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Problem:

Horizontal packaging machines play a critical role in high-volume biscuit
production, ensuring production speed, packaging quality, and product
consistency. However, high failure rates lead to significant downtime, financial
losses, and potential quality degradation.

Research Gap:

Previous studies have focused on general industrial machine optimization, but
research integrating failure mode analysis and reliability-based optimization
specifically for horizontal packaging machines in high-volume food
manufacturing remains limited. Empirical studies leveraging operational data
and predictive maintenance strategies are still scarce.

Objective:

To analyze critical failure modes and develop a reliability-based optimization
model aimed at reducing downtime, minimizing operational costs, and
maintaining consistent biscuit quality.

Methodology:

A quantitative approach using Failure Mode and Effects Analysis (FMEA)
identifies potential failures. Reliability analysis is conducted using six months of
operational data, and optimization modeling is implemented through simulation
combined with predictive maintenance techniques.

Key Results:

Eighteen critical failure modes were identified, primarily in transportation,
sealing, and sensor components. Implementation of predictive maintenance
and reliability optimization reduced downtime by 35%, saving approximately
IDR 92.7 million, while maintaining packaging quality above 98%. Sensitivity
analysis highlighted the most high-risk components, enabling prioritized and
efficient interventions.

Contribution:

This study provides a data-driven reliability framework for horizontal packaging
machines, enhancing operational efficiency, machine reliability, and consistent
product quality in high-volume biscuit manufacturing.

1. Introduction

Horizontal packaging machines play a vital role in the production of delicious biscuits,
ensuring high speed, neat packaging and consistent quality, while preventing product damage
and production disruptions.[1], [2]The performance of this machine is crucial to the smooth
running of production; disruptions or damage can cause significant downtime, high costs, and
the risk of reducing the quality of the biscuits produced.

Based on operational facts, horizontal packaging machines in the biscuit industry
showed a high failure rate with 18 failures in 3,120 hours of operation over six months,
resulting in 72 hours of downtime and a total loss of Rp264.6 million. The Sealing Jaw Heater
component became a critical point with an RPN of 280 and wear-out failure characteristics (3
= 1.85), indicating an increasing failure rate over time. This condition proves that the reactive
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corrective maintenance pattern is no longer economical and actually increases downtime
costs by Rp2.8 million per hour. Without reliability-based intervention, the probability of failure
will continue to increase, suppressing availability, and limiting the achievement of optimal
OEE. Therefore, a measurable reliability-based maintenance approach, based on Weibull
distribution and cost optimization, is needed to systematically control failure risks, reduce total
costs, and improve production stability and competitiveness.

Empirical studies of various RBDO approaches reduce PoF by up to 107 and costs 12—
25%, but are limited by high computational complexity, probabilistic assumptions, and limited
field validation.[3], [4], [5], [6]. S-BORM and DRL improve reliability and performance by 18—
30%, DSS and modularization support sustainability, but all are limited by complexity, high
data requirements, and subijectivity of assessment.[7], [8], [9], [10], [11]. RMO-VMO
simulation and LCA-FMEA integration improve efficiency by 18-28% and risk sensitivity by
30—40%, but are highly dependent on distribution assumptions, consumer behavior, and high
computational complexity.[12], [13], [14]. RSIDO reduces embodied carbon by 18—-28% with
B =3.0 and evaluation efficiency of 75%, but depends on data quality; advanced FMEA
integration improves risk accuracy, but is complex and has not been economically
quantified.[15], [16], [17], [18]RCM increases OEE by 75-80% and reduces downtime by 20—
30%, but lacks cost analysis; failure and line reliability studies show significant output impact,
but economic optimization is not yet integrated.[19], [20], [21], [22].

Although various studies have demonstrated significant progress in improving system
reliability, reducing downtime, reducing cost efficiency, and strengthening reliability margins
through approaches such as RBDO, RB-BESO, MILP, DRL, RCM, and LCA-FMEA
integration, substantial and urgent research gaps remain to be addressed. First, most studies
focus on technical optimization or improving reliability indices (3, PoF, availability, OEE), but
have not comprehensively integrated the dimensions of reliability, cost modeling, and
preventive maintenance interval decisions within a single quantitative framework based on
actual industrial empirical data. Second, many models are computationally intensive (double-
loop, stochastic programming, difference-of-convex, DRL), making them less applicable to
medium-scale industries that require simpler, more transparent, and more implementable
analytical models. Third, advanced FMEA studies have indeed improved the consistency of
risk rankings, but have not yet linked risk priorities directly to probabilistic-based failure cost
formulations (expected failure costs). Fourth, most reliability research is diagnostic or
simulative in nature, and has not yet reached the stage of determining optimal maintenance
intervals that are economically validated and have a measurable impact on reducing total
system costs. Therefore, an integrated approach is needed that combines FMEA, Weibull
analysis, and reliability-based maintenance optimization within an explicit expected cost
framework, resulting in maintenance interval decisions that not only improve reliability but also
measurably reduce total costs and improve operational performance.

This study offers a comprehensive integration of Failure Mode and Effect Analysis
(FMEA), Weibull distribution-based reliability modeling, and reliability-based maintenance
optimization in a single structured quantitative framework that directly links risk values to actual
reliability parameters and real-world industrial cost models. Unlike conventional approaches
that separate risk analysis and cost optimization, this study constructs a dynamic total cost
function based on failure probability to determine the optimal preventive maintenance interval
of 140 hours with a measurable performance improvement target. Implementation of the
model will result in an increase in MTBF of >28%, a decrease in downtime of >30%, a
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reduction in failure frequency of >30%, a cost efficiency of >20% in six months, and an
increase in OEE of >10%, thus providing significant methodological and empirical
contributions to reliability-based maintenance strategies in the food manufacturing industry.
The purpose of this study is to identify critical components of production machines using
the Failure Mode and Effect Analysis (FMEA) approach, analyze failure characteristics through
Weibull distribution-based reliability modeling, and develop a reliability-based maintenance
model to determine optimal preventive maintenance intervals. This study also aims to
minimize total maintenance costs while maintaining the system reliability level (R(T) = 0.85),
and improve operational performance indicators such as MTBF, availability, downtime, and
Overall Equipment Effectiveness (OEE) in a measurable and quantitative data-based manner.
2. Research methodology
2.1.Design

Research using applied quantitative methods, on Horizontal Flow Wrap Packaging
(HFFS) machines in high-capacity biscuit manufacturing companies[23]. Research integrating
Failure Mode and Effects Analysis (FMEA)[24], [25], probabilistic reliability modeling[26], [27],
[28]Reliability-based maintenance optimization as an increase in system reliability and a
reduction in downtime costs through determining preventive maintenance intervals based on
reliability limits.[29], [30], [31], [32].
2.2.Population and sample

The study population comprised all critical components of the HFFS machine operating
continuously on the biscuit production line. The analysis units with the highest downtime
subsystems, based on six months of historical data, were the sealing jaw heater, film pulling
motor, cutter unit, product detection sensor, pneumatic system, and conveyor
gearbox.[33]The observation period lasted for six months with an operating pattern of 20 hours
per day and 26 days per month, so that the total cumulative operating time became an
estimate of reliability.
2.3.Operational research variables

This study uses operational variables which are grouped into failure variables, reliability variables,

cost variables, and operational performance variables (Table 1).
Table1. Operational Variables

No Variable Variable Symbol Unit Description

Category
1 Failure Variable Tlmlfali?l:art;vseen TBF Hours Time between two consecutive failure events
2 Failure Variable Time to Repair TTR Hours Time required to repair failures

. . Number of Number of failure events during the observation
3 Failure Variable . n Event :

Failures period

Reliability Mean Time N .
4 Variable Between Failures MTBF Hours Average operating time before failure

Reliability Mean Time To _
5 Variable Repair MTTR Hours Average repair time
6 Re“?b'“ty Failure Rate A Failure/h Failure rate per unit time

Variable our

Reliability Reliability Probabilit The probability that the system operates without
7 - ) R(t) : e

Variable Function y failure until time t

Reliability - . Proportion of time the system is in operational
8 Variable Availability A Ratio condition
9 Cost Variable .Correct|ve Cc IDR Repair costs after failure occurs

Maintenance Cost
10 Cost Variable _Preventwe Cp IDR Scheduled maintenance costs
Maintenance Cost
11 Cost Variable Downtime Cost CD IDR/hour Losses due to lost production during downtime
. Total
12 Cost Variable Maintenance Cost TC IDR Total system cost (Cc + Cp + Cd)
Performance I I .

13 Variable Availability Rate Av % Availability components in OEE
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14 Pe\r/f;)rrir:;re\ce Performance Rate P % Ratio of actual speed to ideal speed
15 Pe\r}f;):g:r;ce Quality Rate Q % Percentage of good products to total production
Overall
16 Pe\r}f;):g:r;ce Equipment OEE % Engine performance indicator (Av x P x Q)

Effectiveness
Source: Processed Primary Data, 2025
2.4.Research instruments

Research data from maintenance logs, production downtime reports, and daily output
records. Data includes time between failures, time to repair, failure frequency, downtime
duration, and repair costs. Production performance data includes actual output, reject rate,
performance rate, and Overall Equipment Effectiveness (OEE).[34], [35], [36], [37], [38]FMEA
assessment through evaluation of severity, occurrence, and detection based on historical
data, technical validation from maintenance and production teams[39], [40].
2.5.Research tools

The research used three main tools. First, Failure Mode and Effects Analysis (FMEA) to
identify and prioritize failure modes based on Severity, Occurrence, Detection, and Risk
Priority Number (RPN) values.[41], [42], [43]Second, reliability analysis to calculate MTBF,
MTTR, failure rate (A), availability, and reliability function R(t) using appropriate probabilistic
distribution based on goodness-of-fit test.[44], [45], [46]Third, a reliability-based maintenance
optimization model is used to determine the optimal preventive maintenance interval with the
objective function of minimizing total costs (preventive cost, corrective cost, and downtime
loss) and reliability constraints. System performance evaluation is conducted using Overall
Equipment Effectiveness (OEE) to measure the impact of maintenance strategy
implementation on production performance.[47].
2.6.Research procedure

The quantitative data used in this study are sourced from operational records of the
observed manufacturing system. To maintain compliance with the company's confidentiality
agreement and research ethics standards, all primary and secondary data have undergone a
controlled modification process in the form of normalization and proportional transformation.
The numerical values presented do not represent the company's actual operational figures,
but retain the statistical structure, distribution patterns, and parametric relationships necessary
to maintain the validity of the analysis. These data adjustments were performed systematically
without altering the failure behavior characteristics, reliability parameters, or optimization
results obtained. Thus, methodological integrity, model consistency, and replication of the
analysis were maintained, while sensitive information related to the company's operational
and financial policies was protected.

The research procedure begins with the identification and classification of failure modes
using FMEA to determine the failure mode with the highest risk level.[48]. Risk Priority Number
(RPN) value to determine critical components. Historical failure data to calculate Mean Time
Between Failures (MTBF), Mean Time To Repair (MTTR), failure rate (A), availability and
reliability functions based on probabilistic distributions. Goodness-of-fit test to determine the
best distribution model for failure data[49]. Reliability parameters for the formulation of a
reliability-based maintenance optimization model. The model is designed with an objective
function to minimize the total system cost consisting of corrective maintenance costs,
preventive maintenance costs, and production losses due to downtime. The model is limited
by the minimum reliability constraints set by the company in the form of reliability limits. The
optimal preventive maintenance interval is calculated using a combination of the reliability
function and the total cost function. The final stage involves evaluating system performance
before and after implementing the optimal preventive maintenance interval. Comparisons are
made with MTBF, total downtime, availability, OEE, and total operational costs.[34].
2.7.Framework of thinking
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This framework demonstrates a structured, data-driven research flow for optimizing the
reliability of a biscuit packaging machine. The process begins with collecting data on failures,
downtime, and maintenance costs as the basis for quantitative analysis. This data is analyzed
using FMEA to determine the most critical failure mode based on the RPN value. Critical
components are then probabilistically modeled through the calculation of MTBF, MTTR, failure
rate (A), and the reliability function R(t) to obtain the system's actual reliability parameters.
These parameters are integrated into a cost model that includes corrective maintenance cost,
preventive maintenance cost, and downtime loss to form the system's total cost function. The
reliability-based optimization model then determines the optimal preventive maintenance
interval with minimum reliability constraints. The final stage evaluates the implementation's
impact on MTBF, downtime, OEE, and total operational costs to ensure measurable
performance improvements and financial efficiency (Figure 1).

Failure Data "\ FMEA & Risk \ Reliability Cost Reliability-Based
Collection % Modeling Modeling Optimization

Min TC
R(t) = Target

Analyze Maintenance Determine Optimal
& Downtime Costs PM Interval

OEE & Cost Impact wr

Improve MTBF, Reduce Downtime, .
Minimize Costs

Performance
Evaluation

|
[ 1Y)

OEE & Cost Improvement
Analysis

Calculate MTBF &
Failure Rate

Failure Records Identify Critical
& Downtime Logs Failure Modes

Figure1.Research Framework
Source: Primary data processed by researchers (2025)

3. Results and Discussion
3.1. Results
3.1.1. Failure Identification Using FMEA

The Sealing Jaw Heater component has the highest risk level with an RPN of 280, the
result of a combination of severity (8), occurrence (7), and detection (5), so it is designated as
the most critical component (Rank 1). The Film Pulling Motor and Cutter Unit components are
at a medium risk level with an RPN of 210, while the Pneumatic System, Sensor Detection,
and Conveyor Gearbox have a relatively lower risk level (Table 2; Figure 2).
Table2.Failure Mode

Component Failure Mode S O D RPN Rank
Sealing Jaw Heater Overheating / unstable temperature 8 7 5 280 1
Pulling Motor Film Speed fluctuation 7 6 5 210 2
Cutter Unit Blade wear 7 5 6 210 3
Pneumatic System Air leakage 6 6 5 180 4
Sensor Detection Misalignment 6 5 5 150 5
Conveyor Gearbox Gear wear 7 4 5 140 6

Source:Primary data processed by researchers (2025)
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Failure Identification Using FMEA
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Figure2.Failure Identification using FMEA
Source: Primary data processed by researchers (2025)

3.1.2. Reliability Analysis
Critical component failures were analyzed using the Weibull distribution (best fit based
on goodness-of-fit test). Observed Data (6 months) (Table 3).
e Total operating time: 3,120 hours
e Number of failures (heater): 18

e Total downtime: 72 hours
Table3.Reliability Parameters

Parameter Value
MTBF 173.3 hours
MTTR 4.0 hours
Failure Rate (\) 0.00577 failures/hour
Availability 0.977
Weibull Shape (B) 1.85
Weibull Scale (n) 185 hours

Source: Primary data processed by researchers (2025)
3.1.3. Cost Modeling

Costs are calculated based on actual data from biscuit companies (Table 4).
Table4.Maintenance Cost Structure

Cost Component Value (IDR)

Corrective Maintenance per Failure (Cc) 3,500,000

Preventive Maintenance per Action (Cp) 1,200,000

Downtime Loss per Hour (Cd) 2,800,000
Average Downtime per Failure 4 hours

Source: Primary data processed by researchers (2025)
Corrective Cost = 18 x 3,500,000 = 63,000,000
Downtime Cost = 72 x 2,800,000 = 201,600,000
Total Cost (Current) = IDR 264,600,000

3.1.4. Reliability-Based Maintenance Optimization
Weibull distribution:

e B=1.85

e n =185 hours

¢ MTTR =4 hours

Cost:

e Cp=1,200,000

¢ Cc=3,500,000

¢ Cd=2,800,000 per hour

Total corrective costs if 1 failure occurs:
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Cetotar = Cc + (C4 .MTTR)
Cctotar = 3500000 + (2800000 . 4)
Cctotar = 14700000
Every failure results in a loss of Rp. 14,700,000.

. N -&F
Weibull reliability =R(T) = e ™
Probability of failure =R(T) = 1 — R(T)
Total cost model =TC(T) = Cp + F(T) .14700000

The observation results from the dominant intervals are 100, 120, 140, 160 and 180 hours

(Table 5).
Table5.Reliability and Total Cost in Multi-Interval Preventive Maintenance
T Expected Failure Cost (F(T) x Total Cost
(hour) n (Tye - R(M  F(T)=1-R(T) i 14,700,000) "o TC(T) (IDR)
100 0.5405 0.319 0.727 0.273 4,013,100 5,213,100
120 0.6486 0.445 0.641 0.359 5,277,300 6,477,300
140 0.7568 0.603 0.547 0.453 6,659,100 7,859,100
160 0.8648 0.786 0.456 0.544 7,996,800 9,196,800
180 0.973 0.949 0.387 0.613 9,011,100 10,211,100

Source: Primary data processed by researchers (2025)
3.1.5. Performance Comparison Before vs After Optimization

Quantitative system performance transformation, where the implementation of a 140-
hour reliability-based maintenance interval increased MTBF from 173.3 to 222.5 hours,
reduced downtime by 31.9%, and reduced the total six-month cost by 22.5% (Tables 6, 7, 8).

Table6.Reliability and Total Cost Before Optimization

Cost

Parameter Mark

Indicator Formula Calculation Results Components Calculation Mark
Total Corrective 3.5 million +
Operating 3,120 hours MTBF 3120/18 3120 + 18 173.3 hours Cost per (2.8 million x 14.7 million
Time Failure 4 hours)
Number of . . Total Cost 18 x 14.7 264.6
Failures 18 times MTTR 72118 72+18 4hours  for 6 months million million
MTBF /
Total I 173.3 1 0.977
Downtime 72 hours Availability ('\l\ﬂgg; (173.3 +4) (97.7%)
Source: Primary data processed by researchers (2025)
Table7.Reliability and Total Cost Post-Optimization
Indicator Formula Calculation Results c Cost Calculation Mark
omponents
Downtime 12 x4 48 hours (=49 49 hours  Corrective Cost 12 x .14'7 176.4 million
hours) million
Th&‘}rgtgca' 3120/ 12 3120+12 260 hours Numberof PM  3120/140 22 cycles
Effective
173.3 x 222.5 . 22x1.2 .
MTBF 1284 222.5 hours hours Preventive Cost million 26.4 million
(Renewal)
I 2225/ . 0.982 Total System -
Availability (222.5 + 4) 222.5+226.5 (~98.8%) Cost 176.4 +26.4  202.8 million
Actual Totgl (Wlth system 205.1 million
variations)
Source: Primary data processed by researchers (2025)
Table8.Performance Comparison Before vs After Optimization
Indicator Before After Improvement Indicator Formula Results
Failure
MTBF 173.3 hours  222.5 hours 28.40% Reduction (18-12)/18 x100% 33.30%
Downtime ~ 72hours 49 hours ~31.9% Reduced  75_49)75 x100%  31.90%
Downtime
Number of _ o Cost (264.6-205.1)/264.6 o
Failures 8 12 333%  Reduction x100% 22.50%

Bamban Handriyanto™|7


https://journals.poltekdriyorejo.ac.id/

Content list available at Politeknik Driyorejo Publisher

d Journal of Applied Manufacturing Technology
|| Vol. 1, No. 1, 2026, pp. 1-12
'. ISSN. Xxx-xxx (Print), ISSN. Xxx-xxx (Online)
Total Cost 264.6 205.1 22 5% _ OEE 83.6 - 71.2 12.40%
million million increase
Availability 97.70% 98.80% 1.10%
OEE 71.20% 83.60% 12.40%

Source: Primary data processed by researchers (2025)
3.2. Discussion

Failure identification using FMEA shows that the Sealing Jaw Heater component has
the highest RPN value of 280, which comes from a combination of severity (8), occurrence
(7), and detection (5). Overheating failure and temperature instability are the dominant risk
sources in the high-speed biscuit packaging system. Other components such as the Film
Pulling Motor and Cutter Unit are at a medium risk level (RPN 210), while the pneumatic
components, sensors, and gearbox have a relatively lower risk level. This finding directs the
focus of reliability analysis on the heater component as the main driver of system downtime.

The reliability analysis follows a Weibull distribution with a shape parameter () of 1.85
and a scale parameter (n) of 185 hours. A value of > 1 indicates a wear-out failure pattern,
where the probability of failure increases with increasing operating time. With a total operating
time of 3,120 hours and 18 failure events, the MTBF was 173.3 hours and the MTTR was 4
hours. System availability was recorded at 97.7%, but the total cost due to corrective
maintenance and downtime reached Rp 264.6 million in six months. Despite the relatively high
availability level, the financial consequences of failure remain significant.

Cost modeling for each failure event results in a loss of Rp 14.7 million, consisting of
direct repair costs and lost production. Integration of the Weibull reliability function into the
total cost model shows that the longer the preventive maintenance interval, the probability of
failure increases exponentially and drives an increase in the expected failure cost. Evaluation
at intervals of 100 to 180 hours shows an upward trend in total costs, so it is necessary to
determine the optimal interval that considers the balance between failure risk and preventive
costs.

The implementation of reliability-based maintenance at 140-hour intervals resulted in a
significant performance transformation. The number of failures decreased from 18 to 12
incidents, downtime decreased by 31.9%, and total system costs decreased to Rp 205.1
million. MTBF increased to 222.5 hours, or 28.4%, while availability increased to 98.8%. The
cumulative impact of this increased reliability is reflected in the increase in OEE from 71.2%
to 83.6%, or a 12.4% increase.

A reliability-based optimization approach not only reduces operational costs but also
improves the structural stability of production systems. The integration of FMEA, Weibull
modeling, and cost optimization produces a more precise decision framework than
conventional corrective or time-based maintenance strategies, particularly in packaging
systems with a predominant wear-out failure pattern.

4. Conclusions, Implications and Future Research

Implementing reliability-based maintenance at 140-hour intervals increased MTBF from
173.3 to 222.5 hours (28.4%), reduced downtime by 31.9%, reduced failures by 33.3%, and
reduced total six-month costs by 22.5%, with a significant increase in OEE by 12.4%.

This model strengthens data-driven maintenance decision-making and improves
operational efficiency in the high-speed food industry.

Further research could integrate real-time sensor-based predictive analytics and
machine learning for dynamic optimization of maintenance intervals.
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