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Abstract 

Today, ferrous metals include large part of industry in the world although many non-ferrous metals and other 

materials discovered. Steel and cast iron are the important ferrous metals because of their mechanical, 

physical properties and behaviors. After the discovery of the nodular cast iron, it began to burst into 

prominence. Because, its similarity to steels from the point of mechanical properties and to cast irons in terms 

of chemical and physical properties. Besides, nodular cast iron has low cost, good castability and convenient 

machinability property. In this study, GGG40, which is widely used in modern industrial production, was chosen 

as test material. The test specimens with different diameters 20 mm, 25 mm and 30 mm were prepared by 

casting. Thin section casting is the fundamental point of this study. Then, tensile tests, brinell tests and 

spectrum analysis were performed and investigated. 
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1.  INTRODUCTION 

For centuries, casting is protecting its place in metal product industry and this is will keep on without a doubt. 

Discovered new materials, different conditions and such differences in casting methods can cause various 

mechanical properties in material. So engineers can investigate them from different point. 

In this investigation we choose three different diameters (20, 25 and 30 mm) for casting and GGG40 as a 

material which is popular in recent years with good castability, convenient machinability, mechanical and 

physical properties. Its reputation come from similarity to steels from the point of mechanical properties and 

cast irons in term of chemical and physical properties and behaviors The application of nodular cast iron in the 

industry spans very wide ranges and various areas; for example automotive, agricultural, earth-moving 

applications, etc [1]. It has about 30% of the cast iron production in most industrial countries and it will 

undoubtedly keep rising [2]. And also its name is come from spherical graphite. The spherical graphite 

interrupts the continuity of the matrix much less than graphite flakes; due to this, nodular iron is better in 

strength and toughness than a similar structure of gray iron [3]. Experimental investigations of tensile strength 

versus elongation and also versus hardness on various ductile irons were carried out by Gilbert [4]. Basaj et 

al. focused on tensile properties continuum with Brinell hardness of as-cast ductile iron [5]. 

The manufacturing process and to be able to determine the changes which occur in tensile strength and 

hardness of GGG40 (EN-GJS-400-15/DIN 1693 or 60-40-18/ASTM A536) depending on section thickness 

during the casting process. 

2.  EXPERIMENTAL PROCEDURE 

2.1  Preparing the test specimens 

The test materials were produced by sand mould casting. All type test specimens were prepared using the 

mould model in Fig. 1. Test moulds were prepared utilizing a vertical molding process (Disamatic). 



����(.�����()���(-./+���
�+�����	�"�#$%
��+� ��

�

�

264 

Fig. 1 Model (a), Sand mould in Disamatic (b), ultimate product (c) 

Some of the elements, such as cerium, calcium, lithium and magnesium are known to develop nodular graphite 

structures in cast iron [6]. Mg was used in this study which is more preferred element for giving the spherical 

form to the graphite in industry because of low investment cost. The sandwich method (Fig. 2) was used for 

manufacture and the cast temperature was measured as a 1401 ˚C  

Fig. 2 Sandwich method [7]. 

When production is going on, a spectrum analysis was performed (Fig. 3) and results were obtained.  

Fig. 3 Spectrum analysis test machine (a), the view of the specimen after a spectrum analysis

Specimens firstly were cast from GGG40 as diameters of 20/25/30mm and lengths of 225mm; then they were 

machined for tensile tests in accordance with standards. The Tensile tests were performed by Instron 8501 

universal test machine (Fig. 4). 

Fig. 4 Instron test machine 
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Then, hardness tests specimens were prepared by cutting lengthwise from GGG40 cast bars which were 

resulted in 20mm,25mm, and 30mm diameters and 225mm lengths before. So the hardness test samples 

lengths have become 20mm and their diameters (20/25/30mm) remained same. Sandpapering and polishing 

were applied respectively (Fig. 5). 

  

Fig. 5 View of after polishing one of hardness test specimen (a), when a hardness test was applying (a,b) 

After all these processes , Brinell Hardness tests were performed with a 5mm 

diameter tungsten carbide ball and 750 kgf, from different points of the test 

specimens surfaces (Fig. 5).These different points were on the assumed lines 

which were placed on the surface from the centre to outward like Fig. 6 [8].  

Fig. 6 Schematic drawing of application zones for various diameters 

(20/25/30mm) 

3.  RESULTS 

3.1  Spectrum Analysis 

Spectrum analysis was chosen and applied which is a method for analyzing to chemical composition of a 

material. The chemical composition of materials are imported for experimental works because of their effects 

on mechanical properties and other investigations about comparison or matching on before or after papers. 

And the spectrum analysis results for chemical composition of the material that was used in this study were 

given in Table 1.   

Table1 The spectrum analysis results 

Elements Spec. test Elements Spec. test Elements Spec. test Elements Spec. test

%C 3.18 %Cr 0.023 %Ni 0.015 %Bi 0.00053 

%Si 2.59 %Cu 0.023 %V 0.0036 %La 0.004 

%Mn 0.19 %Sn 0.031 %Ti 0.014 %Ce 0.003 

%P 0.031 %Mg 0.029 %Al 0.014 %Fe 93.8 

%S 0.004 %Mo 0.0005 %B 0.00019 

3.2  Tensile test results  

The results of tensile tests which were carried out are shown in Fig. 7. Maximum (ultimate) tensile stress 

values were given on the vertical axis and the diameters before machined (cast diameters) were given on the 

horizontal axis. According to the tensile test results, when the casting diameters decreased, the maximum 

tensile results increased. These results are in compliance with the results of Goodrich and Lobenhoger [9]. 

The highest maximum tensile values were observed in specimens that have minimum cast diameter (Ø20). 
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The values of Ø25 were lower in comparison to values of Ø20, and also the values of Ø30 were lower in 

comparison to values of Ø25. This situation correlated with the rate of cooling. Fast cooling rates in the thin 

casting section produced stronger castings with greater pearlite content [10]. The amount of ferrite in the cast 

matrix depends on not only composition but also the rate of cooling [3]. 

Fig. 7 Variation of ultimate tensile strength according to cooling rate due to cast section thickness 

3.4  Hardness test results 

The hardness tests results were shown in Fig. 8. The Figures show that, generally, maximum hardness values 

are in the centers of specimens for each diameter. In other words, according to both the test results, generally, 

a decrease in hardness values from the centre outward was observed. Besides all these, the maximum change 

in hardness per unit distance was observed in the smallest diameter (Ø20). 

Fig. 8 Variation of hardness for different zones according to cooling rate due to cast section thickness 

CONCLUSION  

GGG 40 was chosen as a cast material in this study, which is a realization and brief explanation about the 

casting process of nodular cast iron. All phases of this casting process were realized and explained. Section 

thickness, spectrum analysis, and also interdependence of these to affect the mechanical properties from the 

point of tensile strength and hardness of GGG 40 were studied.  

The cooling rate which is related with section thickness affects the mechanical properties [10, 11]. It’s observed 

that, the tensile strength increased in specimens having diameters of 20mm, 25mm, and 30mm (1 Ø30), with 

the same conditions and same material but the increase was very high according to the standards (about 

>Ø30) for this material [2]. So that is not going on exactly linear. The rate of tensile strength increase is higher 

in diameters which are smaller than 30mm. The results show that it’s increasingly going on. 
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According to hardness test results, generally, a decrease in hardness values from the centre outward was 

observed. This is caused by carbon segregation and inclusions [12, 13]. The maximum change in hardness 

per unit distance was observed in the smallest diameter and also it caused by difference of cooling rate which 

is depend on section thickness. 

These observations showed that once again, nodular cast iron is a very functional material in engineering and 

can be handled meticulously and in a controlled manner to obtain the expected mechanical properties. Based 

on these, the trace amount changes in the chemical composition or the heat treatment’s qualifications and 

variations generate a variety of rich mechanical results that may be controlled through adjustments indicate 

that nodular cast iron is a perfect engineering material [14]. 

ACKNOWLEDGEMENTS 

The authors are grateful to the TRAKYA DÖKÜM / TURKEY for the technical support in 

experimental processes. Authors indicate that   they have not a financial relationship with the 

organization that sponsored the research. The authors declare that they have no conflict of interest. 

REFERENCES 

[1] KARSAY, S.I. Ductile iron II. Engineering Design, Properties, Applications.Sorel,   Canada, Quebec Iron and 

Titanium Corporation, 1971. 

[2] HUGHES, I.C.H. Casting, Ductile Iron, ASM International Handbook Comitee, vol. 15, 1992, p 1405-1466, in Eng. 

[3] AVNER, S.H.  Introduction To Physical Metallurgy, 2nd ed, McGraw-Hill, 1974. 

[4] GILBERT, G.N.J. Engineering Data on Nodular Cast Irons-SI Units, BCIRA, 1986. 

[5] BASAJ, L.J., DORN,T.A., HEAD2NGTOn F.C., ROTHWELL M.D., JOHNSON B.D., and HE2NE R.W., Tensile 

Properties   Continuum With Brinell Hardness of As-Cast Ductile Iron, AFS Transactions, vol. 107, 1999, 671-677 

p. 

[6] BROWN, J.R. Foseco Ferrous Foundryman's Handbook, Butterworth-Heinemann, 2000. Nodules on The Fatigue 

Strength of S.G. Cast Iron, IMONO J. Cast. Inst. Jpn., vol. 43/2, 1971, p 101-107 

[7] MURAKAM2 Y., Metal Fatigue: effects of small defects and nonmetalik inclusions.” ,Elsevier. 2002,  11, 205-217 

p. 

[8] KARAMAN S., and CETINARSLAN C.S., GGG 50 ve 60 Serisi Küresel Grafitli Dökme Demir Malzemelerde Kesit 

Kalınlı3ının Mekanik Özeliklere Etkisi,  Gelece�in Teknolojileri Sempozyumu ve Sergisi ,Istanbul, 2011, p 243-

247, in Turkish. 

[9] GOODRICH G., and LOBENHOGER R ., Effect of Cooling Rate on Ductile Iron Mechanical Properties, AFS 

Engineering Report (No. 40284), 2000, p 16. 

[10] POERSCHKE D., ZHU X., SCHWAM D., and RASMUSEN B.,  The Effect of Cooling Rate on the Microstructure, 

Mechanical Properties and Machinability of Compacted Graphite Iron (CGI), Keith Millis Symposium on Ductile 

Cast Iron, 2008, 128-134 p. 

[11] GOODR2CH G.M., and LOBENHOGER R.W.,  Effect of Cooling Rate on Pearlitic Ductile Iron Mechanical 

Properties, AFS Transactions, Vol. 115, 2007, 07-045 p. 

[12] MORGAN H.L., Introduction To Foundary Production and Control of Austempered Ductile Irons, The British 

Faundaryman’s, vol. 80/2, 1987, 98-108 p. 

[13] PEARCE J.T.H., Inoculation of Cast Irons: Practices and Developments, Metal Casting Technologies, vol. 53, 

2007, 16-22 p. 

[14] KARAMAN S., “The Investigation of Manufacturing Process and Mechanical Properties of Nodular Cast Iron      

(GGG40, GGG50, GGG60, GGG70),” Trakya University, Natural and Applied Sciences Institute, M.Sc.Thesis, 

2011, in Turkish.


