the scan, the substructure and signal increase due to the thickness reduction 

starts to be observed.  

 

 
 

Figure 3. Left: Carbon composite test coupon containing flat bottom holes (FBH) of different 

sizes and depths and substructural elements.  The left hand side part of the figure shows the 

defect map, a characteristic thermal image generated using LST, and a picture of the surface 

inspected. The thermal image corresponds to the mirror image of the defect map. The right 

hand side images show scans at different velocities.   
 

3.1.2 Solid Laminate Panels with Impact damage 
As an example of impact region detection and characterization, we present a study performed on 

solid laminate samples impacted with ice balls of different diameters and velocities to simulate hail 

damage on composite skins used in modern aircraft fuselage. The goal of the study was to create 

BVID and evaluate the sensitivity of different non destructive evaluation techniques, such as LST 

among others, in detecting and sizing the damaged area. The solid laminates used were carbon 



composite panels fabricated using BMS8-276N uniaxial material; the panels consisted of 8, 16, and 

24 ply configurations (12” x 12”).  

 Figure 4 shows a summary of the samples studied, and a comparison of the LST results with an 

ultrasonic C-Scan performed using a 5MHz transducer. The examples presented in the figure below  

show that Thermal images generated using LST provided information about the region affected by 

impact damage. The regions showed increased temperature agree with the damaged regions marked 

using other NDT techniques. Because LST is a dynamic process, the observed size of the damaged 

region depends on the time after heat application at which the specimen is observed. 

 

 

 

Figure 4. LST scans and UT C-scans of solid laminate panes with barely visible damage (BVD). The 

comparison shows that both techniques are able to  detect the region affected by the impact.  

 

3.1.3 Solid Laminate Panels with impact damage and composite repairs 
As another example of the use of LST to assess  impact damage and composite repairs, Figure 5 shows 

a scan of a stiffened solid laminate panel with two repairs different repairs. The repair patches are 

covering areas affected by impact damage. The repair on the left is a taper sanded or scarf repair and 

the repair on the right is a patch repair  where the thickness of the original laminate is made up with 

filler plies and the repair materials are bonded to the surface of the laminate.  

 

 
 

Figure 5.  Two different composite repairs in a solid laminate stiffened panel. 

 



 

 

 

 

3.2 Analysis of Sandwich Composites (Group #2) 
3.2.1 Sandwich Panels with Fabricated Defects 

Scans of different test coupons with embedded defects, core spliced,  various  number of plies 

and with impact damage were performed.  Figure 6 shows  the interaction  of the heat front 

with the embedded defects for a composite containing 3 plies. In this set of thermal images 

the potted core was observed as a dark spot and it was visible since early stages after heating; 

the pillow insert indication was observed as a hot or bright spot in early stages, and for latter 

times, the indication turned into a dark spot and finally, the  machine-core defect was  

observed as a bright spot that showed lowest  contrast with respect to the sound region.   

 

 

 
 

Figure 6.  Thermal images of composite sandwich panels. The composite panels have 3 plies, 

and the sample contains four types of fabricated defects:  Machined core, pillow inserts, potted 

core and spliced core. The defect map is shown on the left, and the right hand side images 

show the thermal response at different times, indicating both the difference thermal response of 

the fabricated defects and the time require to obtain a contrast change in the region of the 

defect.  

 

3.2.2 Sandwich Panels with Impact Damage 

Figure 7 shows the region affected by impact on 6in-by-6in laminate sandwich composites 

with Nomex honeycomb core.  A total of nine specimens were studied on both sides using 

LST and immersion UT (Ultrasonic Test). For the LST scans, three samples were studied in a 

single scan set to a 28in length. The scanning speed used for the LST scans ranged between 

2in/s to 0.25in/s. The fast scans allowed observation times of up to 6s after heat deposition for 

a scanning speed of 2in/s to 50s when the 0.25in/s scanning speed was selected. The slower 

scans were performed to try to observe information from the aluminum honeycomb; however, 

it was observed that most of the damage generated was very superficial and a speed of 1in/s 

was selected for the inspection of all test coupons. Figure 7 shows both the LST images and 

the UT C-scans obtained for six of the samples scanned. The areas showing delamination in 

the LST and UT scans were calculated using a cluster analysis algorithm. It was consistently 

observed that areas detected by LST were slightly larger than those found using immersion 

UT. In this case, the region affected in the C-scans was defined when the UT amplitude fell 

below 15%.  
 



 
 

Figure 7.  Comparison of UT and LST scans of honeycomb sandwich panels with impact damage from 

various loading levels.  It was  consistently observed that  areas detected by LST were slightly higher than 

those found using immersion UT.  

 

3.3 Analysis Complex Composite Structures (Group #3) 
3.3.1 Impact damage detection in composite hardbacks used in a missile launcher 

Four hardbacks, that constitute a missile launcher in an attack helicopter, were inspected 

visually and by different NDT techniques, namely: line scanning thermography (LST), 

immersion ultrasound, and acousto ultrasonics.  The inspections were focused on the top 

surface of the hardback. Our previous studies have indicated that observation at early times 

after heat deposition shows the more severe regions where impact damage has occurred, and 

that as time is allowed for heat diffusion regions with less severe damage start to be observed 

[6]. Also our previous studies have indicated
 
that in order to observe the extent of the damage 

it was necessary to follow the transient temperature variation of a non defective area and 

compare against this the transient behavior of the defective area.   

 

In Fig. 8, the LST image difference is presented the image difference  allows to see the 

temperature change experienced by the part  a few seconds after  heat deposition (t=25s) and 

at a later time after heat deposition (t=57s).  Comparing the LST and C-scan images shown in 

Fig.8, one can observe that both techniques show damage around the same areas (dark areas 

in C-scans and white or bright areas in LST thermal image). The ultrasonic C-scans show 

more detail about the damage regions, but the LST technique is able to determine the region 

affected in a single scan that lasts 200s compared to 16 minutes.    

 

 

5.  Summary and Conclusions 
Many different NDT techniques can be used to inspect a system and the final selection 

depends of sensitivity, ease of deployment and allotted time for the inspection. Testing on test 

coupons with and without fabricated defects is necessary to compare between NDE 

techniques and to select the most appropriate for the inspection.  In general, thermography 

and the LST technique provide a way to inspect large areas in a short time. 

 

 

 



The success of LST depends on proper optimization of the scanning parameters, namely heat 

deposition and scanning speed, which should be set to match the heat diffusion in the 

material.  In this paper, we discussed the application of LST for the inspection of laminate and 

sandwich composites; LST was used to detect manufactured indications or defects, impact 

damage; and to  assess bond quality in both composite repairs and sandwich structures.  

 

 

 
 

FIGURE 8.  LST scans (top) obtained from the four hardbacks studied, and ultransonic C-Scans 

of the corresponding hardback. Parts 1 and 4 show larger low amplitude areas, which are expected 

to be associated to damage produced by impact. All the LST images presented correspond to the 

image difference between two observation times (t=25 and 57s). Note that the C-scan shows the 

mirror image.  

  

For these studies on solid laminate and sandwich structures with honeycomb cores, the time 

needed to be able to observe the indications in the samples studied  ranged between 1 and 30 

seconds.  The range of optimal speeds used varied between 5.08 cm/s (2in/s) for thin 

structures with 3 to 6 plies to 1.27 cm/s (0.5in/s) for thicker structures with up to 32 plies. 

Inspection of bonding of the laminate composite in sandwich structures with honeycomb core 

is also dictated by the thickness of the composite laminate; in the studies performed with 3 to 

12 plies,  the speed ranged between 5.08 cm/s (2in/s)  and  2.54 cm/s (1 in/s). The inspection 

of impact damage using LST allows for rapid identification of the area affected, the early 

times of the scans produce information about the area showing the most damage, and latter 

observation times allow to assess the whole extent of the region affected by the impact.   
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