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Abstract 

X-ray Computed Tomography (CT) is a well-known method in Clinical diagnostics, 
which is becoming more and more popular in the field of Industrial applications too. CT is 
the latest state of art technology for both Metrology and Radiography inspection. Industrial 
CT scanning can,  Non destructively visualize, measure, and analyze the internal features of 
precision parts and assemblies. CT scanning creates digital 3D models of products by 
combining over a thousand 2D computer-processed X-ray images. Industrial CT scanning is 
the only form of 3D scanning which can measure complex internal and external features with 
the scanned item intact and unchanged. 

 
3D CT scanning software provides comparative analysis to a CAD model or another 

scanned part, to check the dimensional accuracy of components. It can be used to perform 
material and defect analysis. It also shows seals, fits, interface engagements, and 
interferences, even in complex assemblies. 

 
The system uses Micro/Mini focus X-ray source and linear array detector/flat panel to 

generate a series of sequential 2D, X-ray images are captured as the object is rotated through 
360°.  These images are then reconstructed to generate a 3D volumetric representation of the 
object.  In addition to the outer surfaces, the reconstructed volume contains all information of 
interior surfaces and structure as well as information on the material structure.   

 
The Voluminous information contained in the 3D data permits a quantitative analysis 

of a defect as well as its internal dimensional features.  As a result, even interior measurement 
and the virtual cut sectional information can easily be obtained without destruction/cutting, as 
well it has the added benefit of localizing structural material imperfections and identifying 
assembly errors not usually possible through traditional methods of Metrology and X-ray 
Radiography.  

 
This paper explains the feasibility studies undertaken on 3 of the aerospace parts for 

Metrology and defect analysis. The results of metrology inspection conducted on the these 
parts show very good accuracy and hence it is a best choice for Metrology & NDE inspection 
of parts more specifically parts made up of casting route and 3D printing. 

 

Key words: Computed Tomography, Metrology, Defect analysis, Microfocus / Mini focus, 
Casting & 3D printing. 
 

1.0. Introduction 

The Quality of parts being used for Aerospace applications are essentially to be certified for 
its dimensions and freedom from defects. Hence Metrology Inspection and defect evaluation 
through NDE are unavoidable to ensure the quality of parts before its usage in space 
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applications. But both Traditional Metrology and Current Radiography evaluation are having 
the following limitations. 
 

1.1. Limitations in Metrology Inspection 

 Precise measurement of dimensional details of Internals like vane profile and thickness 
details etc not possible. 

 Measurement of cross sectional dimensional details not possible.  
 It is not possible Inspection of internal assembly details like  gaps of  “O” rings and its 

correctness of assembly etc. 
 Depending upon the number of dimensions & number of parts to be inspected, it takes 

more time for inspection.  
 

1.2. Limitation in conventional Radiography inspection 

 Conventional Radiography gives  only projected two dimensional image of defects in 
which it is very difficult to locate the defect  and its population precisely. 

 It is not possible to visualise the defect severity properly as it is very difficult to achieve 
100% coverage.  

 Due to the limitations in coverage, parts made through casting route used to get rejected 
after lots of value addition.  

 Acceptability of parts can only be decided after functional test and no confidence could 
be given till that time.  
 

Computed Metro Tomography (CMT)  is the only solution for all these aforesaid 
limitations in both Metrology Inspection and Conventional radiography inspection, 
since in CMT, Once reconstructed image is taken, it is possible to get any dimensional 
information of externals or internals including the defect details, location and its 
severity. 
 
Computed Metro Tomography gives 3-Dimensional images of ultrahigh definition and 
contrast revealing relative change in mass densities at various sections of the product there by 
it gives the perfect one to one three dimensional image of internal structure with varying gray 
scale levels.  “CMT” also provide a software platform to size and locate the defect which 
enables to make perfect metrological measurements of the various features of the product and 
it enables to have CAD Comparison in real time basis.   
 
Hence CMT is best suited for; 
 Metrology Inspection not only for Externals, but also for Internals. 
 Assembly Inspection 
 Actual to Nominal comparison 
 First article inspection 
 Development, Rapid prototyping and Reverse Engineering 
 Defect analysis 
 
The aforesaid advantageous lead to the following benefits; 
 Faster Metrology 
 Whole part analysis (Both Metrology and NDE) in on go 
 100% NDE 
 Faster decision making 
 Faster validation 



In this paper, Considering the close tolerance Metrology Inspection and 100% defect analysis 
(NDE) requirements for space applications, feasibility studies were conducted with lower 
energy CMT systems (225KV) available within India and Higher energy CMT systems 
(450KV) at overseas. The results indicates very high dimensional accuracies could be 
obtained using Micro/Mini focus systems with Linear detector array (LDA) system. Similarly 
Mini focus with Flat panel detector (FPD) coupled with scatter correct system also has 
similar accuracies at par with Micro/Mini focus with LDA detector. 

 

2.0. Experimental details 
In CMT, the important variables that controls the Image quality, Accuracy and Time taken 
for inspection are; 
 Focal spot size 
 Tube power 
 Type of detector  

 
2.1. CMT Equipments with different focal spot sizes and Power rating 
 
In CMT normally the following types of sources are preferred; 

 Nano 

 Micro Focus 

 Mini Focus 
Nano/Micro Focus system gives very good Sharp images by which the accuracy in defect size 
analysis and the Dimensional inspection, used to be very good. But it operates with lesser 
power, which leads to enormous time for inspection and lesser penetration thickness. 
 
In the case of Mini focus, the sharpness of the images obtained are comparatively lower so as 
the accuracy of defect size analysis and the dimensional inspection. But as these units 
operates with higher power, it takes very less time for inspection and higher thickness can be 
inspected. 
 
2.2. CT Equipments with different detectors 

 
Generally there are two types of detectors are being used; 

 Flat panel Detector - FPD (Cone beam) 

 Linear Detector Array - LDA (Fan beam) 
 
In Flat panel detectors, as the whole image is captured in one position (because of cone 
beam), it takes very less time for inspection, but the accuracy is less. Here again if the 
detector can be moved, higher size jobs can be inspected using the advantage of stitching. 
Also due to the advanced technologies like scatter correction using both hardware and 
software it is possible to improve the dimensional accuracies at par with LDA systems. 
In the case of Linear Detector Array, it is required to capture the 1000’s of images at different 
positions (because of fan beam), it requires enormous time for inspection, but the accuracy is 
very good. 
 
Hence in this feasibility study, different combination of equipments were used and the details 
are given below; 
Feasibility studies were conducted using lower energy CMT systems in India and Higher 
energy CMT systems at overseas. Two aerospace parts used in very critical control 
components were chosen  for both Metrology and defect analysis; Aluminium alloy Body-



(Figure-01) & Stainless steel Solenoid bobbin assy (Figure-02) for low energy CMT trials. 
One Investment casting was used for high energy CMT trials at overseas (Figure-03). 
 

Figure: 01- Al. alloy Body Figure:02- SS Solenoid Bobin Figure:03-SS Scroll casing 

   
 
Aluminium alloy Body was chosen to ascertain the dimensional capabilities being a fully 
machined component having plenty of dimensions. 
SS Solenoid Bobbin assembly was chosen to ascertain both Assembly inspection and 
Radiography inspection capabilities of Electron Beam welds. 
SS Scroll Casing (Investment casting) was chosen to ascertain both dimensional & defect 
analysis capabilities. 
 

2.3. Feasibility Studies using Lower energy CT systems in India 

Energy     : 225KV (Fully sealed)  
Focal Spot size: 3µm / 225µm 
Power  : 7W / 225W 
Detector:16bit FPD;200x200µm Pixel size 

 
Figure: 04 (MCT-225) 

Energy     : 225KV (Fully sealed)  
Focal Spot size: 7µm 
Power  : 500W 
Detector:16bit FPD; 200x200µm Pixel size 

 
               Figure:05 (VOLUMAX) 

 
2.4. Feasibility Studies using Higher energy CT systems at overseas  

Energy     : 450KV (Fully sealed)  
Focal Spot size: 232µm 
Power  : 450W 
Scan resolution   : 120µm 
Focus detector distance: 1200mm 
Detector: LDA-750mm L; 400µm Pixel size 
Scan time  : 12hrs 

Energy : 450KV (Fully sealed)  
Focal Spot size: 1.0mm 
Power  : 1345W 
Scan resolution : 150µm 
Focus detector distance: 1300mm 
Detector: FPD; 200µm Pixel size with and 
without Scatter correct. 
Scan time  : 1hr 
 



  
Figure -  06 (XTH 450) 

 
Figure – 7 (V|TOMEX 450) 

 

3.0. Results and Discussions 

3.1. Results 

The results of Feasibility studies conducted using both low energy and high energy systems 
for Metrology inspection and defect analysis are given below; 
 

3.1.1.Dimensional inspection using low energy CMT systems in India  

 Figure – 08 : Body Figure – 09 : Solenoid Bobbin 

  
 

3.1.1.1. Comparison of dimensional Inspection results of CMT with CMM 
 

The dimensional inspection results of CMT for two parts  were compared with Co-ordinate 
measuring machine (CMM) results and the details are given below; 
 

Table – 01 : Aluminium alloy Body 
SPECIFIED 

DIMENSION 
CMM 

 
MCT- 

225 
VOLUMAX 

 
DIFF. BET 

CMM & MCT 
DIFF. BET 

CMM & VOL 

Ø22+0.05/ +0.02 22.020 22.012 21.995 0.008 0.025 

Ø30+0.050 30.009/ 
30.016 

30.010 30.01/30.02 0.001/0.006 0.002/0.004 

48 +0.2 48.10 48.12 48.13 0.020 0.030 
24O 24.2O 24.28O 24.23O 0.08O 0.03O 

Ø4 4.008 4.016 4.011 0.008 0.003 

 
Table – 02 : Stainless steel Solenoid Bobbin 

SPECIFIED 
DIMENSION 

CMM MCT-225   VOLUMAX  DIFF. BET 
CMM & MCT 

DIFF. BET 
CMM & VOL 

Ø29.5-0.015/-0.025 29.482 --- 29.485 --- 0.004 



Ø25.4-0.050/ -0.075 25.326 25.310 25.320 0.016 0.006 

Ø18+0.018 18.009 17.98 18.00 0.029  0.009 

Ø5.5 5.535 5.52 5.54 0.015  0.005 
 
From the aforesaid tables, it is inferred that;  
 The maximum dimensional variation observed in CMT measurements with respect to 

CMM measurement is of the order of 30µm in both MCT-225 and VOLUMAX for both 
items. 

 These results are arrived based on the limited trials carried out at demo facilities. 
Situation would definitely improve with in depth analysis and on job experience. 

 
3.1.2. Dimensional inspection using high energy CMT systems at  overseas 

Figure – 10:  XTH45O Figure – 11: V|TOMEX450 

 
 
3.1.2.1. Inferences  

 
XTH450: Metrology inspection trials indicate good coverage of dimensions at different 
sections. Being a micro focus system with Linear Detector Array, it has given very good 
accuracy.  
V|TOMEX450: Metrology inspection trial in this case also  indicates good coverage of 
dimensions at different sections. Though this system has Flat panel with 1.0mm focal spot 
size, due to the higher image quality obtained by the usage of Scatter correct technology, the 
accuracy of dimensions measured also as per VDI 2630 accuracy. 
 
3.1.3. Defect analysis using low energy CT systems in India  

The EB weld joint is not being radiographed presently due its limitations in the configuration, 
but in CMT inspection automatically defect details could be retrieved. Due to this fact the 
defect details like size and population of porosities in EB weld could be obtained without any 
ambiguity.   
 

Figure – 12 : Defect analysis in EB Weld location of Solenoid Bobbin 

 



3.1.4. Defect analysis using high energy CMT systems at overseas 

 
XTH450: The feasibility study indicates that it is possible to penetrate the thickness of steel 
to the extent of 60-75mm tangential thickness. The defects observed were very sharp due  to 
microfocus system with LDA. 
 

V|TOMEX450 (Without scatter correct): The  image quality obtained was very poor due 
Flat panel detector with 1.0mm focal spot size. 
 

V|TOMEX450 (With scatter correct): This study confirms that the Flat panel with scatter 
correct technology yields the image quality at par with Micro Focus with Linear detector 
system and the time taken for inspection was very less (1hour against 8-12hrs in Micro focus 
with LDA). The following images shows the comparison between with and without the usage 
of Scatter correct technologies. 
 

Figure – 13: V|TOMEX450  
without Scatter correct 

Figure – 14: V|TOMEX450  
with Scatter correct 

 
 
3.2. Discussions 

 
3.2.1. CMT for Metrology Inspection 

 

In this feasibility studies, the accuracy achieved in dimensional inspection using CMT is 
found to be ±15µm. In an another study, for dimensions of geometric features ranging from 
0.6 mm to 65 mm, a comparison between CMT and CMM measurements typically resulted in 
differences of approximately 5μm or less for most of the measurements [1]. Many CMT 
system suppliers also claims the accuracy level of ±4 to ±20µm as per VDI 2630 standard. 
Similarly the following study results for dimensional inspection ranging from 25-70mm, the 
variation in CMM and CT is 1µm to 5µm. 

 
 
But when doing metrology inspection on outer structures, beam hardening could be critical 
issue. However beam hardening can be reduced by using prefilter plates. Increasing the 
acceleration voltage reduces measurement deviations, but not as much as a proper prefilter 
[3].   
 
 



3.2.2. CMT for defect analysis 

 
The following Figure-15, explains the relation between the location of defects and the 
resolution of defects [2], which also shows that X-ray CT has very high resolution for both 
surface and Internal defects. Similarly Figure -16 explains the resolution Vs measuring range 
in which it is obvious that the Nano CT gives best resolution [2].  
 

Figure-15 Figure -16 

  
 

3.2.3. General 

 
CMT is certainly an Asset for both dimensional inspection and NDE. In the case of 
dimensional inspection as it gives 3 dimensional image which is more useful for defect 
analysis. The usage of CMT would be limitless as it can be used for both metals and non 
metals. 

 Generally Micro Focus with Linear Detector Array systems are expected to give highly 
accurate results for both Metrology inspection and for Defect analysis due to the 
sharpness in image quality.  

 But this study indicates that Mini Focus with Flat panel detectors coupled with Scatter 
correct technology, the accuracy and the image quality could be improved to match with 
Micro Focus and Linear Detector Array systems.  

 Micro Focus systems with LDA, though it is good for defect analysis and high accuracy 
metrology measurements, the time taken by these systems are enormous (10 times higher 
than Flat panel systems). Also due to higher time of usage, the tube life is expected to be 
reduced. 

 Mini Focus with Flat panel detector is adequate for Radiography defect analysis of 
bigger parts and low accuracy metrology measurements. 

 Mini Focus with Linear Detector Array can give a good Compromise between the 
accuracy and time of inspection due to the following reasons; 

- Higher power can be used, there by inspection time can be reduced. 

- Linear detector Array can give good accuracy in the measurements. 
 

4.0. Conclusions 
 In the present study, the dimensional inspection accuracy obtained using Computed 

Metro Tomography is ±15µm which is very much suitable for metrology 
measurements. 

 CMT is capable of providing complete data across all dimensions and the whole part 
can be analyzed at a faster rate. Inspection time for CMT scanning is typically hours 
versus days for traditional metrology techniques. 



 Due to the advantageous of 3D image mapping of defects, it is easy to identify the 
defect size and its population more precisely which enables easy decision making. 

 Internal complex part features and assemblies can be analyzed in a non destructive 
manner. 

 With this aforesaid advantages, it is best suited for dimensional inspection and NDE 
of castings and additive manufactured (3D printed) parts. 
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