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Abstract— Spheroidal Graphite Cast iron is a high carbon 

containing, iron based alloy, in which the graphite is present 

in spherical shapes. As Spheroidal graphite cast iron, 

sometimes referred as ductile iron, constitutes a family of cast 

irons in which the graphite is present in a spheroidal form.  

The graphite nodules are small and constitute only small areas 

of weakness in steel like matrix. Spheroidal Graphite Cast 

iron is one of the most important materials in automobile 

industry. Its ductility property will useful to make many 

components in various industrial applications. In this project 

machining characteristics of Various SG iron Specimens 

using Wire Electrical Discharge Machining (WEDM) process 

is studied. Following experimental procedure is conducted. 

First SG Iron castings with different composition will be 

manufactured. Then all these casting specimens will be 

machined under EDM process. 
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I. INTRODUCTION 

Spheroidal graphite (SG) cast iron was discovered in the 

1948. However, «lf coke (which is high in would have been 

accepted as the normal form of iron, with flake graphite iron 

only being discovered much later as an accident of adding S 

and O. This seems to have been close to the situation in China 

where spheroidal graphite irons were produced over 2000 

years ago 

Ductile iron or SG iron was discovered in 1948 at 

the American Foundry men Society Annual Conference. It 

was seen that by adding magnesium before pouring caused 

the graphite to form nodules rather than flakes. This resulted 

in a new material, with excellent tensile strength and ductility. 

Adding these mechanical properties of this material to the 

advantages already offered by cast iron soon led to it finding 

its way into virtually every mainstream area of engineering, 

in many cases replacing existing steel castings or forgings due 

to achievable cost savings. It is shown that, recent process and 

developments open new avenues to this family of materials. 

SG iron is an alloy of iron and carbon having 

nodules or spheroids of graphite embedded in a ferrite-

pearlitic matrix. The nodules are compact spheres and are 

sharp and regular. The graphite occupies about 10-15% of the 

total material volume and because graphite has negligible 

tensile strength, the main effect of its presence is to reduce 

the effective cross-sectional area, which means that ductile 

iron has tensile strength, modulus of elasticity and impact 

strength proportionally lower than that of a carbon steel of 

otherwise similar matrix structure. The matrix may vary from 

a soft ductile ferritic structure through a hard and higher 

strength pearlitic structure to a hard higher and comparatively 

tough martensitic structure. General engineering grades of 

ductile iron commonly have the structures which are ferritic, 

ferritic /pearlitic or pearlitic. Controlled processing of the 

molten iron precipitates graphite as spheroids rather than 

flakes. The round shape of the graphite eliminates the 

material’s tendency to crack and helps prevent cracks from 

spreading. The properties of SG iron are affected by elements 

like Si, Mn, Cu, Ni etc. Except carbon almost all the elements 

increase hardness and tensile strength. While except Si, all 

other elements promotes pearlite, except Si, Cu, Ni all other 

elements promote carbide formation. 

 
Fig. 1: SG cast iron in which graphite is in spheroidal 

form[1] 

II. S.G. CAST IRON 

A. Spheroidal graphite cast iron or ductile iron 

It is produced by adopting special alloy addition and proper 

cooling rates so that the carbon can be converted to spherical 

forms which can be used in those fields where carbon in flake 

form or temper form can’t be used. The nodules are formed 

during solidification and not during heat treatment. It can be 

of three types namely, ferritic, pearlitic/ferritic, martensitic. 

It has excellent mechanical properties which can be compared 

to steels. 

There is a subclass of ductile iron named as 

Austempered ductile iron. It has the same nodular or spherical 

graphite as in ductile iron but the matrix is a combination of 

bainite and stabilized austenite. Austempering is necessary to 

get this type of cast iron structure. Here graphite is present in 

compact form and shape of graphite is controlled by minor 

alloying addition. 

B. Production of SG Iron 

1) Desulphurisation 

Sulphur helps in the growth of graphite flakes. Thus while 

producing SG iron the raw materials should have low sulphur 

content (<0.1%). Sulphur should be removed during melting 

or by addition of a desulphurising agent like calcium carbide 

or soda ash. 

2) Nodulising 

Magnesium is added to the bath to tie up sulphur and oxygen 

and radically change the graphite growth morphology. 

Magnesium reacts with oxygen to form highly stable MgO 

which floats on the surface and can be skimmed off easily. 

Oxygen content thus reduces from typical levels of 90-

135ppm to about 15-35ppm. Magnesium also reacts with 

sulphur to produce less stable MgS. Due to low solubility of 

magnesium in the metal and due to its volatile nature, reaction 
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can become reversible if losses are not taken care of. Si is 

added for additional deoxidation. Group 1A, 2A, 3B elements 

can also be added for tying up sulphur and oxygen. Cerium 

forms highly stable oxides with S and O and is less volatile 

than Mg. Addition of Mg is done when the melt is at 15000C 

but Mg vaporizes at 11000C. Magnesium being lighter floats 

on the bath and being reactive burn off at the surface. Hence 

it is generally added as Ni-Mg, Ni-Si-Mg alloy or magnesium 

coke to reduce the violence of the chemical reaction and to 

have saving in Mg. Thus magnesium addition plays an 

important role in the manufacture of SG iron. After 

nodulising treatment inoculants like Mg have their 

spherodising effect on the graphite structure so that graphite 

nodules can be formed. 

3) Inoculation 

The inoculation of cast iron involves the addition of small 

amounts of a material (inoculants) to the molten metal either 

just before or during pouring. Inoculation increases the 

number of points available for the precipitation and 

subsequent growth of graphite. This effect is often described 

as increasing the degree of nucleation of the iron. It can be 

seen that high levels promote graphite structure whilst low 

levels can result in the formation of either mottled structure 

or white irons. The need for a high level of nucleation 

increases as cooling rate increases, i.e. section size decreases. 

In addition to its effect on graphite morphology, magnesium 

is a powerful carbide promoter and as a result, compared with 

the gray irons, there is a far greater tendency for ductile irons 

to solidify with white or mottled structure. The primary 

purpose of inoculating ductile irons is to suppress formation 

of chill and mottle. In addition, inoculation is important in 

maintaining good nodule shape and also high nodule 

numbers. Graphite is not effective inoculants for ductile irons 

and all effective inoculants are based on silicon. The most 

widely used is foundry grade ferrosilicon, containing about 

75% silicon. This alloy must contain small amounts of 

aluminum and calcium, in order to be fully effective; the 

amounts required are about 1.5-2.05 aluminum and about 0.3-

1.0%. The inoculating effect produced initially increases as 

the amount of inoculants is increased, but the effect soon 

begins to level off. A situation is reached where the extra 

inoculating benefit obtained is too small to justify for the 

increased addition. Usually, suppliers recommend smaller 

additions of the proprietary inoculants to achieve the same 

degree of nucleation. This partly compensates for their 

increased cost and has the advantage of decreasing the 

amount of silicon added. 

4) Solidification of SG iron 

Solidification of SG iron is always associated with proper 

under cooling. Graphite nuclei grow slowly and then are 

surrounded by austenite. The combination of austenite and 

graphite corresponds to the eutectic point at eutectic 

temperature. Austenite which gets supersaturated with carbon 

cools and a new equilibrium is established at the 

graphite/austenite interface. The excess of carbon diffuses 

towards the graphite nodule where it precipitates out. 

III. WIRE EDM MACHINING 

A. Experimental Set Up 

The experiments were conducted using the Electric Discharge 

Machine, model Electronica-Electraplus PS 50ZNC (die 

sinking type) the polarity of the electrode was set as positive 

while that of workpiece was negative. The dielectric fluid 

used was EDM oil (specific gravity-0.763). The EDM 

consists of the following parts: 

 Dielectric reservoir, pump and circulation system. 

 Power generator and control unit. 

 Working tank with work holding device. 

 X-Y working table 

 The tool holder 

 The servo system for feeding the tool. 

 
Fig. 2: EDM Mechanism 

1) For giving the input to the wedm machine first prepare 

profile on auto cad software and convert to machine 

program by using software is L Cam software then it will 

perform the desired operation. 

2) The brass coated copper wire is used as cutting tool for 

removing the work piece material. 

3) The Distilled water as coolant is used for removing the 

work piece material because of 

 High cutting speed  

 Wire cooling 

 Brass coated powder is removed 

S. No Parameter Value 

1 Pulse on Time (Ton) 122 

2 Pulse off Time (Toff) 56 

3 Wire Power (Ip) 230 

4 Voltze (Vp) 2 

5 Water Pressure (Wp) 1 

6 Wire Feed (WF) 1 

7 Wire Tension (WT) 8 

8 Servo Voltze (SV) 20 

9 Servo Feed (SF) 2100 

10 Machining Time 45 

Table 1: Specimen A- Cylindrical Rod (WIRE DIA 0.25) 

S. No Parameter Value 

1 Pulse on Time (Ton) 128 

2 Pulse off Time (Toff) 54 

3 Wire Power (Ip) 230 

4 Voltze (Vp) 2 

5 Water Pressure (Wp) 1 

6 Wire Feed (WF) 2 

7 Wire Tension (WT) 7 

8 Servo Voltze (SV) 20 

9 Servo Feed (SF) 2080 

10 Machining Time 75 

Table 2: Specimen B – Rectangular Block (WIRE DIA 

0.25) 

S. No Parameter Value 

1 Pulse on Time (Ton) 120 
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2 Pulse off Time (Toff) 60 

3 Wire Power (Ip) 230 

4 Voltze (Vp) 2 

5 Water Pressure (Wp) 1 

6 Wire Feed (WF) 2 

7 Wire Tension (WT) 7 

8 Servo Voltze (SV) 20 

9 Servo Feed (SF) 2080 

10 Machining Time 105 

Table 3: Specimen C – Rectangular Block (WIRE DIA 

0.20) 

IV. SPECIMENS TESTING 

A. Chemical Composition Test 

1) Specimen A  

 clean the specimen by using surface grinder and for 

analyzing the chemical composition Bench top optical 

emission Spectrometer 

 Place the specimen in the holder and touch the detecting 

tool on specimen cleaned area. 

 Switch on the spectrometer the tool produce the spark 

upto desired time to obtain the composition result. 

2)  Specimen B 

 clean the specimen by using surface grinder and for 

analyzing  the chemical composition Bench top optical 

emission Spectrometer 

 Place the specimen in the holder and touch the detecting 

tool on specimen cleaned area. 

 Switch on the spectrometer the tool produce the spark 

upto desired time to obtain the composition result. 

B. Micro Structure Test 

1) Specimen –A 

 clean the specimen by emery papers grade from P120, 

1,2,3 upto 5 

 Polish the specimen by using disc polisher in diamond 

paste and diamond powder as a polishing agents. 

 Place the specimen in Dinocapture 2.0 microscope and 

adjust the magnification rage from 10x to 100X  

 Set the suitable magnification range and obtain the 

desired structure then connect the computer software to 

form the structure and analyze.  

2) Specimen –B 

 clean the specimen by emery papers grade from P120, 

1,2,3 upto 5 

 Polish the specimen by using disc polisher in diamond 

paste and diamond powder as a polishing agents. 

 Place the specimen in Dinocapture 2.0 microscope and 

adjust the magnification rage from 10x to 100X  

 Set the suitable magnification range and obtain the 

desired structure then connect the computer software to 

form the structure and analyze.  

V. RESULTS AND DISCUSSIONS 

A. Edm Machine Output Results 

S. 

No 

Sample A 

in mins 

Sample B 

in mins 

Sample C 

in mins 

1 45 75 105 

Table 4: Machining Time Results 

MRR= depth of cut * cross sectional area Machining time 

S. No Sample A Sample B Sample C 

1 20.16 17.08 12.20 

Table 5: Material Removal Rate Results 

S. No Sample A Sample B Sample C 

1 8 12 15 

Table 5: % of Tool Wear 

S. No Sample A Sample B Sample C 

1 0.024 0.0286 0.0283 

Table 6: Surface Roughness Results 

 Sample A Sample B Sample C 

MRR 20.16 17.08 12.20 

Tool Wear 8 12 15 

Surface Roughness 0.024 0.0286 0.0283 

Table 7: Output Results 

Note 

 Machining time is continuosly increases from 

specimen  A to C 

 The material removal rate is continuosly decreases 

from specimen  A to C 

 Tool wear is continuosly increases from specimen  

A to C 

 Surface roughness is continuosly increases from 

specimen  A to C Testing Results 

B. Microstructural Results 

 
Fig. 3: Specimen A 

 
Fig. 4: Specimen B 



Determination of Machining Parameters in Spheroidal Graphite (SG) Cast Iron 

 (IJSRD/Vol. 5/Issue 07/2017/207) 

 

 All rights reserved by www.ijsrd.com 840 

C. Microstructure Comparision 

      
Fig. 5: Specimen A Fig. 6: Specimen B 

D. Plots & Discussions 

S. No Sample A Sample B Sample C 

1 20.16 17.08 12.20 

Table 8: Material Removal Rate Results 

 
Fig. 7: Material Removal Rate Results 

S. No Sample A Sample B Sample C 

1 8 12 15 

Table 9: % of Tool Wear 

 
Fig. 8: % of Tool Wear 

S. No Sample A Sample B Sample C 

1 0.024 0.0286 0.0283 

Table 10: Surface Roughness Results 

 
Fig. 9: Surface Roughness Results 

 Sample A Sample B Sample C 

MRR 20.16 17.08 12.20 

Tool Wear 8 12 15 

Surface Roughness 0.024 0.0286 0.0283 

Table 11: Output result 

  
Fig. 10: output result       Fig. 11: Pulse on Time vs MRR 

 
Fig. 12: Pulse on Time vs TW 

E. Chemical Composition Results 

Specimen C% 
MN 

% 

SI 

% 
S % P % 

MG 

% 

A 3.56 0.28 2.20 0.014 0.023 0.019 

Table 12: Specimen A- Cylindrical Rod of dia 20 & length 

100 

Specimen C% 
MN 

% 

SI 

% 
S % P % 

MG 

% 

B 4.16 0.46 2.65 0.088 0.088 0.091 

Table 13: Specimen B – Rectangular Block of 92*70*25 

S. No Sample % of C 

1 A 3.56 

2 B 4.16 

Table 14: Copper Comparison 

S. No Sample % of Si 

1 A 2.20 

2 B 2.65 

Table 15: Silicon Comparison 

S. No Sample % of Mg 

1 A 0.019 

2 B 0.091 

Table 16: Magnesium Comparison 

S. No % of Content Sample A Sample B 

1 C 3.56 4.16 

2 SI 2.20 2.65 

3 MG 0.019 0.091 

Table 17: Chemical Composition Comparison 

VI. CONCLUSIONS 

The two different composited SG Cast Iron is used in this 

project above results are observed concluded as follows, 

1) Machining time is continuously increases from specimen 

A to C 

2) The material removal rate is continuously decreases from 

specimen A to 

3) Tool wear is continuously increases from specimen A to 

C 

4) Surface roughness is continuously increases from 

specimen A to C 

5) Due to copper % increases the material is going to very 

harder and tensile strength 

6) Due to Silicon % increases less thermal conductivity and 

current flow while using wire EDM process 

7) Due to Silicon % increases pearlitic grades are obtained. 

8) Graphite Nodules observed in specimen A is small range 

and specimen B is heavy range in ferrite and pearlite 

matrix. 

 Base on the experiment and investigation that was done 

it was found that both of them had discovered the effects 

that occurs in WEDM process base on the working 

parameters  such as peak current, voltage, wire tension 

etc. to the surface roughness and the cutting  process. 

 The higher peak current the higher surface roughness, 

wear ratio and metal removal rate. It is different from the 

process wire-EDM to make the surface of work-piece 

smooth. 

REFERENCES 

[1] Rao P.S., Kumar J.S, Reddy K., Reddy B., Parametric 

Study of Electric Discharge Machining of AISI 304 



Determination of Machining Parameters in Spheroidal Graphite (SG) Cast Iron 

 (IJSRD/Vol. 5/Issue 07/2017/207) 

 

 All rights reserved by www.ijsrd.com 841 

Stainless Steel, International Journal of Engineering 

Science and Technology, Vol. 2(8), 2010, 3535-3550. 

[2] Rahman M.M., Khan M.A.R., Kadirgama K., Noor 

M.M. and Bakar R.A.,Experimental Investigation into 

Electrical Discharge Machining of Stainless Steel 

304,Journal of Applied Sciences, 11: 549-554. 

[3] Puertas I., Luis C.J., Alvarez L., Analysis of the 

influence of EDM parameters on surface quality, MRR 

and EW of WC-Co, Journal of Materials Processing 

Technology, 153-154 (2004), 1026-1032 

[4] Tomadi S.H., Hassan M.A., Hamedon Z., Analysis of the 

influence of EDM parameters on surface quality, 

material removal rate and electrode wear of tungsten 

carbide, Proceedings of the International Multi-

Conference of Engineers and Computer Scientists, Vol II 

(2009). 

[5] Iqbal AKM A., Khan A.A., Optimization of process 

parameters on EDM milling of stainless steel AISI 304, 

Advance Materials Research, Vols. 264-265 (2011), pp 

979- 984. 


