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Abstract 

Nondestructive testing (NDT) is one of the important tools in aerospace industry to check the internal 
soundness of the material. Among the other volumetric techniques, radiography testing has won 
prominent place owing to it‘s easiness for exposure and interpretation. In aerospace program the 
radiography of castings is meant for critical cryo and semicryo applications and it is a challenging task to 
the NDT engineer. The attainment of expected coverage with respect to the stringent aerospace quality 
requirement is hard to obtain due to the complex shape and inaccessible regions for film placement. 
 

Interpretation of casting radiographs is a highly controversial subject especially in arriving at a 
consensus about the exact nature and extent of discontinuities; it is due to their dissimilarity from that of 
the available reference standards. In addition to that due to grain coarsening and thin sections of castings 
sometimes in radiography images one will end up with columnar structures which makes the 
interpretation of defects further difficult and tricky. 
 

In this paper a case study has been done in which a particular thin region of a Ni based super alloy 
casting (which is prone to have columnar structure) is investigated. Same region of the casting was again 
analyzed with different combinations of X-ray exposure parameters and films. 
 

The outcome of the study shows columnar structure is illusory in nature. This study will help in 
streamlining the parameters at cast houses with additional check points to obtain images with better 
images. 
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1. Introduction 
 

Primary aim of nondestructive testing (NDT) is to ensure the functioning of components by 
ensuring absence of defects. The most common way of doing this is by checking for defects 
in components through one or a combination of different techniques of nondestructive 
testing. In the area of investment castings which have complex shapes, sizes and cast 
structure, selection of NDT technique for determining the internal soundness plays a vital 
role. In many cases to upgrade the class of castings, it undergoes weld repairs in some local 
areas. In such condition radiography testing always finds an upper hand for the inspection of 
internal defects. Based on the geometry and appearances of the different castings a 
radiography shooting sketch is made and followed. According to the thickness of the castings 
either X-rays or gamma rays are used. 
 
Radiographic inspection can be divided into two parts: 
 
First part deals with the X-ray machine, optimization of parameter, film processing etc, while 
second part deals with the interpretation of the recording media i.e. RT films which gives 
identification and precise grading of the defects. Both the parts play an important role in final 
assessment of the soundness of the castings. In order to visualize and differentiate different 
castings defects in recording media it is essential to have better clarity, resolution and 
sensitivity of the RT films. For achieving a good film characteristic, exposure parameters are 
streamlined while taking the shots with a particular type of film. 
 
Ni base super alloys castings are commonly used for high temperature applications in 
aerospace sector because of its: 
 

1. Good corrosion and oxidation resistance 
2. Good strength at high temperature. 
 

All the Ni base super alloy castings are radiographically inspected before the final machining. 
One major problem which are encountered while radiographic inspection of these alloy 
castings is presence of columnar structure or mottling. Columnar structure is radiographically 
defined as few or many lines or arrays of linear indications that are both darker and lighter 
than the surrounding radiographic film area. Mottling is defined as indistinct areas of darker 
and lighter images [1]. A typical reference radiograph for columnar and mottled structure is 
shown in Fig 1. 

 

Fig 1. Shows the typical radiographic image of columnar and mottle structure as per ASTM E 192. 
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Metallurgical analysis of casting areas having X ray diffraction pattern reveals that the grain 
size in those locations are either comparable or greater than the wall thickness of the casting 
in that area. A typical photo of microphotograph of Ni base super alloys is shown in Fig 2. 

  

Fig 2. Typical microstructure of Ni base super alloys 

 
Based on metallurgical features, diffraction patterns are also defined as įa coarse grain area 
coupled with thin wall section or a region having grain size comparable to the wall 
thickness‖. This will lead to the diffraction of the radiation and because of it mixture of dark 
and light density images occurred at the recording medium which are known as columnar or 
mottle structure. Presence of columnar structure on the films makes the interpretation of the 
film difficult and tricky by overlapping the distinct features of material. 
 
The main objective of this paper is to evaluate and optimize the radiographic parameters so 
that columnar structure can be encapsulated better which helps in more accurate assessment 
of the castings defects. 
 
2. Experimental Procedure 
 

The casting investigated in this paper was realized by investment casting route through 
vacuum melting and pouring. The wall thickness of the casting in interested area is 3.5 to 4 
mm. Casting is in fully heat treated conditions. Different exposure shots were taken by 
varying three main X ray parameters which are: 
 

1 SOD : Source to object distance 
2 FSZ  : Focal spot size 
3 Different type of Radiography films. 

Table 1: shows the Different combination of parameters. 

SN SOD mm FSZ mm Film Used Combination 

1 1000& 800 0.4 D4 & D7 1 

2 1000, 800& 700 1.4 D4 & D7 2 

3 700 - 800 4.5 D4 & D7 3 
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3. Results 
 

Fig 4 shows the images of the different radiographic films obtained by varying the exposure 
parameters. Both the D4 and D7 films with different FSZ and SOD are taken and interpreted. 
D4 & D7 films with 0.4 mm FSZ and 1000 & 800 mm SOD show no columnar structure. 
Same films with 1.4 mm FSZ with 1000, 800 & 700 mm SOD also show no columnar 
structure and these films are acceptable.   
Last set of films taken from cast house are recorded with 4.5 mm focal spot size with 700 - 
800 mm SOD. These films show full columnar structure with very poor contrast and it is very 
difficult to interpret the interested area. Acceptance of these films is questionable. 

Fig 4. Shows the RT films images with different parameters. 

     

a) D4 / D7 Films with 0.4 mm FSZ with 
1000 mm SOD. (No Columnar / Mottling) 

b) D4 / D7 Films with 1.4 mm FSZ with 
1000 mm SOD. (No Columnar / Mottling)  

     

c) D4 / D7 Films with 0.4 mm FSZ with 
800 mm SOD. (No Columnar / Mottling) 

d) D4 Films with 1.4 mm FSZ with 800 
& 700 mm SOD.(No Columnar / Mottling) 

 

e) Films with 4.5 mm FSZ with 800 & 
700 mm SOD. (Full Columnar / Mottling). 

Fig 4. Shows the RT films images with different parameters. 

 
4. Discussions 
 

Columnar structure in X-ray is a special form of scattering due to x-ray diffraction. If we can 
avoid or minimize scattering then columnar structure can encapsulated. One way to reduce 
the scattering due to diffraction pattern is by raising X-ray tube voltage, which will decrease 
the wavelength of the X-rays emitted and increase the penetration power of the radiations 
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resulting in minimizing the diffraction. But on the other hand increasing voltage will cause 
too many photons strike the film and thus reduce the films sensitivity and contrast[2] [3]. 
So, in spite of decrease in the columnar structure, it is difficult to maintain the desired film 
characteristics like sensitivity, contrast & definition due to more image noises. 
To control the noises in the films, one needs to balance the increased voltage and penetrating 
power with other exposure parameters like SOD, focal spot size, filter screens and type of 
film.  
Further decrease in the focal spot size leads to the controlled transmission of the radiation 
while an increase in SOD balances the penetrations and scattering of the radiations. Thus 
both the parameters when optimized reduce the film noise. An increase in the SOD with 
proper film selection will also improve the contrast and sensitivity in the recording media. 
During industrial radiography, filters are also commonly used which further aid in control of 
scattering. 

5. Conclusion 
 
After comparing the results with different combination of exposure parameter, following 
conclusion are drawn: 
At an optimized voltage  

(1) Focal spot size (FSZ) upto 1.4 mm reveals no columnar / mottled structure in the 

recording medium. 

(2) For focal size (FSZ) upto 1.4 mm, a source to object distance (SOD) greater or equal to 

700 mm has revealed no columnar / mottling in the films. 
(3) Different types of films (Normal D4 or D7) don‘t have much difference in the recording 

features for a fixed focal spot size and SOD. 
(4) For focal spot size of 4.5 mm with 700 - 800 mm source to object distance (SOD), lot of 

columnar structure / mottling features were observed. 
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