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Reduction of Visual Defects Dented in Valve Seat Products Using the
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PT. XYZ is one of the manufacturing companies that produces precision spare parts for automotive and electronic
components. One of the automotive component spare parts is the Valve Seat. In the production process, there are NG
(Not Good) valve seat products that are delivered to customers, resulting in frequent customer claims. This research
aims to describe and analyze work process improvements so that quality can be maintained using the Seven Tools
Method and to identify the factors causing the delivery of non-conforming products. Furthermore, the Failure Mode
and Effect Analysis method is used to identify the highest failure risks, followed by kaizen implementation. Based on
these results, an analysis of work process improvements is required to maintain product quality before delivery to
customers by creating work instructions and adding work process methods during handling. Based on the pareto
defect diagram, the most frequent defect in the last 3 months was the dented part, accounting for 95,91%. The
contributing factors were: Human factors, where operators did not yet fully understand handling requirements;
machine factors, where components and cutting oil circulation were dirty; method factors, where handling was not in
accordance with SOP; and material factors, where the material made of stainless steel was easily scratched. By
implementing FMEA and Kaizen, it was found that the Valve Seat production process at PT XYZ was already quite
good, with a defect reduction of 0.87%, from the previous defect rate of 2.75% to 1.88%.
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1. Introduction

PT. XYZ is a manufacturing company that produces components for the automotive, electronics, audio
equipment, and office automation sectors. The company has been operating since 1997 in the Delta Silicon
1 Industrial Park, Lippo Cikarang, Bekasi Regency. PT. XYZ specializes in the production of precision parts
using CNC milling machines and secondary processes.

The parts produced include shafts, metal inserts, pulley levers, and valve seats. A valve seatis a ring-shaped
component that functions as a sealing surface. It ensures that the valve closes tightly, prevents fluid (gas or
liquid) leakage, and maintains compression. The continuously increasing demand from customers requires
the company to maintain the quality of its products. Maintaining product quality is essential to ensure cus-
tomer satisfaction and prevent defective products from being delivered to customers. However, valve seat
production still experienced dented defects, totaling 83,393 pieces out of a total production of 3,032,462
pieces (2.75%) during the July-September 2025 period. This condition requires the company to evaluate
the defective products in order to reduce the defect rate. The most prevalent defect was dented valve seat,
which resulted in poor part quality and high costs. Therefore, this study aims to control the product defect
ratio from 2.75% to 0% and achieve zero cases of product defects.
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The defects occurring during the last three months were classified into two categories: visual defects and
dimensional defects. Visual defects included dented valve seat, cracked valve seat, and burr on valve seat,
while dimensional defects consisted of out-of-specification dimensions and short-cut parts. Defective parts
that are delivered to customers may cause various potential and serious problems during the assembly
process. Visual defects such as dented valve seat, cracked valve seat, and burr on valve seat can prevent
the valve from closing properly. These microscopic gaps may cause fluids, gases, or vapors to leak from the
system. Such leakage can reduce operating or compression efficiency and result in power loss and in-
creased fuel or energy consumption. Leakage at the valve seat can also cause backfire (misfire) and lead to
overheating. If overheating is allowed to persist, the va/ve seat may wear out and eventually fracture. The
resulting fragments may enter the combustion chamber or flow passages and damage other components.
Dimensional defects, such as short-cut parts and out-of-specification dimensions, can have serious conse-
quences if delivered to customers because the valve seat may fail to assemble properly (mismatching) due
to an excessive gap or clearance. To address these defects, the FMEA approach is applied.

The Failure Mode and Effects Analysis (FMEA) method was formally introduced in the aerospace industry
in the mid-1960s, with a particular focus on safety issues. Shortly thereafter, FMEA became a key tool for
improving safety, particularly in the chemical process industry. FMEA continues to be used to prevent acci-
dents and safety incidents. [1] The object of FMEA is the overall process or product that may experience
potential failures.

Previous studies on quality control have applied FMEA, Seven Tools, or their combination to identify product
defects and determine their causes. However, several studies primarily emphasize defect identification,
root-cause analysis, and risk prioritization, while the linkage between risk analysis and direct process im-
provement with measurable defect reduction remains less emphasized. This creates a research gap for an
integrated approach that not only identifies the causes of defects but also translates the highest-priority
risks into practical improvement actions and evaluates their impact on the defect rate. In this study, Seven
Tools is used to identify the dominant defect and its potential causes through Pareto and Fishbone analysis,
while FMEA prioritizes the causes based on their Risk Priority Number (RPN). The prioritized causes are
then addressed through Kaizen using the 5W+1H approach, creating a systematic link between problem
identification, risk prioritization, and process improvement. This approach is particularly relevant because
the dented defect reached 83,393 pieces, equivalent to 2.75% of 3,032,462 production units during July—
September 2025, and accounted for 95.91% of all identified defects.

The novelty of this study lies in integrating Seven Tools, FMEA, and Kaizen into a continuous improvement
framework specifically for dented defects in valve seat production. FMEA identified disorganized handling
as the highest-priority cause, with an RPN of 256, exceeding the RPN values of the other identified causes.
This priority was subsequently addressed through a Kaizen improvement involving the addition of a plastic
container to the production rack to improve handling practices. Therefore, the research contribution extends
beyond identifying the causes of dented defects by demonstrating a measurable quality-improvement ob-
jective: reducing the initial defect rate of 2.75% to a maximum of 2% through targeted corrective action.

The purpose of Failure Mode and Effects Analysis (FMEA) is to identify and analyze potential failures in
products, systems, or processes. This method is used to determine the root causes of quality problems.
Various forms of errors, design deficiencies, conditions that do not conform to specified requirements, and
product modifications that may lead to failure are examples of failures that can be analyzed using this tech-
nigue.[1] Therefore, this study aims to identify the causes of defects in va/ve seat products and provide
improvement recommendations to achieve the goal of zero defect/zero claim.
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2. Methods

This study employed a quantitative descriptive approach with a case study design to identify the causes of
defects in valve seat products at PT. XYZ and to develop improvement actions for reducing the defect rate.
The research object was the valve seat, a precision ring-shaped component that functions as a sealing
surface and supports valve performance. Primary data consisted of production defect data collected during
July-September 2025, direct observations of the production and handling processes, and semi-structured
interviews with informants from the Production, QC/QA, Warehouse, and Engineering departments. In-
formants were selected based on their direct involvement in the va/ve seat production, quality inspection,
material handling, or technical support processes and their understanding of the occurrence and handling
of dented defects. Secondary data were obtained from company records and relevant literature.

The research procedure consisted of several sequential stages. First, production and quality data for July—
September 2025 were collected and classified according to defect type. Second, the Pareto diagram, as
one of the Seven Quality Control Tools, was used to determine the dominant defect based on its frequency
and proportion. The analysis identified dented as the dominant defect, accounting for 95.91% of all rec-
orded defects. Third, a Fishbone Diagram, another of the Seven Quality Control Tools, was used to identify
potential root causes according to the 4M+1E categories: Man, Machine, Method, Material, and Environ-
ment The analysis identified disorganized handling, unsmooth cutting-oil circulation, non-compliance with
SOPs, and easily scratched material as the main potential causes.

Fourth, Failure Mode and Effects Analysis (FMEA) was applied to prioritize the identified causes according
to their associated risks. Each potential failure cause was evaluated using three parameters: Severity (S),
Occurrence (0), and Detection (D). The Severity score represented the seriousness of the effect of the failure
on product quality or subsequent processes, Occurrence represented the likelihood or frequency of the fail-
ure cause occurring, and Detection represented the ability of the existing control system to detect the failure
before the defective product proceeded to the next process or customer. The ratings were determined
based on [insert the actual company/FMEA rating scale and assessment basis used in the study] through
evaluation by the relevant Production, QC/QA, Warehouse, and Engineering personnel. The Risk Priority
Number (RPN) was then calculated as RPN =S x O x D, and the causes were ranked according to their
RPN values. The highest RPN was obtained for disorganized handling, with a value of 256.

Fifth, the highest-priority cause identified through FMEA was subjected to Kaizen improvement. The Kaizen
implementation consisted of: (1) identifying the improvement target based on the highest FMEA priority;
(2) defining the What Why, Where, When, Who, and How using the 5W+1H approach; (3) developing
and implementing the corrective action; (4) assigning responsibility to the relevant departments; and (5)
conducting a trial period to evaluate the effectiveness of the improvement. In this study, the improvement
was implemented by the Engineering and QA teams through the addition of a plastic container to the pro-
duction rack to improve handling and prevent contact-related damage to the va/ve seat.

Finally, the effectiveness of the improvement was evaluated by comparing the defect rate before and after
implementation during the trial period. The initial defect rate of 2.75% was used as the baseline, while the
improvement target was set at a maximum of 2%, corresponding to the company's allowable defect rate.
Thus, the research procedure did not stop at identifying the causes of dented defects but continued through
risk prioritization, implementation of corrective action, and evaluation of its potential contribution to reduc-
ing the defect rate.

This study employs a quantitative descriptive approach based on a case study to identify the causes of
defects in valve seat products at PT. XYZ and to provide improvement recommendations for reducing the
defect rate through the application of Failure Mode and Effects Analysis (FMEA) and Kaizen. The research
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object is the valve seat, a precision ring-shaped component that functions to prevent leakage, withstand
high pressure and temperatures, and support the performance of the valve mechanism. The research data
consist of primary data in the form of production defect data collected over the most recent three-month
period (July-September 2025) through observations and interviews with personnel from the Production,
QC/QA, Warehouse, and Engineering departments, as well as secondary data obtained from journals,
books, and company archives. Data processing was conducted by identifying the dominant defects using a
Pareto diagram, analyzing their root causes using a 4M+1E Fishbone Diagram (Man, Machine, Method, Ma-
terial, and Environment), and subsequently determining the Risk Priority Number (RPN) using the FMEA
method based on Severity, Occurrence, and Detection. The causes with the highest RPN values were then
prioritized for improvement using the Kaizen approach. The research stages consisted of observing the
production and quality processes, collecting defect data, conducting a literature review, analyzing the
causes of defects, determining improvement priorities, and developing recommendations to reduce the de-
fect rate in valve seat products.

3. Result And Discussion
Data Collection and Processing
Primary Data

Sampling was conducted by collecting defect data from the most recent three-month period. The following
table presents the Valve Seat part defect data for July—September 2025.
Table 1. Defect Data for July-September 2025

No Defect Month Total (pcs) % NG
July Agst Sept
1 Dented 27.401 26.246 29.746  83.393 2.75%
2 Burry 313 253 344 2730 0.0009%
3 Outspec Dimensi 167 149 170 486 0.0016%
4 Crack 103 96 105 304 0.0001%
5 Shortcut 10 9 12 31 0.00001%
TOTAL DEFECT 86.944 2.867%
TOTAL PRODUCTION 3.032.462

Based on Table 1, a total of 86,944 defective parts were identified during the three-month period, consist-
ing of five types of defects: dented, burry, crack, shortcut, and out-of-specification dimensions. The total
defect rate was 2.867%, compared with the Zero Defect standard. The following table presents the char-
acteristics of each type of product defect.
Table 2. Product Defects

No Defect Figure Description

1 Dented Deformation or indentation on the part area, particularly
around the chamfer, body, upper surface, and lower surface.

}lu dented |

2 Burry B Improper or uneven residual material on the upper cut, lower

( ) cut, and chamfer areas.
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No Defect Figure Description
3 Crack Cracks occurring on the valve seatbody.

4  Shortcut Defective or incomplete cutting of the part.

5 Outspec dimensi Absence of the required chamfer cut.

Analysis and Discussion
Pareto Diagram

A Pareto diagram was used to determine the distribution and percentage of product defects occurring dur-
ing the three-month period from July to September 2025. The cumulative percentage of product defects is
presented in Table 3.

Table 3. Cumulative Percentage of Product Defects

No Defect Total (pcs) % defect Cumulative Percentage
1 Dented 83.393 95,91% 95,91%
2 Burry 2730 3,14% 99,05%
3 Outspec Dimensi 486 0,56% 99,61%
4 Crack 304 0,35% 99,96%
5 Shortcut 31 0,04% 100%
TOTAL DEFECT 86.944

After calculating the cumulative percentage of product defects, the dominant defect requiring improvement
could be identified. The results of the defect analysis are presented in the Pareto diagram shown in Figure
1.

Reduction of Visual Defects Dented in Valve Seat Products Using the Failure Mode and Effect Analysis (Fmea)
Method and Kaizen Seven Tools at PT. XYZ. Muh Rosyid et.al



Jurnal [Imiah Multidisiplin Indonesia (JIM-ID) ISSN 2828-9463
Vol. 5, No. 10, 2026, pp. 2423-2433 2428

DATA DEFECT VALVE SEAT

90000 ~gaa0s 100%

80000 90%

70000 80%
g 60000 702/0 -
= 50000 60% 3
£ 40000 >0% g
S 40% O
g 30000 30% &

20000 20%

10000 10%

0 2730 436 304 31 0 0%

Burry Crack
Dented Outspec... Shortcut

Figure 1. Pareto Diagram of Defects for Three Months (July-September 2025)

Based on the results of the Pareto diagram, it can be seen that the Dented defect has the highest frequency.
Therefore, among the five types of defects identified, the analysis was narrowed down to the most preva-
lent defect, namely Valve Seat Dented, for further investigation and improvement. This was done to focus
the improvement efforts on the defect with the highest level of importance and occurrence.

Fishbone Diagram

In the Fishbone Diagram, the analysis focused on the Valve Seat Dented defect to identify its underlying
causes. The results of the Fishbone Diagram analysis for the Dented component are presented in Figure 2.

Valve seat

Dented

Cutting oil circulation
iz obstructed.

Spare part kearing
the end of itr
service Jife.
——

There
isn't any

Easily scratched

[ ENVIRONMENT ][ METHOD ] [ MATERIAL ]

Figure 2. Fishbone Diagram

The Fishbone Diagram analysis identified one root cause for each factor, except for the Environmentfactor.
The identified root causes are presented in Table 4.
Table 4. Root Causes Identified from the Fishbone Diagram

Factor Root Cause
Man Disorganized handling
Machine Unsmooth or obstructed cutting oil circulation
Method Non-compliance with the SOP
Material Material is easily scratched
Environment No problems identified
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FMEA

In the data processing stage, the researcher employed the Failure Mode and Effects Analysis (FMEA)
method. FMEA was used to analyze the relationship between potential failure modes and their effects, with
the aim of determining the severity of defects and their potential impact. This approach involves identifying
and mapping potential causes of failure and determining appropriate corrective actions.

The Risk Priority Number (RPN) was then calculated by multiplying the Severity (S), Occurrence (O), and

Detection (D) ratings. The results were subsequently ranked based on the highest RPN values. The highest-

priority corrective action was assigned to the failure cause with the highest RPN, indicating that the issue

required the most immediate attention. The results of the FMEA calculation are presented in Table 5.
Table 5. Failure Mode and Effects Analysis (FMEA)

Failure Mode Failure Cause S O D RPN
Disorganized handling 8 4 8 256
Non-compliance with SOP 5 3 4 60
Valve Seat Dented Unsmooth cutting of/ circulation 4 3 3 36
Material is easily scratched 7 3 3 63

Source: Processed Data, 2025
RPN : Severity (S) x Occurrence (O) x Detection (D)

Description :

S : Severity
0 : Occurre
D : Detection

RPN : Risk Priority Number

Based on Table 5, data processing was carried out, and the Risk Priority Number (RPN) values were deter-
mined for each potential cause of failure. These causes included disorganized handling, improper circulation
of cutting oil, methods that did not comply with the SOP, and materials that were easily scratched. The
FMEA analysis showed that the Man factor had a higher risk of failure compared with the other factors.

Kaizen

To reduce the defect rate of Valve Seat products, the Kaizen method was implemented using the 5W+1H
analysis approach. This method was used to further investigate potential causes of failure based on the
data obtained from the RPN (Risk Priority Number) analysis. Through this analysis, the main causes could
be identified more specifically, particularly those related to machine factors. Based on the analysis results,
several solutions were developed to address problems originating from the machine aspect that contributed
to the occurrence of defects. The proposed solutions are presented in the following table.

Table 6. Proposed Improvements Using 5W+1H Analysis

Main 5W+1H Description Action Remarks
Cause
Factor
Valve What What is the purpose of To reduce defects -
Seat implementing the
Dented improvement?
Why Why is the improvement  Because the potential for -
necessary? failure is high
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Main 5W+1H Description Action Remarks
Cause
Factor
Where Where will the On the machine in the -
improvement be Valve Seat production area
implemented?
When When will the The improvement will be -
improvement be implemented starting
implemented? October 15, 2025
Who Who will implement the Engineering and QA -
improvement? Teams
How How will the Adding a plastic container
improvement be to the rack

implemented?

The improvement or Kaizen presented in Table 3 involved the Engineering and QA departments. The im-
provement activities were documented in the form of a Kaizen Report, as presented in Figure 3 below.

KAIZEN REPORTS

No. kﬁ-h Objective [lmplemencation Cost Date / PIC

i psic il by s e el Nodcos (Rpl026] b,

mcne 15 t} () ervar 3 3

1 ooemxnz 1 b\wmo: 00012025 / Rosyid

POTENST SAVING COST Target Defect
PT.XYZ

11.150.000 / Bulan
8790 Part /Bulan

Rp.

00— 275%

Figure 3, Kaizen Report

Following the implementation of the Kaizen documented in the Kaizen Report, a one-month trial was con-
ducted on the production line where the improvements had been implemented. The target defect rate was
set at a maximum of 1.8% by the researcher, or a maximum of 2% based on the maximum allowable defect
rate for Valve Seat parts at PT. XYZ. If the defect rate during the trial period remained below 2% of total
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production, the Kaizen aimed at reducing defects in Va/ve Seat products would be considered successful,
particularly in addressing the failure mode with the highest RPN, namely disorganized or improper handling.

Relationship Between Defect Data, Root Causes, FMEA, and Kaizen Improvement

The defect data for July—-September 2025 indicate that the dented defect was the dominant quality problem
in the valve seat production process. A total of 83,393 dented parts were recorded from 3,032,462 pro-
duction units, resulting in a defect rate of 2.75%. This defect represented 95.91% of the total 86,944 de-
fective parts, substantially exceeding the other defect categories. Therefore, the Pareto analysis provided a
clear basis for focusing the improvement effort on the dented defect as the most significant quality problem.
The Fishbone analysis was subsequently conducted to identify the potential causes of the dented defect.
Four contributing factors were identified: Man, Machine, Method, and Material. The Man factor was associ-
ated with disorganized handling, the Machine factor with unsmooth or obstructed cutting-oil circulation,
the Method factor with non-compliance with the SOP, and the Materia/factor with material that was easily
scratched. No significant problem was identified for the Environment factor. These findings indicate that
the dented defect was not attributed to a single general condition but to several potential causes that re-
quired further prioritization.

FMEA was then applied to determine the priority of the identified causes. The results show that disor-
ganized handling had the highest RPN of 256, based on Severity = 8, Occurrence = 4, and Detection = 8.
The other causes had considerably lower RPN values, namely 63 for easily scratched material, 60 for non-
compliance with SOP, and 36 for unsmooth cutting-oil circulation. Muh Rosyid (Esaprom S4) The high RPN
of disorganized handling indicates that this factor represented the most critical combination of potential
impact, occurrence, and difficulty of detection among the identified causes. Consequently, the Man factor
was selected as the primary target for improvement.

The FMEA results also provide the basis for correcting the interpretation of the Kaizen improvement. Since
disorganized handling under the Man factor was the cause with the highest RPN, the Kaizen action should
be interpreted as an improvement to the handling process rather than primarily as a Machine-related im-
provement. The Kaizen action involved adding a plastic container to the production rack to improve the
handling arrangement of va/ve seat components. The improvement was implemented by the Engineering
and QA teams in the val/ve seat production area using the 5W+1H approach.

Thus, the analytical sequence of this study can be clearly established as defect identification — defect pri-
oritization — cause identification — risk prioritization — corrective action. The Pareto analysis identified
dented as the dominant defect, the Fishbone analysis identified its potential causes, FMEA determined that
disorganized handling had the highest risk with an RPN of 256, and Kaizen translated this priority into a
practical handling improvement. This sequence demonstrates that the corrective action was derived from
the results of the preceding analyses rather than being selected independently.

Quantitative Evaluation of the Improvement

The initial production data show that the dented defect rate was 2.75%, corresponding to 83,393 defective
parts from 3,032,462 production units. After the Kaizen improvement, the study reports a defect rate of
1.88%, representing a reduction of 0.87 percentage points from the initial condition.

Table 7. Reduction of Kaizen

Condition Dented Defect Rate Reduction
Before Kaizen 2.75% -
After Kaizen 1.88% 0.87 %

The relative reduction in the defect rate was:
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2.75—1.88

X 100% = 31.649
2.75 & %

Therefore, based on the defect-rate data reported in the study, the Kaizen improvement was associated
with a 0.87 percentage-point reduction, equivalent to a 31.64% relative reduction in the dented defect rate.
The resulting defect rate of 1.88% was also below the company's maximum allowable defect rate of 2%,
which was established as the criterion for successful improvement during the one-month trial. This result
demonstrates that the contribution of the study extends beyond identifying the causes of the dented defect.
The integration of Pareto, Fishbone, FMEA, and Kaizen provided a structured improvement sequence in
which the dominant defect was identified, its potential causes were investigated, the highest-risk cause
was prioritized quantitatively, and a targeted corrective action was implemented. The reported reduction
from 2.75% to 1.88% indicates that the improvement contributed to lowering the defect rate and achieving
the company's maximum allowable defect target.

4. Conclusion
1. The dented defect was the most dominant defect in the valve seat production process, with 83,393

defective parts or 2.75% of total production, accounting for 95.91% of all recorded defects during
July-September 2025. The Pareto analysis therefore established dented as the primary defect
requiring improvement.

The Fishbone analysis identified four potential causes of the dented defect: disorganized handling
(Man), unsmooth cutting-oil circulation (Machine), non-compliance with SOP (Method), and easily
scratched material (Material). FMEA was then used to prioritize these causes based on Severity,
Occurrence, and Detection. Disorganized handling obtained the highest RPN of 256, with Severity =
8, Occurrence = 4, and Detection = 8, making it the highest-priority cause for improvement.

The Kaizen improvement was directed at the highest-priority cause, namely disorganized handling,
through the addition of a plastic container to the production rack. Following the improvement, the
reported dented defect rate decreased from 2.75% to 1.88%, representing a reduction of 0.87
percentage points or 31.64% relative to the initial defect rate. The resulting defect rate of 1.88% was
below the company's maximum allowable defect rate of 2%, indicating that the reported
improvement result achieved the predetermined target.
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