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Abstract— Casting processes are widely used to produce 

complicated metal shapes with little or no further machining, 

in a very economical way. Foundry industries in developing 

countries suffer from poor quality and productivity due to 

involvement of number of process parameter. Ductile iron 

pipes are casted centrifugally by using centrifugal casting 

machine. The quality of the pipe largely depends on its 

microstructure and mechanical properties. Even in 

completely controlled process, it is challenging to produce a 

better quality of pipe hence this casting process is also known 

as process of uncertainty. Major of the ductile iron pipe 

quality depends on the microstructure and mechanical 

properties like Ferrite percentage, Nodule count per square 

meter, elongation percentage and hardness. All these result 

are largely depending on the process parameters like 

magnesium percentage, Inlet cooling water flow rate and 

holding time of the pipe in annealing furnace. For analyze and 

optimize the Process Parameters Design of Experiments 

(DOE) based Taguchi Method is use. 
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I. INTRODUCTION 

Ductile iron pipe is a pipe made of ductile cast iron commonly 

used for potable water transmission and distribution. This 

type of pipe is a direct development of earlier cast iron pipe, 

which it has superseded the ductile iron used to manufacture 

the pipe is characterized by the spheroidal or nodular nature 

of the graphite within the iron. Typically, the pipe is 

manufactured using centrifugal casting in metal or resin lined 

moulds. Protective internal linings and external coatings are 

often applied to ductile iron pipes to inhibit corrosion the 

standard internal lining is cement mortar and standard 

external coatings include bonded zinc. However, a lifespan in 

excess of 100 years has been estimated for ductile iron 

pipelines. 

 
Fig. 1: Set of Ductile Iron Pipe 

 
Fig. 2: Set-up of Centrifugal Casting Process 

Ductile iron pipe is a pipe produced by centrifugal 

casting process, the material is ductile iron. It is widely used 

in metallurgy, mining, water, petroleum and urban public 

construction projects of various pipeline can transport water, 

gas and other fluids. It has the essence of iron, steel 

performance, high strength, good toughness, corrosion 

resistance, is the traditional cast iron pipe and ordinary steel 

replacements. In addition, the centrifugal ductile iron pipe 

straight is good, smooth surface, accurate size, wall thickness, 

good mechanical properties, coating adhesion firm, using T-

socket type flexible interface, apron seal, easy to install. 

The main aim of the study is to determine that the 

work has been done on this topic to evaluate the present 

scenario in analysis of Material composition and Processes 

parameter for Ductile Iron Pipe. Quality of ductile iron pipe 

depends on the microstructure and mechanical properties like 

Ferrite percentage, Nodule count per square meter, elongation 

percentage and hardness. This results are depending on 

magnesium percentage, Inlet cooling water flow rate and 

holding time of the pipe in annealing furnace. 

II. CAST IRON VS. DUCTILE IRON 

Ductile Iron not only retains all of Cast Iron's attractive 

qualities, such as machinability and corrosion resistance, but 

also provides additional strength, toughness, and ductility. It 

is lighter, stronger, more durable and more cost effective than 

Cast Iron. 

Although its chemical properties are similar to those 

of Cast Iron, Ductile Iron incorporates significant casting 

refinements, additional metallurgical processes, and superior 

quality control. 

Ductile Iron Pipe's improved qualities are derived 

from an improved manufacturing process that changes the 

character of the graphite content of the iron. Its graphite form 

is spheroidal, or nodular, instead of the flake form found in 

Cast Iron. This change in graphite form is accomplished by 

adding an inoculant, usually magnesium, to molten iron of 

appropriate composition during manufacture. 
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Fig. 3 Comparison of microstructure between Ductile Iron 

and Cast Iron 

Due to its spheroidal graphite form, Ductile Iron has 

approximately twice the strength of Cast Iron as determined 

by tensile, beam, ring bending, and bursting tests. Its impact 

strength and elongation are many times greater than Cast 

Iron's. 

Since its introduction into the marketplace in 1955, 

Ductile Iron Pipe has been recognized as the industry 

standard for modern water and wastewater systems. More 

than four decades of field experience have proven its strength, 

durability, and reliability for transporting raw and potable 

water, sewage, slurries, and process chemicals 

III. LITERATURE SURVEY 

Hideo Ogura, et al, [1] (1981) were performed the study 

regarding to the roughness of the inner surface of a casting 

influences the fit of a cast crown and is dependent on certain 

variables. Six variables that could affect the surface 

roughness of a casting were investigated. 

 
Fig. 4: Roughness Profile of Castings Made Temperature. 

From The Two Alloys at the Recommended 

The variables were (1) type of alloy, (2) mold 

temperature, (3) metal casting temperature, (4) casting 

machine, (5) sandblasting, and (6) location of each section. 

C.Y. Wang et al, [2] (2000) had presented Modelling 

the solidification of functionally graded materials by 

centrifugal casting. The multiphase solidification model was 

extensively validated against the experimental results and 

good agreement was found. Three factors can be identified to 

be responsible for creation of the particle concentration 

gradient: the geometrical nature of particle flow in the 

cylindrical mold, the angular velocity, and the solidification 

rate 

Oluwole, et. al, [3] (2007) worked on Effect of 

Magnesium and Calcium as Spheroidizers on the Graphite 

Morphology in Ductile Cast Iron. This study investigated the 

effect of magnesium and calcium as spheroidizers on the 

graphite microstructure in cast iron. Use of magnesium is as 

a spheroidizing agent produces spheriodal graphite cast iron 

having microscopic nodular graphite grains and The use of 

calcium as a spheroidizing agent produces grey flake cast 

iron. The use of a combined addition of 60% Mg and 40% Ca 

as spheroidizing agent This combined addition reduces the 

amount of Mg alloy used in the spheroidization process 

thereby reducing cost of production. 

Al-Ghonamy et. al, [4] (2007) had presented Effect of 

Graphite Nodularity on Mechanical Properties of Ductile Iron 

for Waterworks Fittings and Accessories. In this research the 

effect of graphite nodularity on tensile strength, elongation, 

impact strength and wear rate was studies. Different samples 

from four heats of cast iron containing several of graphite 

nodularities were cast. In this research the effect of graphite 

nodularity on tensile strength, elongation, impact strength and 

wear rate was studies. Different samples from four heats of 

cast iron containing several of graphite nodularities were cast. 

Different degrees of graphite nodularities from low graphite 

nodularity of about 21% up to high graphite nodularity of 

94% were produced by treatment cast iron by different 

amount of spheroidizing (Mg) and elements. The minimum 

graphite nodularity of 60% can be considered for design as 

satisfactory values of ductile iron fittings and accessories. 

Karl-Fredrik Nilsson et. al, [5] (2009) worked on 

Analysis of ductile cast iron tensile tests to relate ductility 

variation to casting defects and material microstructure.  This 

paper describes an experimental and analytical study to 

correlate the ductility variation in ductile cast iron to casting 

defects and the cast iron’s microstructure. Casting defects in 

the form of magnesium-oxide film was the dominant 

contributor to reduction in ductility for the investigated 

inserts. 

S. Kamaruddin et al, [6] (2010) were performed the 

study regarding to the Application of Taguchi Method in the 

Optimization of injection Moulding parameters for 

Manufacturing Products from Plastic Blend. This paper 

discussed about the Taguchi Method in the Optimization of 

Injection Moulding Parameters for manufacturing products. 

Result obtain 1) Optimized Parameters were found without 

interaction.    2) Most Significant parameter and its impact on 

the result was found. 3) Contribution of different parameters 

was analyzed. 

Madhusudhan et. al, [7] (2010) analyzed Effect of 

Mould wall Thickness on rate of Solidification of centrifugal 

casting. In this paper analysis of wall thickness is carried out 

with respect to solidification, Result of this paper was as 

mould thickness increase, time decrease rapid solidification 

showed well distribution of fine grains and slow solidification 

showed coarse grains. 

Shuangping Lin et. al, [8] (2010) studied about 

Annealing behavior of a modified 5083 aluminum alloy. The 

annealing behavior of a modified 5083 aluminum alloy was 

studied in the temperature range of 125– 3750C with different 

holding times (range between 1h to 48h). The results shown 

that the annealing temperature was more sensitive to the 

mechanical and corrosion resistance properties compared 

with the annealing holding time. The modified 5083 

aluminum alloy exhibits a good corrosion resistance, higher 

strength and elongation after annealing at 225 C for 4 h. 

Mr. Pierre-Marie Cabanne   et. al, [9] (2011) studied 

about Fluctuations in Magnesium Treatment of Ductile Iron. 
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Observation reflect that the Magnesium before pouring 

depends on the level of S, Zn and free oxygen in the iron. 

%Mg* final = MgS + MgO + MgZnO3 + 

MgX + free Mg 

Only the ‘free Mg’ promotes nodularization. many 

defects (like poor graphite shape) come from to low ‘free Mg’ 

and excessive magnesium percentage also promotes defects 

such as carbides, dross, pin hole and micro shrinkage. 

Madhusudhan et. al, [10] (2012) performed 

Experimental Study on Cooling Rate of Centrifugal Casting 

Based on Grain Size.  The rate of solidification affects the 

microstructure, quality and mechanical properties of the 

castings.  As the grain size is directly depending on the rate 

of solidification of the casting. The slow rate of solidification 

gives coarse grains and faster rate of solidification gives fine 

equi-axed grains.  

 
Fig. 5: Cooling Curves for the Castings Obtained at 

Different Cooling Rates 

At around 400 rpm due to turbulence the rate of 

solidification is faster and hence the fine grains are formed 

and at very low and around 800 rpm the rate of solidification 

is slightly slower and hence coarse grains are formed. 

Prof. B.R Narendra Babu et. al, [11] (2013) performed 

Experimental Behavioural Study of Ductile Cast Iron 

Microstructure and Its Mechanical Properties. Final micro 

structure and properties of Ductile cast iron are obtained by 

exactly controlled process of heat treatment. Results of the 

experiment shows that it dependence of temperature. Proper 

heat treatment process reduces hardness significantly, 

increase nodule counts and there is no change in shape and 

size of graphite nodules 

F. I. Aluko et. al, [12] (2014) analyzed The Effect Of 

Heat Treatment On The Mechanical Properties Of Grey Cast. 

Investigations were carried out to study the effect of heat 

treatment on the mechanical properties of grey cast iron. The 

tensile strength of the annealed samples was less than that of 

the as-cast sample. This shows that annealing process 

removed the internal stresses of the Cast iron. As for the 

percentage elongation, better ductility was obtained from the 

annealed samples than other heat treated samples. 

Rupesh Kumar Tiwari et. al, [13] (2015) worked on 

Application of Taguchi’s Method for Optimization of Process 

Parameters. The Objective of the research is to apply 

Taguchi’s method for optimization of the process parameters 

of cast iron sand casting using. The process parameters 

considered are moisture content, green strength, permeability 

number and mould hardness number. The analysis proves that 

by improving the quality by Taguchi’s method of parameter 

design at lowest possible cast 

Shatrudhan Pandey et. al, [14] (2017) worked on 

Casting Defects and its Optimization Method in Centrifugal 

Casting Process. Centrifugal casting method produces some 

defect in, it’s like blow-hole, macro-segregation and 

shrinkage hole, etc. And this directly affects the quality of 

casting product. 

 
Fig. 6: Casting Defects in Wet-type Cylinder 

 
Fig. 7: Microstructure of Casting Materials 

This defect should be minimized by optimizing the 

process parameter of the centrifugal casting process. 

Optimization method reduces the defect as well as enhance 

the mechanical property of the casting product. Various 

Optimization method like Computer Aided Simulation 

software, Pro-cast software, Grey Fuzzy method, Taguchi 

method etc. are used for optimization 

IV. CONCLUSION: 

The final Magnesium content is one of the most important 

parameters to obtain spheroidal graphite. Lower amount of 

magnesium causes poor graphite shape and Excessive 

Magnesium content promotes defects such as carbides, dross, 

and micro-shrinkage. 

Heat treatment process improve micro structure and 

properties of Ductile cast iron. Tensile strength of the 

annealed samples was less than cast sample and better 

ductility was obtained from the annealed samples than other 

heat treated samples. Annealing temperature and holding 

time having significant effect on mechanical properties. 

Solidification rate affects the microstructure, quality 

and mechanical properties of the castings. 

Centrifugal casting defects can be minimised by 

Various Optimization method like Computer Aided 

Simulation software, Pro-cast software, Grey Fuzzy method, 

Taguchi method etc. 

Taguchi method helps to obtain lesser variation with 

optimal settings of experimental parameters. 
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