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Abstract- Production of casting involves various processes like pattern making, moulding and assembly, core making and 
melting etc. A casting defect may be result of a single cause or a combination of causes. The single castings have one or 
more defects. These can be minimized by taking corrective actions in the tools like pattern, mould making, core making and 
melting process. This paper presents a systematic procedure to identify as well as to analyze major casting defects. Defects 
are responsible for time waste, money and eventually they affect productivity adversely. The defects need to be diagnosed 
correctly for appropriate remedial measures; otherwise new defect may get introduced. The proper classification and 
identification of particular defect is basic need to correct and control quality of casting. Keeping rejection to a bare minimum 
is essential to improve the yield and increase the effective capacity of the foundry unit and also improve the productivity. 
This paper indentifies two major defects slag and porosity. There are many reasons to generate these defects. So it preferably 
necessary to reduce it as much as possible by appropriate analysis of the defects which includes the root cause analysis so 
that actual reasons behind occurring the defects can be find out to make the corrective action. In this paper use six sigma 
technique and Shainin tool for indentify and analysis casting defect. Shainin tool works on elimination principle. Final result 
of this work has to be reducing slag and porosity defect by taking corrective action. Tool should be identifying the sources of 
variation clearly.  
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I. NTRODUCTION 
 

The principle of manufacturing a casting involves 
creating a cavity inside a sand mold and then pouring 
the molten metal directly into the mold. Casting is a 
very versatile process and capable of being used in 
mass production [3]. The size of components is varied 
from very large to small, with intricate designs. Out of 
the several steps involved in the casting process, 
molding and melting processes are the most important 
stages. Improper control at these stages results in 
defective castings, which reduces the productivity of 
foundry industry. All foundry processes generate a 
certain level of rejection that is closely related to type 
of casting, the processes used and equipment 
available. However, in most foundries a substantial 
proportion of rejection result from lack of shop floor 
supervision and technical control, and the use of 
poorly maintained and inadequate equipment. The 
rejected casting can only be re-melted and the value 
addition made during various processes such as 
melting, molding, fettling and heat treatment etc. is a 
lost irrecoverably. Casting process is also known as 
process of uncertainty [4]. Even in a completely 
controlled process, defects in casting are found out 
which challenges explanation about the causes of 
casting defects. The complexity of the process is due 
to the involvement of the various disciplines of 
science and engineering with casting. The cause is 
often combination of several factors rather than a 
single one [4]. When these various factors are 
combined, the root cause of a casting defect can 
actually become a mystery. Objective of the paper to 
reduce defects of casting (slag and porosity) by using 

Shainin tool. For defect analysis and elimination use 
Shainin tool.  

  
II. LITERATURE REVIEW:  
 
Mayank Dev et al. [2] have been focused on the flow 
of material movement for better utilization of plant 
area for improves the productivity. Objectives towards 
accomplished this study is to identify problems in the 
casting and fastening process and improved it in terms 
of reduction in production time. Prof. Ketki 
Kaskhedikar et al. [3] have studied the  quality 
Management is an integrated management approach 
that aim to continuously improve the performance of 
products, processes, and  services to achieve and 
surpass customer’s expectations.  B. Chokkalingam et 
al. [4] has been analysis of casting defect through 
defect diagnostic study approach. They are presents a 
systematic procedure to identify as well as to analyze 
a major casting defect. T.R. Vijayaram, S. Sulaiman et 
al. [5] have been studied Foundry quality control 
aspects and prospects to reduce scrap rework and 
rejection in metal casting manufacturing industries. 
Stefan H. Steiner et al. Studied critical overview of the 
Shainin System for quality improvement and provide 
such a review and also compare the Shainin System to 
other process improvement systems including Six 
Sigma.   

  
III. METHODOLOGY 
 
Six Sigma methods include a host of enumerative and 
analytical statistical tools like Distributions, Statistical 
inference; Basic control charts, and exponentially 
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weighted moving average. Advanced Six Sigma 
method is Shainin tool. These techniques help to 
identify key factors and to subsequently adjust these 
factors in order to achieve sustainable performance 
improvements [9]. This tool no complex mathematics, 
statistics and big jargons, line engineers should be 
able to analyze the data, should identify the sources of 
variation clearly, should not allow any ambiguity in 
the decision making process, team should get 
“addicted” to using these tools, day-in, day-out, works 
on Elimination principle, no “Atmospheric analysis”, 
data based approach, depending on the type of the 
problem and the SSV’s, the tool has to be selected for 
troubleshooting, most of the problems will require 
sequential application of many tools to reach the root 
cause(s) [9]. In Shainin tool there are five steps to find 
out suspected cause. In Shainin tool first has to take 
screening experiment according to their slandered 
value of all causes. From trial find the batch contain 8 
good parts & 8 bad parts. The combination of 8 good 
parts and 8 bad parts called WORST of WORST 
(WOW) and BEST of BEST batch (BOB). Make 
counting of all batches. If the Total count is greater 
than or equal to 6, then that SSV is the “reason for the 
problem”. If the Total count is less than 6, then that 
SSV is not the reason for the problem. From lot of 
causes tool should be focus on the particular cause has 
exact reason for problem & again conduct experiment 
according to new standard values [1]. In figure 1 show 
that step wise procedures of methodology from 
problem define to result. In this flow chart first to 
define the problem by previous data. Generate clues 
related to problem and list the causes. According to 
causes conduct designed experiment and observe the 
process parameter, which has affected on the process 
and finally monitor the result from analysis. 
 

 

IV. IMPLEMENTATION 
 
i)  Slag:  

From number defects slag has major defect with 
respective to higher share of business component. 
Slag has generated during melting and pouring stage. 
This defect has inspected after CNC/VMC machining 
and at final dispatch.   
 

 
 
From the observation there are six SSV’s for the slag 
problem. These suspected sources of variation 
(SSV’s) are divided into either design or variable. The 
variable SSV’s are not continuously occurred.  

  
Table 1: Suspected source of Variation (SSV’s) 

 
 

For slag there is total six trial conducted i.e. total 384 
nos. moulds poured & obtain 768 nos. casting from 
six trials. From one mould two casting are drawn. 
During trial take control on SSV’s like pouring temp. 
(1440c+/- 10), carbon quality, O.D. & height of 
pourer. From this experiment find out worst of worst 
(WOW) & Best of Best (BOB) batch for analysis, 
from these find which cause most responsible for slag 
problem. During these trial SSV’s kept as per their 
standard value.  
 
After experiment find  the Worst of Worst and Best of 
Best batch. From these batch obtain the exact cause of 
the slag problem, and then again takes the trial on new 
value of the parameters.  
 
As per Shainin tool from trials takes out worst of 
worst and best of best batch i.e 8 bad parts & 8 good 
parts for analysis of parameter. From above trial 
should be analyzing that O.D. is the reason for the slag 
problem.  
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 Table 2: Worst of Worst and Best of Best batch 
(WOW/BOB) 

 
 

 
 

In counting method according to Shainin tool rules, 
counting of OD dia. batch has 16 i.e. greater than 6. 
So it has to be reason for the problem. Make counting 
of laddle temp. batch has 3 i.e. less than 6. So these 
batch not reason for the problem. Similar height of 
pourer is also not reason for the problem because 
counting of this batch has 2 i.e. less than 6. For that 
O.D. variation has to be control the process parameter.   

  
ii) Porosity:  

Porosity is on bore inner diameter after machining 
operation in component. Porosity generated after 
metal storage in holding furnace at casting stage & 
inspect during inspection stage. From the observation 
there are five SSV’s for the porosity problem. These 
suspected sources of variation (SSV’s) are divided 
into either design or variable.   

 Table 3: Suspected sources of variation (SSV’s) 

 
 

The percentage of carbon & percentage of CE value is 
measure from 18 nos. of trials for analysis. In carbon 
content & carbon equivalent table count is 6. Hence 
Carbon content & carbon value both are the reason for 
the OD Porous according to the Shainin tool counting 
rule. For pouring temp. & die temp. taken trials & 
both parameter is kept as per standard value. Total 120 
nos. of mould poured & gets 240 nos. of casting for 
analysis. From this trial analyze the particular factor 
has most affecting to the creating problem.   

 
 
From trial can obtained the WOW & BOB batch 
contain 8 no’s of bad castings and 8 nos. of good 
casting. In batch contain 60 nos. mould. Die temp. & 
pouring temp. are two causes for selecting the batch 
contain 8 no. of bad parts & 8 no. of good parts. Bad 
parts are selected on the basis of e.g. for selecting 
pouring temp. remaining SSV,s are observe the non-  
standard value, same for selecting good parts 
remaining SSV’s are observe the standard  value of 
these particular SSV’s. According to Shainin tool rule 
counting of each batch for analysis. Die temp. & 
pouring temp. count 0 respectively. Hence pouring 
temp. & Die temp. are not reason for the problem.  

  
Table 5: - Worst of worst (WOW) & Best of Best 

(BOB) 
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V.  ANALYSIS OF RESULT:  
 
i) Slag:  
a) Laddle Temperature is not the reason for slag 

inclusion.  
b) Height of pourer is not the reason for slag 

inclusion.  
c) O.D. is the reason for slag inclusion.  
  

As per considering O.D. variation, it is concluding 
that specified the range of the O.D. diameter in 
between 64.15 to 65.15. There are four reasons for 
O.D. variation, core setting allowance (it kept at 0.15 
mm), shell warpage (use of closer pin 8 top pin and 8 
at bottom pin, air pressure of closer pin kept at 5 
Kg/cm2), Improper curing of mold (pattern temp. kept 
at 240c +/-100c), dip groove on match plate 
(removing groove), filter size (2mm, 3mm & 4mm) 
and maintain the 64.65 +/-  0.5 OD range. Filter size 
4mm give good result as compared to 2mm & 3mm. 
Hence taken trial by controlling this process parameter 
on the specified range, it gives minimum % rejection. 
So that range for O.D. has finalized 64.15 to 65.15.  

 ii) Porosity:  
a)  Die temperature is the not reason for porosity 

problem.  
b)  Pouring temperature is the not reason for 

porosity problem.  
c)  Percentage of CE & Carbon value is the reason 

for the porosity problem.  
  

Table 6: - Percentage of Alloys 
 
From above data it clears the % Carbon Equivalent is 
3.98 to 4.10 & % Carbon value is 3.38 to 3.52 has no 
rejection. This percentage kept between them by 
proper pouring of alloys percentage.  
 

CONCLUSION 
 
Foundry process involves number of stages. At each 
stages no. of & different type of defect generated due 
to some operation related or due to incorrect process 
related. The defect need to be diagnosed correctly for 
appropriate remedial measures, otherwise new defect 
may get introduced. Shainin tool it works on 
elimination process. It can be achieve 95% confidence 
level. This tool useful for quality improvement & by 
this tool eliminates the defect. In this work, reduces 
the two defect slag and porosity, has share higher 
percentage in the total rejection of the foundry. 
Shainin tool keeping rejection to a bare minimum is 
essential to improve the yield and increase the 
effective capacity of the unit. From the result of trials 
it can be reduces rejection level & also improve 
productivity. 
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