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Abstract

On the Crankcase K-58 machining line, several performance gaps
were identified, including inconsistent cycle time, frequent
unplanned downtime, and tool-change irregularities that caused the
output to fall below the company targets. This study aims to
enhance the production effectiveness of the K-58 crankcase
machining line by applying an integrated Total Productive
Maintenance (TPM) and Failure Mode and Effects Analysis
(FMEA) approach. The initial performance evaluation, using
Overall Equipment Effectiveness (OEE) in 2024, showed an
average score of 76.2%, indicating significant losses in availability
and performance rates. Quantitative analysis was conducted
through OEE and Six Big Losses assessments, while FMEA was
used to prioritize failure points based on Risk Priority Number
(RPN). Improvement actions implemented included autonomous
maintenance reinforcement, scheduled preventive maintenance,
operator skill development, coolant-condition control, and quick-
change adjustments. After implementation, the OEE of the
machining line increased to 85.5%, meeting its target. Reduced
speed losses improved by more than 45%, while setup and
adjustment losses decreased by over 50%. These results confirm
that the integrated TPM-FMEA approach is effective for
enhancing machining-line performance and reliability.

Keywords:
Crankcase machining, TPM, FMEA, OEE, process improvement.

1 Introduction

Manufacturing industries are continuously challenged to
maintain high levels of productivity, reliability, and product quality.
Modern production systems require equipment that operates with
minimal downtime and stable process capability to meet increasing
global competitiveness. In machining operations, equipment
inefficiencies such as unplanned stoppages, prolonged cycle time,
and tool-related disturbances can significantly reduce output and
raise operational costs. Therefore, achieving high equipment
effectiveness is essential for ensuring sustainable manufacturing
performance [1][2].

In the context of this study, the Crankcase K-58 machining line
exhibits several recurring operational issues. These include
inconsistent cycle times, frequent insert changes, pneumatic
disturbances, and machine stoppages at critical stations such as fine
boring and leak testing. These issues contributed to low availability
and performance rates, resulting in overall productivity below the
internal company target. This condition highlights the importance of
structured maintenance and systematic problem prioritization to
support machine stability and production continuity [3][4][5].

This research focuses exclusively on the Crankcase K-58
machining line and does not include the assembly process. The
machining line was selected due to its high production volume and
its significant contribution to engine manufacturing throughput. A
clear understanding of the equipment behavior and dominant loss
categories is required to perform effective improvement planning
[6].

Several studies have demonstrated that combining Total
Productive Maintenance (TPM) with Failure Mode and Effects
Analysis (FMEA) is effective in improving equipment reliability and
minimising production losses. However, the specific operational
characteristics of the Crankcase K-58 machining line require a
tailored improvement strategy that addresses its unique failure
modes. Therefore, this study aims to integrate TPM and FMEA to
identify critical failure points, prioritize root causes, and design
targeted improvement actions [7][8][9].

The expected contributions of this research are as follows: (1)
providing the company with a structured approach to reduce
downtime and improve machining stability, (2) supporting operators
with clearer autonomous-maintenance standards, and (3) offering
researchers a practical case study on TPM-FMEA implementation in
high-volume machining operations [10][11][12][13].

2 Method
2.1 Research design

This research was conducted at the Crankcase K-58 machining
line of PT XYZ Manufacturing Indonesia. The study was carried out
from January 2024 to April 2025 and involved continuous
monitoring of machine performance, downtime, and maintenance
activities.

The data collected consisted of both primary and secondary
sources. Primary data included direct observations of machine
operation, cycle-time measurements, maintenance logs, breakdown
records, and operator interviews. Secondary data consisted of
production reports, historical OEE data, maintenance manuals, and
internal standard operating procedures. [2][14].
The research methodology followed sequential steps as outlined
below:

(1) Identify the initial performance gap through OEE analysis.

(2) Classify losses using the Six Big Losses framework.

(3) Conduct detailed failure analysis based on breakdown
frequency and duration.

(4) Apply FMEA to determine the most critical failure modes
based on RPN.

(5) Formulate and implement TPM-based improvement actions.

(6) Evaluate post-improvement performance through updated OEE
indicators.

2.2 Research object

The object of this research is the K-58 crankcase machining line,
as Fig. 1, which consists of a sequence of operations, including
drilling, tapping, milling, reaming, and fine boring. The process
begins with dowel pressing and concludes with final leak testing.
The crankcase is a high-precision aluminum part that requires
multiple machining stations (OP20-OP130) to meet product
specifications.

Fig 1. lllustration of crankcase K-58
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2.3 Machining process flow

The crankcase machining line consists of a sequential process
starting from dowel pressing to final leak testing, as illustrated in
Figure 2. Each machining step is divided into operational processes
(OP20-0OP130) with designated workstations.
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Fig 2. Machining process flow of crankcase K-58

2.4 Data processing
2.4.1OEE calculation

Overall Equipment Effectiveness (OEE) is calculated using three
key indicators: availability, performance, and quality (Eq. 1-3). This
metric is widely used to evaluate equipment efficiency in
manufacturing operations [15]. According to [16], the OEE
framework enables consistent benchmarking of equipment
performance across production shifts and lines.

Operating Time

Availability = ( ) x100% Q)

Loading Time

Ideal Cycle Time x Total Output

Performance = ( )xlOO% 2

Operating Time

Quality = (E22P104) 210094 ?)

Total Products

2.4.1Six big losses analysis

This method identifies and categorizes six major loss types that
reduce equipment effectiveness: breakdowns, setup and adjustments,
idling and minor stoppages, reduced speed, process defects, and
reduced yield. Each category is quantified to determine which factors
contribute most significantly to production losses [6].

2.4.2FMEA and RPN calculation

FMEA is used to analyze potential failure modes in the
production process. Each failure mode is assessed based on severity,
occurrence, and detection. The Risk Priority Number (RPN) is
calculated as Eq. 4:

RPN = Severity x Occurrance x Detection 4)

This approach helps prioritize which failure modes should be
addressed first to prevent system breakdowns [8]. FMEA-based
prioritization has also proven effective in reducing reactive
maintenance efforts, as shown by [16] in their study on metal part
machining.

2.5TPM and FMEA integration

The integration of Total Productive Maintenance (TPM) and
FMEA enables proactive and systematic improvements. TPM
focuses on preventive maintenance and involving operators in
maintaining equipment, while FMEA ensures that the most critical
failure modes are identified and mitigated through corrective actions.
Combining both approaches improves reliability, reduces unplanned
downtime, and supports sustainable productivity improvement [7].
This synergy is further validated by [17], who noted that integrating
TPM pillars with FMEA significantly reduced OEE losses in
assembly lines.

2.6 Analysis framework
This study follows a systematic framework to identify, analyze,
and improve machine performance in the crankcase K-58 machining
line. The stages are outlined as follows:
1. OEE Evaluation:
Measure the baseline effectiveness of the machining line using
Availability, Performance, and Quality indicators.
2. Six Big Losses Identification:
Break down production losses into six categories to determine
the dominant contributors to inefficiency [6].
3. Pareto Analysis:
Visualize the frequency of machine-related failures to prioritize
issues with the highest occurrence [4].
4. FMEA Application:
Assess failure modes based on Severity, Occurrence, and
Detection to calculate RPN and prioritize corrective actions [8].
5. TPM-FMEA Integration:
Combine preventive maintenance actions with prioritized
failure mitigation strategies to reduce downtime and improve
OEE [7].
6. Post-Improvement Evaluation:
Recalculate OEE after implementing improvements and
compare it with initial conditions to assess impact.

3 Result and discussion
3.1 Data collection and production output

The research was conducted on the K-58 crankcase machining
line, which operates within a manufacturing facility producing
engine components for two-wheeled vehicles. The production line
consists of multiple automated and semi-automated stations
performing operations such as milling, drilling, tapping, boring, and
leak testing. Each operation is assigned a code ranging from OP20
to OP130, where both the left and right crankcase variants are
processed in a linear sequence without changing the line
configuration.
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To understand the baseline performance of the line, production
output data from January to December 2024 was collected. The data
includes total production targets, actual finished goods, and rejected
units. The monthly averages are summarized in Table 1.

Table 1. Average monthly production output

Category Quantity (units)
Target Output 27,264
Finished Goods 24,305
Rejected Parts 293

From the recorded data, the line achieved an average output rate
of approximately 89.2% compared to the monthly target, indicating
a performance shortfall. Although the defect rate (rejected parts)
appears relatively low at 1.2%, the cumulative effect of cycle time
deviations, frequent insert replacements, and minor stoppages
contributed significantly to overall performance degradation.

This data serves as a critical input for calculating the Overall
Equipment Effectiveness (OEE) as well as identifying major sources
of efficiency losses, which are further explored in the following
subsections.

3.2 Machine downtime and net production time

The machining line's availability is strongly influenced by
unplanned downtime events. Throughout 2024, several machines
experienced breakdowns with varying frequency and duration.
Downtime records included both minor stoppages and major
breakdowns requiring component replacement or maintenance
intervention. The machines with the most significant downtime were
the fine boring and leak test stations, with individual events lasting
from 15 minutes up to 2.5 hours.

In addition, the net production time, defined as the actual
machining duration excluding breaks and downtimes, was monitored
monthly. On average, each working shift recorded approximately
386.55 minutes of net productive time out of a total 480-minute shift.
This corresponds to an average availability rate of 80.53%, reflecting
the impact of both scheduled and unscheduled interruptions.

3.3 Cycle time in the crankcase K-58 machining line
Cycle time consistency is a crucial factor affecting the line's
performance rate. The machining process was designed with a target
cycle time of 68.40 seconds per unit, including transfer time.
However, based on observation and time study analysis, the actual
average cycle time was recorded at 78.40 seconds, exceeding the
design cycle time by approximately 10 seconds.
This deviation was largely due to:
1. Frequent tool changeovers (especially inserts on fine boring
machines),
2. Operator delay during part loading and unloading,
3. Minor interruptions not classified as full downtime (e.g., chip
cleaning, alignment checking).

The prolonged cycle time contributed to a significant
performance loss, which is accounted for in the subsequent OEE
analysis.

3.4 Breakdown frequency in the machining line

Failure frequency analysis was conducted to determine the most
critical equipment and identify patterns in mechanical or operational
failures. Table 2 summarizes the monthly breakdown of events by
machine type. Breakdown frequency in machining line K-58 in the
Pareto chart is shown in Fig. 3.

Table 2. Breakdown frequency on the machining line
Machine/Station Monthly Breakdown Events

Fine Boring 12
Leak Test 8
CNC Dirilling Center 7
Index Table 5

Machine/Station Monthly Breakdown Events
Tapping Unit 4

Pareto Chart - Breakdown Frequency in Machining Line K-58
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Fig. 3. Breakdown frequency in machining line K-58

The fine boring machine exhibited the highest failure rate, largely
associated with insert wear, improper tool seating, and inconsistent
coolant delivery. These frequent breakdowns not only disrupted the
flow but also increased the time required for diagnosis and recovery.
The leak testing station also experienced recurring pneumatic seal
failures that led to machine unavailability and production delays.

The breakdown frequency data supports the need for a structured
approach to maintenance prioritization using FMEA and TPM, as
further explained in the discussion on Six Big Losses and failure risk
assessment.

3.50EE calculation and analysis

The evaluation of equipment performance on the K-58
machining line was carried out using the Overall Equipment
Effectiveness (OEE) framework, which integrates three key metrics:
Availability, Performance, and Quality. Data was collected monthly
throughout 2024 to analyze trends and determine areas for
improvement.

The monthly average values of the OEE components are shown
in Fig. 4, representing 12 months of continuous operation.

OEE Components - Actual vs Target (2024)

—e— Target
99.0% . Actual 2024
1001 % %
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Fig. 4. Average OEE components in 2024

The OEE values show that:

1. Availability remained relatively stable throughout the year,
averaging 93.7%. This indicates that the line experienced
minimal unplanned downtime, although frequent tool
changeovers and short stops still occurred.

2. Performance, however, consistently stayed below the ideal
level, averaging 83.7%. This reduction was primarily caused by
prolonged cycle times due to insert replacements, chip
cleaning, and slow part handling-similar to findings in previous
machining studies [6].
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3. Quality averaged 97.1%, which is considered acceptable by
internal quality standards, though still slightly below world-
class levels (>99%).

The cumulative OEE result for 2024 was 76.2%, significantly
lower than the global benchmark of 85% for world-class
manufacturing performance [4]. This result reflects similar findings
reported by [18], who found that machining cells with inconsistent
setup times and tool change delays rarely exceeded 80% OEE. This
indicates that although machine uptime was sufficient, actual
productive output was hindered by efficiency and quality losses.
The analysis also revealed that:

1. The performance rate was the most critical loss factor, driven
by deviations in actual cycle time compared to the standard
(78.4 seconds vs. 68.4 seconds).

2. The reduced speed loss category was found to have the highest
impact on overall performance loss, as confirmed in the
following Six Big Losses analysis.

These findings serve as a diagnostic foundation for targeted
improvement actions using TPM and FMEA in the subsequent
stages.

3.6 Six Big Losses Analysis

The six major categories of production loss were evaluated on
the K-58 machining line using the Six Big Losses framework, which
is integral to the TPM methodology. This analysis quantifies the
primary causes of efficiency losses beyond simple machine uptime.
In 2024, the largest contributor to total loss was Reduced Speed
Losses, which accounted for 14.21% of available time. This was
followed by Set Up and Adjustment Losses (4.30%), and Defect
Losses (2.81%). The complete breakdown is shown in Table 3 and
Fig. 5.

Table 3. Six big losses K-58 machining line

Loss Category Loss (%)
Reduced Speed Losses 14.21
Set Up and Adjustment 4.30
Defect Losses 2.81
Idling & Minor Stoppage 2.09
Breakdown Losses 1.97
Reduced Yield Losses 0.06

Six Big Losses - Before and After Improvement
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—=— After Impravement (Apr 2025)
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Fig. 5. Six big losses before and after improvement

The high level of reduced speed losses was primarily caused by:
¢ Manual insert replacement processes requiring machine stops.
¢ Inconsistent chip evacuation.
e Operators working below standard cycle time due to repeated
visual checks.

Comparable dominant losses were observed by [19] in their
TPM-based study on CNC assembly lines, where reduced speed and

adjustment times consistently ranked highest. Set up and adjustment
losses were mainly triggered by manual tool setting activities that
lacked clear work instructions or visual standards. Minor stoppages
also occurred frequently during rechecking or repositioning of
workpieces, typically not recorded in downtime logs.

After the improvement interventions implemented in April 2025,
which included TPM-based autonomous maintenance, coolant
optimization, and standardized tool setting procedures, the total loss
percentage dropped significantly. The Reduced Speed Losses were
nearly halved to 7.76%, while Setup Losses fell to 2.07%, and Defect
Losses slightly decreased to 2.57%.

This outcome supports previous findings by [15], who
emphasized that operator-driven causes such as tool wear and
handling speed contribute significantly to productivity erosion in
CNC-based machining.

3.7FMEA analysis and risk prioritization
To systematically identify and mitigate critical failure points on
the K-58 machining line, a Failure Mode and Effect Analysis
(FMEA) was conducted. Fourteen failure modes were identified
from historical breakdown records and observations, then evaluated
using three key parameters:
1. Severity (S): Impact level on the production process if the
failure occurs.
2. Occurrence (O): Likelihood of the failure happening.
3. Detection (D): Probability that the failure can be detected
before affecting the output.

Each failure mode was scored on a scale of 1 to 10, and a Risk
Priority Number (RPN) was calculated. The results were then ranked
to determine which failures required urgent corrective action. The
top five high-risk failures are presented in Table 4.

Table 4. Top 5 failure modes based on RPN

No. Failure Mode S O D RPN Category

1 Frequent insert replacement in9 8 3 216 Reduced Speed Loss

fine boring
Manual insert setting without Setup/Adjustment
fixture 87 3 168 Loss

Coolant concentration instability 7 6 4 168 Defect Loss

Pneumatic failure in leak testunit 8 5 4 160 Breakdown Loss

Manual deburring delays 76 3 126

g ~ w N

Minor Stoppage Loss

The most critical failure was the frequent insert replacement on
the fine boring machine (RPN=216). This failure not only caused
speed reduction but also forced additional inspections due to burr
formation. Manual insert setting (RPN=168) ranked second,
primarily because the absence of a positioning fixture increased tool
misalignment risks and setup time. This is consistent with results
from [20], who identified tool-related failures as major contributors
to performance degradation in turning operations.

Instability in coolant concentration contributed to surface defects and
tool wear, indicating a need for more reliable coolant monitoring and
control systems.

The high RPN scores validate the importance of integrating
FMEA with Total Productive Maintenance (TPM), which allows
teams to shift from reactive to preventive actions, as also emphasized
by [7].

The insights gained from this FMEA served as the foundation for
targeted improvements, which are elaborated in the following
section.

3.8 TPM-based improvement actions

Based on the results of the OEE analysis, Six Big Losses
evaluation, and FMEA prioritization, a set of improvement actions
was developed and implemented using the principles of Total
Productive Maintenance (TPM).
The TPM improvement activities were implemented through four
key aspects:
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1. Autonomous Maintenance: Operators were trained to perform
routine cleaning, lubrication, and basic inspections such as
insert wear checks and coolant-level verification. Visual
controls were strengthened using colored indicators and
standardized inspection checklists.

2. Planned Maintenance: The maintenance team established a
weekly preventive-maintenance schedule targeting common
failure points, including pneumatic valves, coolant-flow
regulators, and fine boring tool holders.

3. Skill Development: Training sessions were conducted to
enhance operator competency in setup adjustments, insert
installation, torque setting, and troubleshooting of minor
abnormalities.

4. Quality and Coolant Control: Coolant concentration and flow
were monitored daily to reduce the likelihood of tool burning
and dimensional inconsistencies.

These improvements were implemented between January and
March 2025 and closely monitored for impact on key performance
indicators (KPISs).

The approach reflects effective integration of TPM and FMEA as
complementary tools for sustainable production efficiency, as
suggested by studies such as [7][8].

3.9 Post-improvement performance evaluation

Following the implementation of TPM-based corrective actions
and FMEA-informed prioritization, the K-58 machining line was re-
evaluated in April 2025 to measure the impact of the improvement
program.

A comparative analysis of the key performance indicators before
and after implementation is shown in Table 5.

Table 5. Comparison of OEE metrics before and after improvement
Metric 2024 (Average) April 2025 A Change (%)

Availability Rate 93.7% 96.3% +2.6%
Performance Rate 83.7% 91.2% +7.5%
Quality Rate 97.1% 97.4% +0.3%
Overall OEE 76.2% 85.5% +9.3%

The Overall Equipment Effectiveness (OEE) increased from
76.2% to 85.5%, surpassing the company’s target and aligning with
world-class standards. This improvement was primarily driven by:

e A 7.5% increase in performance, due to reduced insert setup
frequency and stabilized cycle times.

o A2.6% increase in availability, attributed to reduced unplanned
downtime and better preventive maintenance execution.

e Aslight quality improvement, resulting from optimized coolant
control and enhanced setup accuracy.

In addition, losses associated with the Six Big Losses framework
were also significantly reduced, as visualized in Fig. 6.

Reduction of Six Big Losses After Improvement - K-58 Machining Line
200}
== Before Improvement (2024)
1750

1501 1421%

125+

1001

Loss Percentage (%)

751

50F

25r

After Improvement (Apr 2025

0.06%

Olgeduced Speed  Setup & Adjustment Defects Breakdowns Minor Stoppage Reduced

Fig. 6. Reduction of six big losses
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The most significant reductions were observed in:
e Reduced Speed Losses: decreased from 14.21% to 7.76%
e Setup and Adjustment Losses: from 4.30% to 2.07%
e Minor Stoppage Losses: from 2.09% to 1.03%

These results confirm that integrating TPM and FMEA led to a
measurable and sustainable improvement in production efficiency on
the K-58 line. The approach can be recommended for replication in
other high-precision machining cells within the same facility or
similar environments. A similar impact was reported by [21], where
TPM-FMEA integration resulted in a 7% OEE improvement in a
valve machining cell.

The improvement in OEE after TPM-FMEA implementation
demonstrates that the dominant losses were successfully addressed.
The reduction in Reduced Speed Losses was primarily due to more
stable cycle times achieved through improved insert-change
procedures and controlled coolant conditions. Meanwhile, the
reduction in Setup and Adjustment Losses resulted from operator
skill enhancement and faster tool alignment. These findings are
consistent with previous studies reporting that TPM combined with
structured failure analysis can significantly improve machining
stability and equipment reliability.

6 Conclusion

This study successfully improved the production effectiveness of
the Crankcase K-58 machining line through the integrated
application of TPM and FMEA. The initial performance evaluation
revealed that the line achieved an OEE of 76.2% in 2024, with
significant losses attributed to reduced speed and setup activities.
After implementing a series of TPM-based improvements, the OEE
increased to 85.5%, meeting the company’s operational target.
Reduced Speed Losses decreased by more than 45%, while Setup
and Adjustment Losses were lowered by over 50%.

These results confirm that combining TPM and FMEA provides
a structured approach for identifying critical failure modes,
prioritizing improvement actions, and enhancing overall machining-
line reliability. Future research may incorporate predictive
maintenance analytics and sensor-based monitoring to further
enhance the long-term performance of machining operations.
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