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Abstract: 
X-rays are an indispensible probe for viewing internal details of objects through which it can 
penetrate. Though two dimensional projection imaging does provide first hand information about 
the object's interior, in-depth information can only be revealed by three dimensional tomography. 
We have developed a 3D X-ray Cone Beam Tomography System to cater to large objects having 
sectional  size ~ 600 mm. An industrial grade continuous potential X-ray generator in combination 
with a detector unit comprising of a large area scintillator, front coated glass mirror and scientific 
grade cooled charge coupled device (CCD) camera have been used for this development. We have 
designed our imaging chain keeping in mind easily and affordable technology and available off-the 
shelf equipments. Various samples have been tomographed in this system such as simulated waste 
drum, bulk polyurethane foam, simulated fuel assembly made of graphite etc. Design, development 
and experimental results is discussed in this paper. 
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1. Introduction: 
X-ray Tomography is an important tool for non-destructive testing and evaluation of fabricated 
components [1], developed systems and understanding the parameters controlling its fabrication by 
looking and making a virtual walkthrough inside it. Various subsystems and their parameters 
control the output of the tomograph. Development of X-ray tomography systems are driven by the 
requirement and availability of the components. Among them the foremost points are the types of 
object to be inspected, the resolution to achieve and the throughput time. The first two points are 
interdependent because looking into finer details in smaller samples is justified rather than in a very 
large object. This is in turn related to the focal spot size of the X-ray tube and the detector 
resolution. Presently imaging detectors with moderate to high resolution are available off the shelf 
and affordable. The discussion now boils down to the focal spot of the X-ray tube. The smaller the 
size, the finer is the detail achieved. But fine focal tubes come at a price and that too are limited by 
wattage (kV and mA). The current in the tube decides the available photon flux. If it is too less, the 
acquisition time is too large and vice versa. When the object under investigation is large enough say 
of the size of 500mm or more, the resolution required is ~ mm. In that case the X-ray tube focal 
spot can be of similar dimension and hence the tube wattage can be high to increase the throughput 
by using the minimum optimum acquisition time. In the same line of thought, the overall detector 
resolution will be of the order of ~ 0.5 - 1 mm, depending upon the incorporated geometrical 
magnification. Among the various detectors available in this resolution range, photodiode arrays are 
under import restrictions for our country. We have developed an X-ray imaging unit based on large 
area scintillator coupled to a large area front coated mirror and a high resolution cooled charge 
coupled device camera. All of these components are available off-the-shelf and easy to assemble. 
The achieved resolution using this system in tomography mode is 0.6 mm. Various samples of 
departmental interest such as simulated low level waste drum, bulk poly-eurythane foam and 1.5 
meter graphite cylinders having multiple bores along their length have been tomographed and the 
systems capability has been demonstrated. 
 
 
2. X-ray Tomography 
The basic principle of any transmission based tomography is to collect radiographs or projection 
images of the sample and reconstruct the slice images and stack them to form 3D volume image [2]. 
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It is about finding out the attenuation data of the sample at each and every point from the line 
integrated intensity value. Since we are dealing with maximum size imaging with optimum 
throughput, cone beam tomography [3] is adopted and for this feldkamp based convolution 
backprojection [4] is used. This methodology is in general used for industrial applications because 
of its simpler approach.  
 
 
3. Experimental System 
The fully functional X-ray tomography facility is shown figure …. The components of this system 
are as follows: 
X-ray tube: Balteau make TSD320 (320 kV, 2mA (Max), 640 watts) having the small focal spot 
size of 1.8mm x 1.8mm.  
Imaging unit: The imaging unit comprises of a Gadox (Tb doped) X-ray scintillator having input 
face size of 700mm x 440mm, aluminum coated front coated mirror of similar size as that of the 
scintillator and high resolution cooled charge coupled device camera. It is back illuminated having 
1250x 1152 pixels and of pixel size ~ 22.5 µm x 22.5 µm. Owing to the back illuminated feature, 
their peak quantum efficiency is ∼ 90% and hence has very high sensitivity. The optical coupling 
was done with 85mm Nikon make lens and an electronically controlled shutter is employed to 
control the exposure to CCD. The shutter opening and closing time ~ 1 ms. The image is read out 
and digitized through a MHz controller card (variable readout time 1µsec to 16µsec per pixel in 4 
steps).   
The sample manipulator system has X,Y and theta motions. The rotary stage can take sample load 
of approximately 50 Kgs and its angular resolution ~ 0.250. All the motion controls can be accessed 
through a local joystick as well as remote controlled software. 
Using this large scintillator, objects with dimension upto 600m x 350 mm has been imaged with this 
system. For smaller objects (in terms of width or diameter) the height of the sample can be around 
400 mm. To achieve this, the overall geometrical magnification was kept at minimum by keeping 
the source to detector distance approximately 3000 mm. The whole system is housed inside a room 
having thick concrete walls and the doors to this room are made up of 40mm MS.  

 
Figure1. 3D Cone Beam X-ray Tomography System 

4. Experimental results and discussion 
Though the initial aim of this development was to image low level waste drums, it has found to be 
very effective in imaging other industrial samples as well as of departmental interest. 
 
4.1 Simulated low level waste drum:  One needs to be sure of the types of materials being thrown 
away in these sort of drums from the laboratories of reprocessing plants. To simulate such a sample 
we took an actual size nuclear waste drum (diameter 595 mm and height 1000 mm) and filled it 
completely with cotton and embedded in it samples of various densities such as rubber gloves, 
plastic bottles (empty as well as filled with water), glass bottle with very minute amount of water, 



plastic screwdriver head and a metallic screwdriver. All of the items can be distinguished very 
clearly in the 3D volume tomography (imaged height: 350mm). Figure 2 (left) shows one such view 
where the liquid in the plastic as well as glass bottle has been rendered with red colour for better 
visualization. The glass bottle’s exterior is seen more prominent with respect to the plastic bottle 
because of its high Z and thickness compared to the plastic one. Figure 2 (right) shows a typical 
slice image where a rubber glove and the circular cross-section of the glass bottle is visible. Out of 
the various combinations 150 kV 4mA tube settings provided the best quality images for this type 
of samples. 
 
       

 
 
Figure 2. (left) reconstructed 3D volume image of a test drum and (right) one slice image of the 
reconstructed volume. 
 
4.2 Graphite fuel tube assembly: Future advanced reactor developments such as compact high 
temperature reactor (CHTR) is being carried out in BARC [5]. In CHTR, the fuel tube assembly is 
made of graphite. Initial developments of such samples are under fabrication and study. It is 
typically 1.2 mt in length, 70 mm in diameter and have 12 equi-spaced longitudinal bores made in 
its wall. Since the fuel tube also serves as coolant channel, the spacing between the individual bores 
should be as specified and need not be less, nor do each other meet at any point. Radiography 
images do not provide correct picture of these samples. To gain better insight into these fabricated 
samples 3D tomography has been carried out throughout its length in stages. Figure 3 shows an 
actual photograph of a graphite fuel tube assembly developed for CHTR related studies [5]. Two 
such samples (we name them 1 and 2) were investigated. Figure 4(a) and (b) shows the tomography 
results on sample1 where two bores are seen to meet each other and hence rendering it improper. 
Figure 5 shows the tomography images of sample 2. Here all the bores are running parallel to each 
other and hence the sample is termed as good. Since 3D volume data are available all quantitative 
measurements on these samples can be carried out. Both the samples were investigated at 140 kV 
X-ray energy. 
 



                    
Figure 3. Actual photograph of a graphite fuel tube      Figure 4(a) (left) 3D volume image,  
Intended for use in CHTR                                         (middle) rendered view with opacity  
       adjusted and (right) cut-away view  
       revealing the joining of two adjacent  
       bores in sample1. 
 

           
Figure 4(b) (left)zoomed 3D volume rendered image, (middle) opacified image and (right) a slice 
view of the sample1 
 

 
Figure 5. Tomograph images of graphite fuel tube sample 2. All the bores are seen to running 

parallel to each other and no abnormality was found.  
 

4.3 Bulk Polyeurythane foam: These materials are of great interest to the packaging and transport 
industries as energy absorbers. Once developed, these bulk samples should not have any 
imperfections such as voids, cracks etc and through tomography one can get full 3D internal details 
of the samples to optimize the process parameters. The developed materials need to go through 



various test parameters to ascertain their quality for specific use. We have carried out some 
preliminary tomography studies on such bulk polyeurythane samples after they were subjected to 
impact load tests. Three bulk polyeurythane samples having densities of 300kg/m3, 295.86 kg/m3 
and 286.57 kg/m3 designated as PF_sample1, PF_sample2 and PF_sample3 were investigated for 
their macroscopic changes due to impact load tests (50 kg dropped from a height of 9 ft). Figure 5 
shows the 3D volume rendered and cut-away views of PF_sample1 where (d) clearly shows the 
shock front 3D profile created by the impact load and it is characterized by the densified convex 
layer. In figures 5(b) and (c) the white rings are the dense portions due to shock front propagation. 
Since these are recovered samples it seems that the polyeurythane samples register the shock 
propagation phenomena in terms of the densified layers. Figure 6 and 7 depicts the tomography 
images of the samples PF_sample2 and PF_sample3. 
 

 
Figure 5 Tomography images of PF_sample1 polyeurythane bulk sample 

 
 

 
Figure 6. Tomography images of PF_sample2 polyeurythane bulk sample 

 
 
For all these studies X-ray tube potential was kept at 120kV. Further experimentations are being 
carried out on characterizing various samples to finding out the range of densification in the sample 
because of the impact load. 
  



 
Figure 7. Tomography images of PF_sample3 polyeurythane bulk sample 

 
5. Conclusion 
We have successfully developed and demonstrated a large area X-ray 3D Tomography system. The 
system provides spatial resolution ~ 0.6mm. Off the shelf components were used for the 
development of this system keeping in mind the availability of detectors for India as well as the 
type of industrial and departmental samples that need to be tomographed. This system has been 
applied for tomography of various samples such as simulated low level waste drums, graphite fuel 
tube for CHTR applications, impact load test samples of bulk polyeurythane foam etc. This may be 
probably one of the largest size imaging unit for NDT and research based tomographic imaging in 
India.   
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