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Abstract  

At present, cast iron foundries are facing increasing competition along with increasing demand for ductile iron. 

Therefore, there is no other way than to improve the technological processes of casting production and use 

other possibilities for more efficient management of their quality by means of 3D scanning of dimensional 

accuracy in critical production nodes. 

The paper is based on the gained experience with the study of the potential of the method of non-contact 3D 

measurement of shape and dimensional accuracy of the patterns and castings, which is to be used in 

optimizing the process parameters of gravity casting of ductile iron castings. 

The ROMER Absolute Arm 7525SI portable laser measuring arm is used. The dimensional accuracy of newly 

manufactured patterns is monitored. Then, it can be confronted with the original 3D model. Subsequently, the 

patterns are scanned over their life cycles to identify critical dimensional deviations. All in connection with the 

control of dimensional deviations in molds, but especially in castings. The study of dimensional stability of the 

patterns, molds, and castings will allow monitoring the actual state in connection with the implementation of 

our own casting technology. As it turns out, it is possible to identify critical production parameters in terms of 

compliance with the dimensional accuracy of castings. The entire measuring system is connected to a 

professional program for measuring, dimensional evaluation according to the GD&T methodology, comparison 

with 3D objects, fitting, and export to a CAD system as STL 3D objects. 
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1. INTRODUCTION 

Ensuring shape and dimensional accuracy and other surface and internal quality parameters are critical 

parameters that must be met to provide the required product quality. It is no different in the case of the 

production of cast iron castings. These cast irons with nodular graphite are increasingly used as parts of 

machine units incl. the automotive industry, where they replace more expensive steel products. Authors [1] 

created an algorithm to predict casting defects based on monitoring various operational data from production 

in a cast iron foundry [1]. However, creating complex predictive algorithms is somewhat of a black box, albeit 

with very satisfying results. In addition to the implementation of artificial intelligence methods, the optimization 

of ductile iron production can also be focused on, for example, the study of shrinkage tendency in ductile cast 

iron as affected by mold rigidity (green and furan resin sand molds) and inoculant type (FeSi-based alloys) [2]. 

Attention is increasingly focused on austempered ductile iron (ADI) with increasing demands on material 

properties and the increased added value of castings [3,4]. 
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There is a wide range of approaches to studying casting quality and casting manufacturing technology. Non-

destructive methods are becoming more and more widespread. Strategies focused on 3D measurement and 

3D scanning is also integral. The authors [5,6] implement micro-CT scanning methods to study microstructure 

issues. The authors [7,8] then focus on the study of surface quality/roughness. The authors [9] present a 

complex 3D defect detection system based on deep learning methods. 

However, the work of the authors [10] is closest to the present contribution. Attention is focused on 

implementing 3D measurement and scanning methods during the preparation of a casting for machining, which 

is closely related to the output dimensional and quality control of castings in a cast iron foundry. 

At the Environmental Research Department of VŠTE in České Budějovice, the methods of using 3D scanning 

are implemented in a whole range of research and development activities. For example, the specific use of 3D 

scanning in studying FDU (Foundry Degassing Unit) rotor wears during aluminum alloy refining [11]. As part 

of the research aimed at optimizing the casting technology of ductile cast iron, there is also an intensive study 

of shape and dimensional accuracy, especially of the patterns and castings.  

This paper focuses on monitoring these key quality parameters using non-contact measurement methods (3D 

scanning). It presents their importance in the quality control of nodular graphite cast iron (ductile iron) 

production by the applied standard [12]. 

2. EXPERIMENTAL PROCEDURE 

3D scanning is the one in the group of non-contact measurement methods. During measurement (scanning), 

there is no contact between the measured part and the scanning head. In the case of the presented paper, it 

is used with a ROMER Absolute Arm 7525SI 3D measurement laser scanner (Figure 1) [13] while applying 

the Polyworks 202X professional measurement and evaluation software [14]. 

 

 

 

Figure 1 ROMER Absolute Arm 7525SI and its specifications based on [13] 

The principle of laser scanning consists in scanning tens of thousands of points per second (after filtering) from 

a laser line that passes over the scanned object. Millions of points result from a specific scanned object, the 

so-called point cloud, which creates a virtualized 3D object. The recording is performed in the appropriate 

control and evaluation SW, here Polyworks. Importing the CAD model of the given scanned object/part is 

necessary for dimensional and shape inspection. After scanning the object, it is possible to perform alignment 

on the existing CAD model according to the required parameters. Automatic alignment to the reference object 
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(imported CAD model), the so-called Best Fit, is used in the studied case. Subsequently, it is possible to 

perform a dimensional and shape check of the scanned part against the reference CAD model and perform 

the required evaluation of the detected deviations. 

One of the shaped and dimensionally studied castings with feedback for optimization of production technology 

is KARDAN A type castings (material EN GJS 600-3 [15]). Castings are gravity cast into bentonite molds. Due 

to the limited scope of the paper, attention focuses on the demonstration of the use of checking the dimensional 

stability of the pattern and, at the same time, on the study of critical dimensions that are difficult to control using 

the contact probe of a contact coordinate measuring machine (CMM). 

3. RESULTS AND DISCUSSION 

Attention focuses on verifying the accuracy of the production of the pattern for casting type KARDAN A, see 

CAD model in Figure 2, where dimensions out of tolerance detected as part of the 3D measurement. 

 

Figure 2 CAD model of pattern KARDAN A 

In the first phase, a scan of the pattern was carried out and a comparison of the measured deviations with the 

CAD input of the model (Figure 3) and a comparison of the resulting values on the castings (Figure 4) was 

done. 

Scanning confirmed (Figure 3) that the pattern was manufactured with the required accuracy. The measured 

deviations on the pattern were within a maximum variance of 0.2 mm. Given the standard tolerance of 

manufactured castings according to ISO 8062 CT9 [12], these deviations are acceptable. However, a problem 

can arise with specific characteristics (dimensions tightened and required by the customer), where this 

variance can make up more than 20 % of the total tolerance of the casting, regardless of additional variability 

in the casting process.  

In the subsequent step, a comparison was made of the measured values on the casting, the pattern, and the 

designed value according to the CAD model (Figure 4). When designing the pattern for this casting, a 

shrinkage value of 5 ‰ was calculated. The resulting deviations measured on the castings do not correlate 

with the values of the pattern. According to the results from the 3D scanning of the castings, a dimensional 

correction will propose a dimensional revision of the pattern, followed by repeated sampling and measurement. 
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Figure 3 Scan results for the pattern KARDAN A 

  

a) designed values on the CAD model b) measured values on the manufactured pattern 

 

c) measured values on the part/casting after casting 

Figure 4 Scan results - comparison of the design value of the model, the actual value on the 

manufactured pattern, and the resulting value on the cast part (KARDAN A; cavity 1) 
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It is worth noting that the observed dimensions in Figure 4 are complicated to measure by standard touch 

measurement accurately. On the other hand, 3D scanning can identify with a high degree of accuracy the 

points where the shape changes and where the necessary dimension needs to be specified. It is best shown 

in the sections from the cast in Figure 4c). 

4. CONCLUSION 

Presented paper was devoted to the study of the potential of the method of non-contact 3D measurement of 

shape and dimensional accuracy of the patterns and castings, which is to be used in optimizing the process 

parameters of gravity casting of ductile iron castings. 

The use of 3D scanning in the discussed foundry practice has mainly demonstrated the following advantages: 

✓ obtaining a complex cloud of millions of points with dimensional deviations from the design of the CAD 

model; 

✓ the possibility of measuring with a CMM barely identifiable dimensions; 

✓ the use of virtual sections in the evaluation SW assesses the shape and dimensional accuracy as 

needed. 

Shape and dimensional deviations of the patterns and castings are monitored similarly, and the resulting 

castings' quality is continuously monitored and evaluated. Based on the results, it is possible to operationally 

approach adjustments in cast iron production technology with nodular graphite. Obtained 3D scans can be 

archived for later use, for example, when optimizing the process of numerical simulations, where stress states 

and resulting deformations of castings are also studied. 
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