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INVESTIGATION OF THE PORE DISTRIBUTION PARTS OF 

THICK-WALL CASTINGS BY COMPUTER IMAGE ANALYSIS 
 

MÓNIKA TOKÁR 1–JENŐ DÚL2–TAMÁS MENDE3 
 

Nowadays, one of the most up to date and dinamically developing measuring/evaluation 
possibility is the computer image analysis. We determined the pore distribution on microscope photos 
by using image analysing to study the failures of the thick-wall high pressure die castings.  
Keywords: high pressure die casting, image analysis, inhomogeneous. 
 
Introduction 
 

In case of not suitable casting geometry and technical parameters the thick-wall parts 
include an inhomogeneous inside zone and a fail-safe outside skin (Figure 1). In the interest 
of availability we can refine just the outside skin, because just this layer has good 
mechanical properties. In our work we produced and analysed different thickness 
experimental casting and analysed a real industrial casting. After sample polishing we made 
a series of microscopy pictures from the one side to the other side in the function of the 
wall-thickness. We measured the pore size in every picture and measured the pore 
distribution in the function of the wall-thickness by using a computer image analysing 
method. We compared the inside and the other side parts. 

In case of expressly thick-wall high pressure die castings, the not perfectly elected 
castings geometry and technological parameters cause formation of two layers during the 
solidification. The outside quickly-solidifying layer is pore-free, but the inside 
inhomogeneous part includes a lot of – various sizes – pores. This inhomogeneous structure 
causes errors at mechanical machining process, therefore the machining depth can not be 
deeper than the outside pore-free layer. For the required mechanical properties, it is very 
important that this external pore-free layer should not be removed. In the factories the 
internal inhomogeneous structure is examined by various metallographical methods, so our 
purpose was defining a pore distribution in the function of the wall-thickness. A lot of large 
pores in the internal part cause often too much waste. In our work we produced and 
analysed different thickness experimental castings and analysed a real industrial casting. 
We cut samples from predetermined parts of the castings, and after sample polishing we 
made a series of microscopy pictures from the one side to the other side in the function of 
the wall-thickness. The wall-thicknesses of the castings were the followings: experimental 
casting: 4 mm, 8 mm, 12 mm; industrial casting: 13 mm. We compared the pore-free 
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external and the pore-rich internal zone, and we analysed the transitional zone between 
them. The microscopy picture series were evaluated by computer image analysing method 
in function of the wall-thickness. We investigated particularly the amount of the pores 
(largest pore diameter of every pore), the statements were taken by right of pore-criteria), 
and we made pore distribution diagrams in function of wall-thickness. 
 

      
Figure 1. Inhomogeneity in internal zone (broken surface and polished surface)  

1. Metallographical analysing of pore distribution in high pressure die casting 
 
1.1. Measuring of pore volume by computer image analysing 
 

We photographed the structure of sample in every field of view from one side to other 
side of the casting in function of wall-thickness. The current wall-thickness (4, 8, 12, 13 
mm) can be covered by 7, 14, 19, 25 fields of view at 200x magnification. We used a 
qualified microscope to take these picture series. 

This microscope (according to applied computer software) prepares the picture series 
automatically (from the left side to the right side of the sample – Figure 2). Before picture 
taking, you can set optional focus points on the surface of the sample in order to high 
quality and well focused pictures in every field of view. The computer generates a net 
which can help you to do this step of setting. After the settings, you can start the program of 
the microscope. The pieces of picture series were evaluated by using image analysing 
software, analysing the pictures one by one. The used “Cprob” image analyser software was 
developed by Péter Barkóczy (University of Miskolc, Materials Science Institute). 
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Figure 2. The steps and directions of picture series taking 

The evaluating steps of the analyser software (Figure 3–4): 
 

1. Image acquisition          2. Digitising the grey image          3. Digital processing of 
grey images          4. Segmentation (detection)          5. Transformation of binary 
images             6. Measurement, obtaining the measurement results           
7. Interpretation of measurement results [1.] 
 
1. Image acquisition: Taking the images in electronic form by a suitable instrument, which 
can be a video camera mounted on a light microscope, or electron microscope. 
2. Digitising the grey image: Adaptation of the different grey level to each of the intensity 
values of image colours. 
3. Digital processing of grey images: Emphasising the features or objects to be 
investigated, i.e. separating the essential and less essential information. 
4. Segmentation (detection): The complete separation of objects and background on the 
basis of one of their properties (e.g. their grey level, shape or orientation) as a result of 
which a binary image develops. 
5. Transformation of binary images: Performing of binary transformations, i.e. the 
transformation of objects such a way, that they can approximate their ideal shape in the 
most optimal way (e.g. separation of grains which seem to be coalesced in the image but 
they are separated in the reality), preparation of measurement. 
6. Measurement, obtaining the measurement results. 
7. Interpretation of measurement results: In the materials science the results are 
interpreted on the basis of different microstructure models by using the stereological 
knowledge. 
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Figure 3. Original microscopical picture             Figure 4. Modified binary picture 

On Figure 5. and Figure 6. you can see two examples of the prepared microscopy 
pictures, one from the internal (pore rich) layer, and one from the external (pore free) layer 
of casting.  

 

             
Figure 5. Microscopical picture from                Figure 6. Microscopical picture from 

the internal layer  the external layer 

The stated pore-requirements in front of the castings are determined by the hard 
specifications of the customers. We have to define some criteria to decide that the casting is 
adequate or not. Customers categorize the maximal acceptable diameter of pores, the 
minimal distance between two pores, and the negligible diameter of pores (Table 1) [2]. We 
made our metallographical measurements by using these standards. We compared our 
results with these values in case of every wall-thickness. We grouped our values as (1) 
smaller than the margin of error, and (2) larger than the margin of error, it can be shown 
well on chart in the function of wall-thickness. 

 
 
 
 
 
 

200x 200x 

200x 200x 
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Table 1 
The applied pore-criteria 

 

Pore-/ 
Shrinkage 
category 

Pore-/Shrinkage-
diameter/ 

max. range 
d (mm) 

Pore-/ 
Shrinkage 
distance 

a min. (mm) 

Below the margin of error 
Pore/Shrinkage –  

diameter Ø 
d(mm) 

P1 0,1 ≤ d ≤ 0,15 3 < 0,1 
P2 0,15 ≤ d ≤ 0,25 4 < 0,15 
P3 0,2 ≤ d ≤ 0,5 4 < 0,2 
P4 0,4 ≤ d ≤ 1,0 2 < 0,4 
P5 0,6 ≤ d ≤ 2 3 < 0,6 

 
 
1.2. Pore volume measuring by computer image analysing method 
 

We used terraced-shaped experimental casting, there were 3 different wall-thicknesses, 
4 mm, 8 mm and 12 mm, the surface of these parts were 100x200 mm. Our aim was 
determining the pore volume distribution in the function of wall-thickness, and 
investigating how thickness causes the appearance of the internal inhomogeneous zone. In 
case of high pressure die casting, the 4 mm wall-thickness is a normal/thin thickness, the 8 
mm wall-thickness is a normal ordinary size, but the 12 mm is already thick. We have taken 
microscopical picture series from every sample, and 1 rows of the picture series were 
evalueted by image analyser software. (We made parallel measurings in order to high 
quality results.) 
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Figure 7. a) The summarized area of pores in function of wall thickness per field of view – 
smaller pores than the margin of error 
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Figure 7. b). The summarized area of pores in function of wall thickness per field of view – 
larger pores than the margin of error 

 
In Figure 7. a)–b) we differentiated our results as (1) smaller pores than the margin of 

error (<0.1 mm), and (2) larger pores than the margin of error (>0.1 mm). In case of the 4 
mm thickness (7 fields of view) it can be seen that there is no pore above the margin of 
error. In case of the 8mm thickness (14 fields of view) there are already some pores above 
the margin of error, especially in the internal zone. The results of the 12 mm thickness (19 
fields of view) show well that larger pores (which are above the margin of error) are located 
only in the internal zone, the external layer is free from larger pore. The summarized area 
of pores shows that the pores which are below the margin of error may have larger 
summarized area than all pores above the margin of error. 
 

It can be see well in Figure 8 (picture from 4 mm wall-thickness sample) that the pores 
are mainly pores between the dendrite arms or smaller air inclusions. 

 

 
 

Figure 8. Microscopical picture from the surface  
of the 4 mm wall-thickness sample 

 

200x 
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In Figure 9, larger pores are appearing by increasing the wall thickness (8 mm), 
characteristically in the internal parts of the specimen. 
 

 
Figure 9. Microscopical picture from the surface of the 8mm wall-thickness sample 

In Figure 10, there are too large pores in 12 mm wall-thickness sample, mainly in the 
internal layer. 

 

 
Figure 10. Microscopical picture from the surface  

of the 12 mm wall-thickness sample 

1.3. Results of the real industrial high pressure casting 
 

We cut samples from an automotive casting thick-wall (13 mm) part, the samples were 
polished and prepared to the measurements. We made a series of microscopical pictures (in 
the same way as the previous part of our work), and its 3 rows were evaluated by image 
analyser software. We differentiated 3 different rows, because this part of the casting has 
two boreholes, which can cause formation of heat-aggregation zone. The “row no. 1” and 

200x 

200x 
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the “row no. 3” mean the rows near the borehole, and the “row no. 2” means the row away 
from the borehole. Our aim was determining the pore volume distribution in function of the 
wall-thickness. 
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Figure 11. a) The summarized area of pores in function of wall thickness per fields of view 
– smaller pores than the margin of error 
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11.b Figure 11. b) The summarized area of pores in function of wall thickness per fields of 
view – larger pores than the margin of error 

 
As you can see, in Figure 11. a)–b) we differentiated the pores as smaller than the 

margin of error (<0.1 mm), and larger than the margin of error (>0.1 mm). It can be 
established that the industrial casting has less failure than the experimental casting. The 
casting with adequate casting technology causes these better results. It should be noted, that 
the places of occurrence of pores in this examined industrial casting are not so obvious like 
in case of the previous examined experimantal casting.  

We show the different types of pores in internal and in external layers of the casting in 
Figure 12–13. 
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          Figure 12. Microscopical picture from          Figure 13. Microscopical picture from 
internal part                                                    external part 

Conclusion 
 

After the image analysing it can be established, that in case of 4 mm (normal/thin) wall-
thickness there are no pores typically above the margin of error. Larger pores appear in case 
of 8 mm and 12 mm (normal or thick wall-thickness), the pores above the margin of error 
are mainly in the internal zone. The investigation of the industrial casting (13 mm wall-
thickness) shows that there are less large pores than in case of the experimental casting. It 
means, that you can handle the thicker casting with adequate casting technology and 
adequate shape of casting. If the parameters of the casting is not enough precise, the pores 
will appear by the way of a determinable distribution in function of the wall-thickness. 

We established the computer image analysing method and the application of the shown 
pore distribution analysing are suitable for qualification of experimental and industrial 
castings by right of pore content. Using the pore distribuiton charts it can be seen which 
part of the casting has too much and too large pores. These parts which includes the pores 
above the margin of error should be handled by changing of the casting parameters or – in 
case of serious cases – changing of the casting geometry. 
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