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Abstract: Root-cause identification for quality and productivity related problems are key issues for 
manufacturing processes. It has been a very challenging engineering problem particularly in a multistage 
manufacturing, where maximum number of processes and activities are performed. However, it may also 
be implemented with ease in each and every individual set up and activities in any manufacturing 
process. In this paper, root-cause identification methodology has been adopted to eliminate the 
dimensional defects in cutting operation in CNC oxy flame cutting machine and a rejection has been 
reduced from 11.87% to 1.92% on an average. A detailed experimental study has illustrated the 
effectiveness of the proposed methodology. 
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1. INTRODUCTION 
 

In Root Cause Analysis (RCA) is the process of identifying causal factors using a structured approach with 
techniques designed to provide a focus for identifying and resolving problems. Tools that assist groups or 
individuals in identifying the root causes of problems are known as root cause analysis tools. Every equipment 
failure happens for a number of reasons. There is a definite progression of actions and consequences that lead to 
a failure. 
An RCA investigation traces the cause and effect trail from the end failure back to the root cause. It is much like 
a detective solving a crime.  
To meet up the high changing market demands along with high quality at comparable prices, one shall have to 
identify quickly the root causes of quality related problems by reviewing an event, with the goals of determining 
what has happened, why it has happened and what can be done to reduce the likelihood of recurrence. 
 

2. OBJECTIVE AND OUTLINE OF THE STUDY 
 

There are varieties of problems related to product quality and productivity in industries due to varying degrees 
of abnormality and inefficiency which ultimately causes rejection. Root-cause identification for quality-related 
problems is a key and necessary step in the operations of manufacturing processes, especially in high throughput 
automated processes.  
This is predominantly true for the multistage manufacturing processes, which is defined as a process that 
produces the products under multiple setups. The quality information flow of the product in a multistage 
manufacturing system and the interaction between the process faults and the product quality characteristics are 
very complicated. In multistage process, the identification of process root cause is also not simple. It has been 
observed that the implementation of Root Cause Analysis in a particular single individual setup has simplified 
the problem.  
A case study was done for an industry which was in doldrums condition. The abrupt shutdowns and breakdowns 
(5.19% of annual sales), frequent customer complaints (367pa), line balancing delay (27%), material scarcity or 
unavailability of matching material (58 days pa), rejection (3.03% of sales) and various other key success 
factors were not up to the mark. Therefore, the Root Cause Analysis was undertaken to improve the plant 
situation. But, the study was confined to the CNC Oxy Flame Cutting Machine. In this paper, the identification 
of the problem has been simplified taking into consideration a particular stage of manufacturing. It has been 
observed that RCA can also be implemented in each and every individual set up of manufacturing to improve 
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product quality and productivity. 
 

3. LITERATURE REVIEW 
Wilson et al. (1993) have defined the Root Cause Analysis as an analytic tool that can be used to perform a 
comprehensive, system-based review of critical incidents. It includes the identification of the root and 
contributory factors, determination of risk reduction strategies, and development of action plans along with 
measurement strategies to evaluate the effectiveness of the plans.  
 
Canadian Root Cause Analysis Framework (2005) says that root cause analysis is an important component of a 
thorough understanding of “what happened”. The team begins by reviewing an “initial understanding” of the 
event and identifying unanswered questions and information gaps. The information-gathering process includes 
interviews with staff, who were directly and indirectly involved, examination of the physical environment where 
the event and other relevant processes took place, and observation of usual work processes. This information is 
synthesized into a “final understanding”, which is then used by the team to begin the “why” portion of the 
analysis. 
Likewise, Fredendall et al. (2002) have also compared the CED and the CRT using previously published 
examples of their separate effectiveness. While Pasquarella et al. (1997) compared CED, ID and CRT  on 
Equipment/Material Problem, Procedure Problem, Personnel Error, Design Problem, Training Deficiency, 
Management Problem and External Phenomena using a one-group post-test design with qualitative responses.   
There is little published research that quantitatively measures and compares the Why Why Analysis, Multi Vari 
Analysis, Cause-and-Effect Diagram (CED), the Interrelationship Diagram (ID), and the Current Reality Tree 
(CRT).   
Geno (2007) has presented some insight into the comparison of common root cause analysis tools and methods. 
He indicates that there are some comparative differences between tool and method of a RCA. He has added that 
tools are included along with methods because tools are often touted and used as a fullblown root cause analysis. 
 

4. BASIC TERMINOLOGIES IN ROOT CAUSE ANALYSIS 
 

FACILITY:  Facility may be defined as any equipment, structure, system, process, or activity that fulfills a 
specific purpose. Some of the examples include production or processing plants, accelerators, storage areas, 
fusion research devices, nuclear reactors, coal conversion plants, magneto hydrodynamics experiments, 
windmills, radioactive waste, and disposal systems.  
 
CONDITION: It may be defined as a state, whether or not resulting from an event that may have adverse 
safety, health, quality assurance, security. 
 
ROOT CAUSE: The cause that, if corrected, would prevent recurrence of this and similar occurrences. The root 
cause does not apply to this occurrence only, but has generic implications to a broad group of possible 
occurrences, and it is the most fundamental aspect of the cause that can logically be identified and corrected. 
 
CAUSAL FACTOR: A condition or an event that results in an effect (anything that shapes or influences the 
outcome). In the context of DOE there are seven major causal factor categories. These major categories are:   

 Equipment/Material Problem  
 Procedure Problem  
 Personnel Error  
 Design Problem  
 Training Deficiency  
 Management Problem 

 
5. ROOT CAUSE ANALYSIS TOOLS AND TECHNIQUES 

Many Root Cause Analysis Tools have emerged from the literature as generic standards for identifying root 
causes. They are the Cause-and-Effect Diagram (CED), the Interrelationship Diagram (ID), and the Current 
Reality Tree (CRT), Why Why Analysis, Multi Vari Analysis. 
 

5.1 CAUSES-AND-EFFECT DIAGRAM (CED) 
This diagram, also called Ishikawa or Fishbone Diagram, is used to associate multiple possible causes with a 
single effect. The diagram is constructed to identify and organize the possible causes for a particular single 
effect. 

5.2 INTERRELATIONSHIP DIAGRAM (ID) 
Mizuno supported the ID as a tool to quantify the relationships between factors and thereby classify potential 
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causal issues or drivers. The interrelationships among the operations are shown as ‘in and out’ in each stages of 
operation. 

5.3 CURRENT REALITY TREE (CRT) 
Current Reality Tree is a tool to find logical interdependent chains of relationships between undesirable effects 
leading to the identification of the core cause. 
 

5.4 WHY WHY ANALYSIS 
An important component of root cause analysis is a thorough understanding of “what happened”. The team 
begins by reviewing an “initial understanding” of the event and identifying unanswered questions. 
 

5.5 MULTI VARI ANALYSIS 
It is the tool of finding root causes and its relationship with Cyclic Error, Temporal Error and Positional Error. 
The basic data required for Multi Vari Analysis are the following:   

 Number of day’s sample data is taken   
 Number of shifts per day   
 Number of hours in a shift that sample data is taken   
 Number of units in an hour that sample data is taken from 

 
6. DIFFERENCE BETWEEN RCA TOOLS AND TECHNIQUES AND RCA METHODS 

  
To differentiate Root Cause Analysis Tools and Root Cause Analysis Methods, a standard is needed to which 
they could be compared. 
To provide this assurance an effective process should meet the following six criteria  

 Clearly defines the problem and its significance to the problem owners. 
 Clearly delineates the known casual relationships that combined to cause the problem.  
 Clearly establishes causal relationships between the root causes and the defined problem  
 Clearly presents the evidence used to support the existence of identified causes.  
 Clearly explains how the solutions will prevent recurrence of the defined problem.  
 Clearly documents criteria 1 through 5 in final RCA report so others can easily follow the logic of the 

analysis 
 

Comparative differences of selected RCA Tools and RCA Methods have been shown in the Table 1 
 

 
 

Tool / Method 

 
 

Type 

 
Defines 
Problem 

Defines 
all causal 
relation- 

ships 

Provides 
a causal 
path to 

root 
causes 

 
Delineates 
evidence 

Explains 
how 

solutions 
prevent 

recurrence 

 
Easy to 
follow 
report 

Causes-and-Effect 
Diagram Tool Yes Limited No No No No 

Interrelationship 
Diagram Tool Yes No No No No No 

Current Reality 
Tree Tool Yes No Limited No Limited No 

Why Why Analysis Tool Yes No Yes No No No 
Multi Vari Analysis Tool Limited Limited Yes No No Yes 
Events and Causal 
Factor Analysis 

Method Yes Limited No No No No 

Change Analysis Method Yes No No No No No 
Barrier Analysis Method Yes No No No No No 
Management 
Oversight and Risk 
Tree Analysis 

 
Method 

 
Yes 

 
Yes 

 
Yes 

 
No 

 
Limited 

 
Yes 

Human 
Performance 
Evaluation 

 
Method 

 
Yes 

 
Yes 

 
Yes 

 
No 

 
Limited 

 
Yes 

Kepner – Tregoe 
Problem Solving 
and Decision 
Making 

 
Method 

 
Yes 

 
Yes 

 
Yes 

 
No 

 
Limited 

 
Yes 

 
7. ROOT CAUSE ANALYSIS (RCA) PROCESS 

 
The RCA method brings a team of, usually 3 to 6 or as demanded, knowledgeable people together to investigate 
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Poor Quality 

and 

Productivity 

the failure using evidence left behind from the fault. The team brainstorms to find as many causes of the fault as 
possible. 
Relevant literature and practice standards are considered in formulating recommendations and actions. To make 
it understand the significance of such a system enhancement, it has been provided an analogous example from 
the automotive industry considering the steps for successful root cause analysis as given below. 
 

8. THE PROBLEM AT CUTTING TORCH 
All kinds of cutting were done through Dissolved Acetylene and Oxygen. Gas is supplied to the machine by 
longitudinal hoses. The cutting quality depends on the accurate selection of gases and accurate positioning of 
cutting torch. 
The clutch on the top of the box prevented the lifting shaft from being bent. It was interesting to note that, the 
mounting of the cast aluminum box was not proper. Apart from the above timely cleaning of nozzle was not a 
regular practice.  
 

 
9. CORRECTIVE AND PREVENTIVE ACTIONS TAKEN AFTER THE ANALYSIS 

Training has been arranged on CNC Oxy Flame Cutting Machine, by the company for the in-charges and the 
operators on our recommendation. 
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Figure 1. “Types of training to in-charges and operators”. 

 
10. CONCLUSIONS 

 
The conventional Root Cause Analysis Tools and Methods provide some structure to the process of human 
event problem solving. This empirical study shows as to how they can be used and how it can be communicated 
to others with full appreciation. How the solutions will prevent the problem from recurring. Thus, it is the only 
process which allows all stakeholders to have a clear idea and the reality to promote its effective solution all the 
time. The Root Cause Tools and Methods could be utilized according to prevalent conditions and situations of 
Man, Material, Machines, Systems and Processes.  
 
In the framework of this study, the following conclusions can be drawn  
 

 It has been observed that the percentage increase in value adding is + 20.00 %, whereas, percentage 
reduction in non-value adding is –25.00 % after implementation of root cause analysis of dump lever.  

 
 It has been observed that the percentage increase in value adding is + 16.13 %, whereas, percentage 

reduction in non-value adding is –46.30 % after implementation of root cause analysis of pivot frame.  
 

 The rejection has reduced from 11.87% to 1.92% on an average due to attaining the skill within a very 
short time after implementation of proper maintenance schedule and giving training to the operators 
and maintenance persons.  

 
 It has been observed that after application of Root Cause Analysis, the product quality and productivity 

of the plant has improved. The plant has now fixed a very high target, from 250 T per month to 450 T 
per month, which may not be possible in the prevailing situation. The company will have to achieve the 
capacity utilization or run factor of 77% instead of earlier stated value of 55 to 65 % for it. 
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