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Abstract- Successful and long-term operation of any 

manufacturing organization is conditioned its total production 

potential. If the organization wants to be able to compete, the 

customer must supply the products in the required quantity and 

quality. Toensure product quality is essential to remove errors 

respect. Their resources. In the quality management system is 

used a lot of quality management tools. One is the FMEA method, 

applied in product design but also in the process of its 

implementation.The failure modes and effects analysis (FMEA) is 

a procedure in product development and operations management 

for analysis of potential failure modes within a system for 

classification by the severity and likelihood of the failures. A 

successful FMEA activity helps a team to identify potential failure 

modes based on past experience with similar products or 

processes, enabling the team to design those failures out of the 

system with the minimum of effort and resource expenditure, 

thereby reducing development time and costs. 

 

Index Terms-FMEA, Risk, RPN, Occurrence, Servity. 

I. INTRODUCTION 

Failure Modes and Effects Analysis (FMEA) is a tool 

widely used in the automotive, aerospace, and electronics 

industries to identify, prioritize, and eliminate known 

potential failures, problems, and errors from system under 

design before the product is released. FMEA proves to be one 

of the most important early preventive actions in system, 

design, process, or service which will prevent failure and 

errors from occurring and reaching customer. FMEA’s are 

conducted in the product design or process development 

stages, although conducting an FMEA on existing products or 

processes may also yield benefits. A failure mode is defined 

as the manner in which component, sub system, system, 

process etc, could potentially fail to meet the design intent. 

FMEA used to solve problems due to manufacturing process. 

FMEA method is used to calculate RPN for each failure mode 

and then proposed recommended actions to reduce the RPN. 

The basic steps are to identify the root of the cause and 

potential problems that could occur, and then derive RPN 

which can direct improvment effort to the area of greatest 

concern. This work mainly includes application of proess 

Fmea in a manufacturing unit producing crank shaft. The case 

industry is situated in Kerala. Process FMEA is used to solve 

problems due to manufacturing process. It starts with a 

process flow chart that shows each manufacturing steps of a 

product. The potential failure modes at each work station are 

listed. Then the effect of each of failure is described in detail. 

The Quantification of the potential effects of each failure is 

done as; the severity (s) of the potential causes or Mechanism 

of failure, occurrence (o) or frequency of the failure and 

detection (d) probability of the failure. Quantification of the 

overall risk by risk priority number (RPN) is then calculated. 

The Responsible departments and corresponding actions are 

then determined. 

II. LITERATURE REVIEW 

The FMEA technique was first reported in 1920’s but it’s 

use has only been significantly documented since the early 

1960’s [9].FMEA was developed by Grumman aircraft 

cooperation in 1950 and 1960’s and it was first applied to the 

naval aircraft control system at Grumman [7].Formal 

application began in aerospace industry (mid 1960’s) and 

now widely used in automotive industry [9]. Considering the 

history related to the concept, Hovnark and Norel (in 1994) 

proposed guidelines for design work, analysis of product 

features, product design review and team-building to design 

work, tools like design for assembly (DFA) ,FMEA and 

quality function deployment (QFD) [1]. Tench and case (in 

2004) found that FMEA was a quality improvement and risk 

assessment tool [1].dong and kno (in 2009) proposed a state 

of art approach to enhance FMEA assessment capabilities 

[1].A 3D warning approach for product development risk 

management by combining graphical evaluation, review 

technique and FMEA by wu et al (in 2010) [1].  In the history 

related to the design of FMEA, Jana Kiram and Keats (in 

1995) found that it is a useful tool in design process and was 

ignored in most process [1]. Cassanelli et al (in 2006) applied 

FMEA during the design phase of an electric motor control 

system for heating/ventilation/HVAC vehicles [1].In the 

manufacturing sector, Dale and Shaw (in 1990) reported the 

findings of the questionnaire survey on the use of FMEA in 

UK motor industry [1]. Aravanitogannis and Varzakas (in 

2007) used FMEA model for the risk assessment of potato 

chips and strudel manufacturing and they also applied the 

same in corn curl manufacturing (in 2009) [1]. Oldenholf (in 

2011) explored the consistency of FMEA in the validation of 

analytic procedures, carried out by 2 different teams [1]. 

FMEA activity helps a team to identify potential failure 

modes, based on part experienced with similar products or 

process. Failure modes are any errors or defects in a process 

design or item, especially those that affect the customer and 

can be potential or actual. Effect analysis refers to studying 

the consequence of failures. The FMEA is used to analyze 
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concept in the early stages before hard ware is defined. FMEA 

analyzes potential modes, potential effects, potential causes, 

and accesses current process control and determines a risk 

priority factor. [1]FMEA is a systematic method of 

identifying and preventing system, product and process 

problems before they occur. FMEA proves to be one of the 

most important early preventive actions in system, design, 

process, or service which will prevent failure and errors from 

occurring and reaching customer. FMEA’s are conducted in 

the product design or process development stages, although 

conducting an FMEA on existing products or processes may 

also yield benefits. A failure mode is defined as the manner in 

which component, sub system, system, process etc. Could 

potentially fail to meet the design intent. [2]A failure mode 

and effect analysis is a methodology in a product development 

and operation management for analysis of potential failure 

modes with in a system for classification by the severity and 

like hood of the failure. Before starting with an FMEA, it is 

important to complete some pre-work to confirm that 

robustness and part history are included in the analysis [10] 

FMEA used to solve problems due to manufacturing process. 

Start with a process flow chart that shows each of the 

manufacturing steps of the product. A few logical but 

important thoughts come in mind: minimize the severity of the 

failure, reduces the occurrence of the failure mode, improve 

the detection [11] FMEA is powerful design tool that provides 

a means to compare, from a risk point of view, alternative 

machine system configuration. FMEA is also used for 

considering designs improvements for a technology which is 

changing or increasing in rating. FMEA is formalized but 

subjective analysis for the systematic identification of 

possible root causes and failure modes and the estimation of 

their relative risks. [8]An FMEA is an anticipating thought 

process designed to utilize as much the knowledge and 

experience of the organization as possible towards the end of 

addressing potential issues defined in new product. To 

achieve the greatest value, the FMEA should be performed 

before failure mode has been unknowingly planned in to a 

product and process. FMEA procedure should be list of 

defined actions that will either prevent the occurrence of a 

problem through a design or process change, or improve the 

chances of detection of a problem through monitoring, if it 

does occur in the future. [15]Process FMEA is used to solve 

problems due to manufacturing process. It starts with a 

process flow chart that shows each manufacturing steps of a 

product [13] FMEA is a systematic, proactive method for 

evaluating a process to identify where and how it might fail 

and to assess the relative impact of different failures, in order 

to identify the parts of the process that are most in need of 

change. [10]The FMEA process is an ongoing, bottom up 

approach typically utilized in three areas of product 

realization and use, namely design, manufacturing, 

service[14]FMEA is commonly used in a variety of industries 

for risk management where simple quantification of risk is 

insufficient, and where identification root causes risk and 

means of mitigation are paramount. Outcome of the FMEA of 

the FMEA is a list of recommendations to reduce overall risk 

to an acceptable level, and can be used as a source for 

designing a control strategy. [15]FMEA is comprehensive 

engineering technique that manufactures are able to improve 

quality, reliability, and safety of their product through 

applying technique. In particular FMEA technique is used to 

identify, define, and eliminate known and potential failures, 

problems and errors in the product, programs, system and 

service before they reach the customer. [9] FMEA method is 

used to calculate RPN for each failure mode and then 

proposed recommended actions to reduce the RPN. The basic 

steps are to identify the root of the cause and potential 

problems that could occur, and then derive RPN which can 

direct improvement effort to the area of greatest concern. 

[4]The maximum value of possible RPN is 1000 (10*10*10) 

and 100 is 10% of this amount with statistical confidence 

90%. [12]FMEA is used with in a company risk management 

program to prevent customer being subjected to unacceptable 

faults and thus to avoid customer dis satisfaction. [13] 

III. OBJECTIVE OF THE PROJECT 

Analysing the potential failure modes and their causes in 

crankshaft manufacturing process, evaluate the effect of each 

failure mode on the process, suggesting necessary measures 

for eliminating or reducing the risk. 

IV. SCOPE OF THE PROJECT 

Enhancing the productivity of a manufacturing firm by 

exploring the process Fmea. Reducing the failure occurs 

during manufacturing process and increasing the productivity 

in the firm. 

V. PROJECT METHODOLOGY 

 
Fig 1: Project methodology 
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Methodology is one of the most important elements to be 

considered to make sure the fluent of the project and get 

expected result. In other words the methodology can be 

described as framework where it contains the elements of the 

work based on the objectives and a scope of the project. A 

good framework can get the overall view of the project and 

get the data easily. This included literature study, determine 

failure mode and its effect, calculate the RPN value, take 

recommended actions.  

VI. WORK DONE 

A. Crank shaft manufacturing steps  

The figure below shows the detailed steps in the production 

of crank shaft 

 
Fig 2: Crank shaft manufacturing steps 

 

B.Application of Process FMEA in manufacturing process 

The figure below shows the FMEA flow chart 

 
Fig 3: FMEA flow chart 

Occurrence of failure in receipt of raw material 

 

 
Table 1: Occurrence of failure in receipt of raw material 

 

Occurrence of failure in raw material cutting 

 
Table 2: Occurrence of failure in raw material cutting 

 

Occurrence of failure in die setting (pre forging) 

 
Table 3: Occurrence of failure in die setting 

 

Occurrence of failure in die preheating 

 
Table 4: Occurrence of failure in die preheating 
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Occurrence of failure in cut piece heating 

 

 
Table 5: Occurrence of failure in cut piece heating 

 

Occurrence of failure in pre-forging 

 
Table 6: Occurrence of failure in pre-forging 

 

Occurrence of failure in die / tool setting (finisher) 

 
Table 7: Occurrence of failure in die / tool setting 

 

Occurrence of failure in heating of pre-forging 

 
Table 8: Occurrence of failure in heating of pre-forging 

 

Occurrence of failure in forging 

 
Table 9: Occurrence of failure in forging 

 

Occurrence of failure in trimming 

 
Table 10: Occurrence of failure in trimming 

 

Occurrence of failure in heat treatment 

 
Table 11: Occurrence of failure in heat treatment 

 

Occurrence of failure in shot blasting 

 
 

             Table 12: Occurrence of failure in shot blasting 

 

Occurrence of failure in fettling 

 
Table 13: Occurrence of failure in fettling 
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Application of FMEA in receipt of raw material 

 

Table 14: Application of FMEA in receipt of raw material 

 

Application of FMEA in raw material cutting 

 
Table 15: Application of FMEA in raw material cutting 

 

Application of FMEA in die setting (pre forging) 

 
Table 16: Application of FMEA in die setting (pre forging) 

 

Application of FMEA in cut piece heating 

      
Table 17: Application of FMEA in cut piece heating 

 

Application of FMEA in die pre-heating 

 
Table 18: Application of FMEA in die pre-heating 

 

Application of FMEA in pre-forging 

.

 

Table 19: Application of FMEA in pre-forging 

Application of FMEA in die / tool setting (finisher) 

 

Table 20: Application of FMEA in die / tool setting 

Application of FMEA in heat treatment 

 

Table 21: Application of FMEA in heat treatment 

Application of FMEA in heating of preforging 

       

Table 22: Application of FMEA in heating of preforging 
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Application of FMEA in forging 

 

Table 23: Application of FMEA in forging 

Application of FMEA in trimming 

 

Table 24: Appication of FMEA in trimming 

Application of FMEA in shot blasting 

 

Table 25: Application of FMEA in shot blasting 

Application  of FMEA in fettling 

 

Table 26: Application of FMEA in fettling 

VII. RESULT AND DISCUSSION 

The maximum value of RPN is observed for UN filling and 

mismatch during forging operation. Proper training and 

preventive maintenance can reduce these problems. The high 

values of RPN are also noted for scale-pits in forging and for 

low and high heat during cut piece heating. Usage of specified 

quality refractory materials and proper supervision can avoid 

these failures. 

VIII. FUTURE WORKS 

After the implementation of the actions, new RPN can be 

calculated and the risk reduction can be understand. 

Conducting the cost oriented FMEA (CFMEA), the overall 

cost of production can be evaluated and further reduced.  
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