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Abstract— Manufacturing problems are very crucial, need 

vigilant and immediate attention otherwise it damages to 

company‟s not only profit margins but also reputation. 

Quality Management includes quality assurance and control. 

It is an important technique to maintain and continuously 

improve quality of the product. Out of many techniques 

used to improve quality, reduce rejection, Ishikawa diagram 

is very well known and widely used. Ishikawa diagram is 

very useful to identify the probable causes of error or 

problem from different perspective. Our research is in chain 

link manufacturing, the Ishikawa diagram is used to identify 

various root causes for chain link rejection due to ovality 

problem. After detailed study of chain link manufacturing 

process and data gathering for many problems which causes 

rejections, first problem chosen to ovality problem and scrap 

of product, because it contributed heavily around 7% to 8% 

of total production. The root causes identified as outcome of 

Ishikawa diagrams implies that many causes behind 

rejections. To reduce the rejection related to chain link, 

identified causes have to priorities and attended. [1,2]. 
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I. INTRODUCTION 

Ishikawa diagrams also known as fishbone or cause & effect 

diagram, was invented by Kaoru Ishikawa in the 1960s, who 

has pioneered quality management processes. The design of 

the diagram is similar to the skeleton of a fish. The 

representation can be simple, through bevel line segments 

which lean on a horizontal axis. The root causes and sub-

causes which produce the problem or defect are represented 

in that respective heads. The causes of problem or 

imperfection can be grouped into categories like Man 

(People), Machine, Material, Method and environment, 

represented in diagram as shown in fig.1. Sometimes these 

can be grouped into other two categories as well such as 

management and measurements but that depends on the 

purpose of use. 

 
Fig. 1: Layout of Ishikawa Diagram 

Brainstorming is a technique used to elicit a large 

number of ideas from a team using its collective power. It 

normally takes place in a structured session involving 

between three to twelve people, with five to six people being 

the optimal group size. The team leader keeps the team 

member focused, prevents distractions, keeps ideas flowing, 

and records the outputs (or make sure that team members 

record their own outputs). The brainstorming session should 

be a closed-door meeting to prevent distractions. Seating 

should be arranged in a U-shape or circle to promote the 

flow of ideas among group members [8] 

The Ishikawa diagram method becomes more 

powerful tool when it is used with brainstorming and cross 

functional team, which helps to identify causes of problem 

with different point of view. All root causes identified, then 

to be listed and consensus will finalize. Sometimes other 

tool like FMEA or Pareto may be used to priorities the 

various causes identified. The ultimate the product aim of 

the tool is to improvement. The Ishikawa diagram is such 

global tool and used in various industry segments like 

manufacturing, marketing, research, service, etc. [3, 4] 

II. IMPORTANCE OF ALTERNATIVE TOOL CHANGER CHAIN 

LINK 

A. What is ATC: 

An Alternative tool changer or ATC is used in computerized 

numerical control (CNC) machine tool to improve the 

production and tool carrying capacity of the machine. ATC 

changes the tool very quickly, reducing the non-productive 

time. Generally, it is used to improve the capacity of the 

machine to work with a numbers of tools. It is also used to 

change worn out or broken tools. It is one more step towards 

complete automation. 

B. Functions of ATC: 

 
Fig. 2: Chain Type Tool Changer 
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The use of ATC increases the productive time and reduces 

the unproductive time to a large extent. It provides the 

storage of the tools which are returned automatically to the 

machine tool after carrying out the required operations, 

increases the flexibility of the machine tool. Makes it easier 

to change heavy and large tools, and permits the automatic 

renewal of cutting edges.  

After studying different assembly and 

manufacturing processes in alternative tool changer chain 

link manufacturing unit, it has been observed that many 

manufacturing issues contribute to the rejection online or 

final manufacturing of ATC Chain link is having problems 

related to rejection of product. 

 
Fig .2 chain link used in CNC machine 

The CNC alternative tool changer chain link is 

exceptionally as it not only changer the tool, but also other 

systems for running the as per programmed and the working 

of as required of the customer‟s requirements. The shown 

systems within the CNC such as changing the tool, the next 

pocket. If the alternative tool changer chain link is main 

function of the tool changer pocket having all the above 

systems (as well as several other systems under the CNC 

machine) at the same time CNC machine system is trapped 

within the systems are not running effectively. The CNC 

machine in fig.2 Alternative tool changer chain link is one 

of the most important of tool changer chain in the CNC 

machine [5] 

III. DATA ANALYSIS OF ALTERNATIVE TOOL CHANGER 

CHAIN LINK – REJECTION 

A. Root Causes Analysis: 

Root Cause Analysis is a method that is used to address a 

problem or non-conformance, in order to get to the ―root 

cause of the problem. It is used to correct or eliminate the 

cause, and prevent the problem from recurring. Or, in other 

words for a particular product problem, Root Cause is the 

factor that, when you fix it, the problem goes away and 

doesn„t come back. 

B. Need for Root Cause Analysis: 

 Why the incident, failure 

 How future failures can be eliminated 

 Changes to procedures 

 Changes to operation 

 Training of staff 

 Design modifications 

 And reinstallation is performed to acceptance 

Verification that new or rebuilt equipment is free of 

defects which may shorten life: a. Repair standards. 

b. Identification of any factors adversely affecting service 

life and implementation of mitigating actions.  

C. Tools of Root Cause Analysis: 

1) Fish bone diagram also called as Cause and Effect 

Diagram:  

Fishbone analysis is an example of root cause analysis 

specifically, it„s a type of cause and effect diagram which 

helps you to think through causes of a problem thoroughly. 

Their major benefit is that they push you to consider all 

possible causes of the problem, rather than just the ones that 

are most obvious. This approach works on two principles: 

a) The true problem must be understood before action 

is taken. 

b) Problems are often masked for a variety of reasons 

Causes are usually grouped into major Used to evaluate its 

quality. 

 Environment: The conditions, such as location, 

time categories to identify these sources of 

variation. The categories typically include: 

 People: Anyone involved with the process. 

 Methods: How the process is performed and the 

specific requirements for doing it, such as policies, 

procedures, rules, regulations and laws. 

 Machines: Any equipment, computers, tools, etc. 

required to accomplish the job. 

 Materials: Raw materials, parts, pens, paper, etc. 

used to produce the final product. 

 Measurements: Data generated from the process 

that are, temperature, and culture in which the 

process operates.[7] 

During the study and analysis of chain link manufacturing 

on floor, the various data has been collected related to 

rejection. The process has been monitored for four months 

and data for four month is collected in check sheet, namely 

“Daily Rejection Report”. The daily rejection report is the 

outcome of the in process quality inspection, where daily 

inspection data are consolidated to monitor the different 

rejections. Common problems observed during four months 

along with percentage rejection. it is quite clear that problem 

of ovality as well as rejection, is in good amount and needs 

immediate attention. Other problems are also important but 

its contribution is less to overall rejection. Also graphical 

comparison of various problems for four months is 

presented in Fig.3 Rejection Analysis Graph show the 

rejection analysis, comparison of ovality rejection on 

monthly basis. The rejection pattern is directly proportional 

to the number of parts produced in month, in fact no trends 

is followed. The table total rejection of product is firstly 

ovality is a total ovail of the product second is a damages is 

a all breakable the part and third one is the machining 

rejection, casting rejection. Rejection remains between goes 

not increase or decrease with time. & remains between 7 % 

to 8 %. 

Month 
Ovality 

problem 
Damages 

Problems in 

preprocessing 
total 

15- 6.16% 2.07% 0.70%  
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APRIL 8.93% 

15-

MAY 
5.10% 3.10% 0.82% 9.02% 

15-

JUNE 
5.15% 2.09% 0.90% 8.14% 

15-

JULY 
4.08% 3.70% 0.70% 8.48% 

15-

AUG 
3.10% 2.02% 0.45% 5.57% 

Table 1: Overall Rejection Data 

 

 
Fig. 3: Rejection Analysis Graph 

D. Problem Analysis through Ishikawa Diagram  

The ovality problem had been area of concern along with 

others mentioned above. To identify the root causes of 

ovality problem and to come to the accurate conclusion, 

systematic approach of Ishikawa diagram technique has 

been implemented. The different root causes are described 

in by Ishikawa diagram for ovality problem. The fig.5 

shows. The causes are identified in relations to People, 

Machine, Material, Methods (Procedures) and Environment 

factors. The various reasons which can be contribute. 

Each causes itself must be a desirable or 

undesirable impact characterized by its effect produced so a 

special attention also given to material related cause, 

material handling problem etc. Most of the times improper 

operating method of assembly line also lead to ovality 

problem. Following root causes have been identified by 

Ishikawa diagram. The causes and their contribution to the 

problem are also calculated based on the experience and 

product knowledge. to the problem of ovality are unskilled 

labor, lack of training, attitude towards working can effect 

overall quality of work from manpower resource, there are 

also significant impact on machine power by improper 

clamping, wear due to non-lubrication, reduction in 

efficiency due to depreciation etc.[6] The fig.4 shows cp-

cpk charts shows that the tolerances are in controllable 

limits and process capability is in safe zone.  

 

 

 
Fig. 4: Cp-Cpk chart 

 
Fig. 5: Ishikawa Diagram 
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No Causes Sub causes Performance 

1 Man Skilled Good 

  Attitude Good 

  Training Good 

  experience Medium 

2 Machine Maintenance Good 

  Lubrication Good 

  Working efficiency Good 

3 Material 
Properties of 

materials 
Good 

  
Specification of 

material 
Good 

4 Method 
Use of improper oil 

tooling problem. 
Low 

  
Tooling problem 

 

5 Environment 
Workplace 

management 
Good 

Table 2: Prioritization of Root causes of ovality problem 

IV. CONCLUSION 

From the above application of Ishikawa diagram in the 

company with the help of available resources, many causes 

are contributing to the ovality problem. Ishikawa tool is very 

useful to the management for taking proper decision to solve 

the problem. Even focus on the causes related to machine 

needs to be strengthened, as it contribution to the problem is 

very critical. From the current analysis of ovality problem, it 

seems major issues with the method some of problem. 

However further technical methods may be applied to 

priorities the each causes which helps to solve the problem 

properly. The tools and techniques like Failure Mode Effect 

Analysis or Pareto Analysis, etc may be used to priorities. 

Prioritization must be followed by identification of solution 

and implementation of the same to reduce problem from 

manufacturing. 
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