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Lean Manufacturing The shifting business between international and local private and public
Root Cause Analysis sectors, Malaysia's automobile industry has experienced economic
Ishikawa diagram growth. An additional development could be suggested and put into place
Industrial engineering to lessen the non-added values. For instance, flaws in the painting process
Painting are an issue for many makers of car parts. The most common ones are

watermarking, blistering, solvent boil, chalking, wrinkling, spray dust,
and dust contamination. Significant quality control tools including the
Pareto diagram, check sheet, histogram, and cause-and-effect diagram are
used to gather information and conduct analyses in order to remove flaws
from the painting process. The competitiveness of the businesses may be
significantly harmed by painting quality problems in the automotive
sector. According to this viewpoint, in order to prevent difficulties in the
future, corrective and preventive measures must be put in place in
addition to identifying the root of the issue. The purpose of this study is to
address the issue of defects in the painting process by adopting Root
Cause Analysis (RCA) in lean manufacturing. The results of RCA and
Pareto analysis indicate that the first two causes account for 86.5% of all
problems. According to the 80:20 rule, just 20% of the causes are
responsible for the majority (80%) of the issues. In conclusion, Lean
manufacturing must therefore be used in order to assist and advance
Malaysia's automotive industry's efforts to improve product quality.

Received 25 September 2023; Revised 5 October 2023; Accepted 24 October 2023; Published 31 October 2023.

© University College TATI (UC TATI). All rights reserved. 128


https://tatiuc.edu.my/ijset/index.php/ijset/

International Journal of Synergy in Engineering and Technology Vol.4 No.2 (2023) 128-138

1.0 INTRODUCTION

One of the disciplines that works to improve processes, save the organisation money, and
maintain competitiveness is industrial engineering. Analysing tasks or processes to boost
productivity and quality is one of the key activities in industrial engineering [[2], [3]]. It is well
accepted that using effective problem-solving methods and high-quality tools and approaches
together is necessary to comprehend any process and enable improvement [[1], [3], [31], [32]]

Wastes are anything that adds no further value to the process. There are two main categories of
waste: hidden waste and obvious waste. Hidden is necessary under the current operating
procedures, such as excessive overtime and surplus labour, can be reduced or even eliminated by
upgrading the procedures. While obvious waste, such as flaws, delays, excess manufacturing,
transportation, inventory, complexity, and untapped innovation, is simple to spot [[1], [33]]. These
wastes will raise the price, degrade the quality, and prevent conformance with client requirements.
The typical rejection and rework rate should be between 3% and 5% [2].

If the cost is higher, the company's efficiency will suffer because they will only generate a
smaller profit. One of the frequent factors driving up costs in the automobile sector is waste. Waste
that adds no value merely creates more effort. Therefore, it is necessary to get rid of the garbage. A
change must be made to raise process quality while lowering production costs in order to achieve
this. Industrial engineering is an appropriate profession to use industrial engineering methods to
increase quality and reduce costs [[1], [34], [35]]-

The value of lean manufacturing has been the subject of some research, particularly the
challenges it presents. Value stream mapping, overprocessing, and inventory problems have all
been thoroughly examined [[1], [2], [4], [5], [6], [7]]. However, there aren't many studies that
concentrate on the most frequent issues with flawlessly created car parts, particularly during the
painting process. This necessitates making certain changes to the painting procedure. Stabiliser bars
are manufactured using nine fundamental procedures in the automotive components business. The
bending stage of the process is when it all begins. Figure 1 depicts these fundamental steps in the
process. Only the painting procedure will be examined in this study. The company will choose
whether to execute the change or not due to cost and time constraints. Some improvements will be
suggested to address the defect problem.

Bending —"\| Stamping [—'\| Blastfurnace —"| Tempering I: Cooling

'| Painting ::' Shot Penning ‘— Cold Setting ‘— Quenching

)

Figure 1: Basic step in manufacturing stabilizer bar

Lean manufacturing and root cause analysis (RCA) are tools used to pinpoint issues and
determine their reasons. By combining these techniques, a complete approach to problem solving
may be offered, one that includes both problem identification and the recommendation of
appropriate solutions in the automotive industry.
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1.1 Lean Manufacturing

Lean manufacturing uses the perspective of the consumer to describe the value of a product or
service. Customers do not care how much labour or technology was utilised to produce the good or
service that is for sale [4]. How well something will meet their needs will be used by customers to
evaluate the goods or services. Customers do not have to pay for the high overhead costs associated
with the facility or for the quality flaws that were eliminated from the production lines [[3], [5],
[29]]. With the product or service that is offered, customers will pay for the fulfilment of the
requirements [4, 13].

According to the Lean Manufacturing principle, high-quality products should be less expensive
to produce because doing so will result in lower costs than producing low-quality products [[2], [4],
[7]1]- This is because higher costs are associated with maintaining quality controls, rejecting parts,
and replacing damaged products.

Today's markets, however, distinguish between the higher grade products and the lesser quality
ones. The production process does not incorporate quality. Among products of ordinary or poor
quality, quality products are preferred. It follows that the value will be defined differently by
customers than by the manufacturer. How much the product or service is worth to the maker does
not really matter. According to lean manufacturing, it is crucial to understand exactly what
constitutes a waste [[2], [8], [30]].

Anything that does not add value to the finished product is referred to as a waste in lean
manufacturing. It is entirely reasonable to define waste in this way if the client recognises the value
in the finished product. Wastes that can be prevented exist. First, identify the waste and classify it as
preventable or unavoidable. Next, following the fundamentals of lean manufacturing, try to
eliminate the waste rather than just reduce it [[3][, [5], [28]]-

The meanings of these two words are significantly dissimilar. There are varied quantities of
wastes in the system when wastes are minimised. However, eliminating waste from the system is a
key lean manufacturing principle [[2], [4], [7], [11], [12], [16], [17], [27]]- Solutions for lean
manufacturing are frequently quite straightforward and very efficient. People that can think
differently or creatively are needed for this type of problem-solving since creative thinking has the
power to entirely alter the reality.

Every action, according to lean manufacturing, is connected to the system as a whole.
Improvement in one activity will therefore boost the system as a whole. So every time, the process
of identifying waste and its precise sources, conducting research and studies to eliminate the waste,
and putting lean into practise would rotate. Up until there are wastes that need to be eliminated,
this process will continue [[2], [6], [14], [15], [18], [25], [26]]-

The purpose of this study is to apply lean manufacturing by identifying potential causes and
evaluating potential remedies for the primary issue in the painting process. The appropriate
company will be contacted for any pertinent information. The Root Cause Analysis (RCA) must then
be used to examine and analyse the data.

2.0 METHODOLOGY

The problem identification methodology uses a variety of types and techniques. The approaches
include giving questionnaires, observing the current procedure, and researching corporate records.
Through the painting production line, led by the designated line leader, observations of the ongoing
process have been made. The finding that occurs while the product continues to function without
pausing the operation. The most common problems in painting process are watermarking,
blistering, solvent boil, chalking, wrinkling, spray dust, and dust contamination. This is being done
to see if there's any chance that a production issue might arise. Additionally, the maintenance,
quality, and manufacturing departments have each received a questionnaire. This is an investigation
on the common issues.

The machine, material, method, manpower, and fault will be the primary factors that will be
examined in this project. The company's paperwork has been evaluated in order to learn more
about the present state of the business and to identify the major issues that might have an impact on
how well the company performs. Problem identification must be done early on if the problem is to
be solved. This is crucial so that suggestions can be made to enhance the current production process
and boost business productivity [[22], [23], [24], [36]]. The deficiencies in the finished goods are
one of the primary issues that have an impact on the firm's performance, according to the
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observation, questionnaire, and documentation study that was conducted on the company. Five
categories namely machine, material, technique, workforce, and defect are used to categorise the
issue.

These are the areas where issues could arise and where large prices are present. This flaw might
have an impact on both the production lines' effectiveness and the quality of the stabiliser bar itself.
Due to the high incidence of rejection and rework, the defect problem could raise the cost. Typically,
difficulties with the raw material are vendor-related. According to the data gathered, there could be
a wide range of factors for the high cost.

2.1 Root Cause Analysis

Industrial engineering, which focuses on the analysis and design of work, is necessary to
increase productivity and performance. The goal of industrial engineering is to use industrial
engineering tools to increase productivity and quality in order to assist the organisation perform
better and save money [2, 5]. Companies have used a variety of techniques to raise their quality over
time.

The Root Cause Analysis (RCA) is a common methodology that is straightforward and simple to
apply. RCA is a technique for solving problems that seeks to pinpoint the root causes of an issue.
There are seven problems with the painting's defects were studied. The most common ones include
dust contamination, chalking, wrinkling, solvent boil, blistering, and spray dust. While irregular
coating thickness, contaminants, and issues with oven temperature are additional factors that lead
to these seven flaws. The goal of RCA is to locate the probable source of an issue utilising a set of
steps and techniques in order to provide answers to questions regarding the what, why, and how of
problems as well as what can be done to lessen the risk that they will occur again. In RCA, there are
often five specific phases [[9], [10], [19], [20], [21]].

Phase 1: Defining Step

In this stage, the issue is identified. Typically, the problem occurs before it can be defined. Based
on the initial assessment of the issue, the question must be addressed. What do you see happening,
exactly, could be the problem. While the query of what specific symptoms there are could provide a
basic sense of the causes of the issue.

Phase 2: Data Collection

The next step is to gather data gathering. This is due to the fact that the existence of the issue
must be established. It is also necessary to determine how long the issue has existed and what effect
it is having. The data gathering process may provide the solution to the second RCA step's inquiry.
Additionally, by gathering data, the RCA might be used to examine the same scenario from a variety
of angles, maximising its usefulness.

Phase 3: Identify the Possible Factors

The most number of potential causes must be determined at this stage. These processes might
be aided by asking questions such what series of events results in the problem, what circumstances
permit the problem to occur, and what secondary problems surround the main problem.

Phase 4: Identify The Root Causes

Finding the core causes can aid in determining why the casual element exists and what the true
cause of the issue was.
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Phase 5 Recommend and Implement Solutions

After thoroughly examining the fundamental problem, a solution ought to be suggested and put
into practise. It is possible to determine which systems require adjustments. To plan the action
taken, it is important to find out the answers to questions such what can be done to stop the
problem from happening again, how the solution will be implemented, who will be responsible for
it, and what risks there are in doing so.

3.0 RESULTS AND DISCUSSION

The flaws in the painting process are displayed in Table 1. There are seven issues with how the
painting was done. Watermarking, blistering, solvent boil, chalking, wrinkling, spray dust, and dust
contamination are the most typical. Each of these flaws could aggravate the quality issue. In order to
analyse the highly common problem and the likelihood that it will occur again, a collection of data
was gathered. The Pareto chart in Figure 2 is used to analyse the data in the manner described
below. According to Table 1, which is based on the Pareto chart, the first two causes account for
86.5% of all defects. Following the 80:20 rule means that just a tiny portion (20%) of the causes are
responsible for the majority (80%) of the problems.

The faults in the painting process are discovered to be caused by seven issues. According to our
analysis, contaminants, uneven coating thickness, and an oven temperature issue are the primary
sources of issues. The Ishikawa diagram has been used to depict all contributing components and
their link to the result in order to determine the causes and effects of each problem. Finally, a
number of factors will be found to be the primary causes of the issue.

Defect in Painting Process
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Figure 2: Problems contributed to defects
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Table 1: Analysis of defects in painting process

Cumulative Percentage

Cutoff: 80%
Defects Defects % Cumulative %
Water marking 75 75.0
Wrinkling 11.5 86.5
Blistering 8 94.5
Spray dust 2.5 97.0
Dust Contimination 2 99.0
Solvent boil 0.5 99.5
chalking 0.5 100.0

3.1 Oven temperature problems

They recently discovered an issue with the oven's temperature. The temperature board or clock
takes a while to beep and achieve the preset. Sometimes, the burners are not operated precisely.
Therefore, the Ishikawa diagram has been used to brainstorm all the causes in Fig. 3 and the five
why analysis is displayed in Table 2 in order to discover the reasons of the problem. The method is
by far the most frequent cause of the oven temperature issue, according to the interview and
process observation. The 5 Why analysis have been used to identify the causes.

METHOD

Inconsistence
heating
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Lack of training

Undisplined operators ‘

operated

Burner is not well

Inconsistent

Lack of focus

F‘I OWVEN TEMPERATURE PROBLEM

Gas regulator clogged I

‘ Mot suitable insulation

| Temperate sensor

Corrosion

Hose leaking
MCB spoilt

MACHINE

Electricity trip

MATERIAL

Figure 3: Oven Temperature problem
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Table 2: Why of oven temperature problems

5 WHY Description

WHY 1 Burner is not working properly
WHY 2 Filter clogged

WHY 3 Nozzle flame burner clogged
WHY 4

Gas regulator clogged

This occurs when anything has an impure quality or state, particularly when it is contaminated
or polluted. Due to inconsistent management of the material, it typically happens during the
process. Lack of knowledge on the use of lint-free dungarees and clothing is another issue.
Additionally, the booth must be subject to routine maintenance, including filter changes. In addition,
it is important to make sure that polishing or finishing areas are set apart from the paint shop by
filtered and ventilated systems. The Ishikawa diagram of impurities is shown in Figure 4. 5 Why are
evaluated in Table 3. The method and material are by far the most frequent causes of the conveyor
issue, according to the interview and process observation. Below is an example of a 5 Why analysis
used to identify the causes.
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Figure 4: Impurities problem

© University College TATI (UC TATI). All rights reserved.

134



International Journal of Synergy in Engineering and Technology Vol.4 No.2 (2023) 128-138
Table 3: Why of impurities problem

5 WHY Description

WHY 1 Did not use leaather/rubber gloves

WHY 2 Pre-treatment shower did not properly cleaned
the product

WHY 3 Nozzle shower clogged

WHY 4 Low specification of chemical from pre-treatment

3.2 Uneven coating thickness

An essential element of product quality, process control, and cost management is coating
thickness. Uneven coating thickness can result from a variety of factors, including poor surface
preparation, poor coating selection, poor application, inappropriate drying, improper curing and
overcoating durations, and mechanical damage. The Ishikawa diagram in Figure 5 and the five
reasons analysis in Table 4 both illustrate the reasons for uneven coating thickness problems.

METHOD
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Figure 5: Uneven coating thickness problem

Table 4: Why of uneven coating thickness analysis

5 WHY Description

WHY 1 Low air pressure of the nozzle

WHY 2 Operator did not following the standard operation
procedure (SOP)

WHY 3 Power gun or injector clogged
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4.0 CONCLUSIONS

Due to Malaysia's automotive industry's rapid development, an automobile parts manufacturer
was chosen for this study. This study involved the application of painting to the creation of
automotive parts. Five categories: machine, technique, man, material, and defect are in which issues
may arise. The contaminants, uneven coating thickness, and an oven temperature issue are the
primary sources of issues due to the most prevalent issue mentioned in the survey, multiple
defective issues have been detected in this situation. Based on the results of RCA and Pareto
analysis, the first two causes account for 86.5% of all defects. According to the 80:20 rule, the bulk
(80%) of the issues are caused by a small percentage (20%) of the causes. It is found that there are
seven problems that lead to the painting process's flaws. Based on the investigation, the primary
factors contributing to painting problems are impurities, uneven coating thickness, and oven
temperature. Due to this, all pertinent data was gathered and put through Root Cause Analysis
(RCA), Pareto analysis, and other high-quality techniques of analysis to pinpoint remedial measures
that could boost business productivity and aid in waste reduction. In general, it must be obvious
that any non-conformities must be resolved gradually and methodically, using the right instruments
or a mix of approaches, in order to ensure that the non-conformity is recognised and that the
necessary steps are done to prevent occurrence. In the future, managers will be able to use a
scientific approach to quality assurance and the creation of high-quality goods at affordable prices
provided proper procedures and techniques are applied for monitoring and quality control during
the painting process.
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