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Line Balancing and Promodel Simulation with ANN
Prediction for Spare Part Production of an Oil
Company

15t Juwika Rati
Industrial Engineering Dept
Universitas Tarumanagara
West Jakarta, Indonesia
juwika.545220044@stu.untar.ac.id

Abstract— PT XYZ manufactures components for the oil
and gas sector. Although the company faces challenges with PT
XYZ's X-Over line (one of the company's highest-volume
products), the line's unproductive time is also a challenge.
Negative, unproductive time challenges during production
processes reduce overall efficiency, thereby hindering the
company's ability to meet its daily targets. The current study
focuses on line balancing to address the issues described with the
production lines. The specific methods for the current study
include line balancing with the Kilbridge-Wester, Helgeson-
Birnie, Moodie-Young, and J-Wagon techniques to establish
conventional methods. After implementing production line
balancing, production efficiency increased from 20.07% to 76%
with the addition of an ID machine, which is the longest process
on the production line. The addition of machines in this study
was also based on production unit demand for the following
month, using the Artificial Neural Network method. The
company expects the advancements to reduce unproductive time
and resource waste, thereby improving overall efficiency and PT
XYZ's competitive advantage in the oil and gas sector.

Keywords— line balancing, line efficiency, cycle time,
balance delay, smoothness index, artificial neural network.

I. INTRODUCTION

During Industry 4.0, the manufacturing industry faces
greater global competition. For customers, the most critical
factor is the industry's relative efficiency and productivity. A
common and perhaps most important challenge is the
imbalance of workflow and line balancing, leading to
unproductive phases at some production stations and extended
periods of inactivity at others. Such a scenario can reduce
overall production output, increase waiting times, disrupt
daily goals, and ultimately diminish net profits. Adaptive
approaches to balancing production lines have relied on
conventional heuristics and often become rigid when
operational processes change, such as due to demand
fluctuations, variations in working hours, or unplanned
machine breakdowns. [1].

Due to the outstanding complexity and high precision of
components in the oil and gas industry, as well as the high
modularity of end products, challenges arising in the oil and
gas sector, particularly on the X-Over line, are becoming
increasingly severe and urgent. For PT XYZ, the Oil and gas
spare parts manufacturer, and for PT XYZ, for high volume
X-Over lines, the first steps of the X-Over line exhibit
increasing severity and urgency. The most significant
challenges arise at the first steps of the X-Over line, where
there are significant backlogs in the primary integration
finishing steps, during which units are held for assembly[2].
In contrast, testing completed components, including those
tightly coupled, is discouragingly unscheduled [3].
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Consequently, the global market performance and the
industry's resilience are negatively impacted. This condition is
due to the failure to maintain the industry threshold for overall
equipment effectiveness (OEE). Although previous literature
reviews have explored the optimisation of production line
balancing through traditional methods, the application of these
methods to discrete assembly lines such as X-Over is still
minimal, mainly because solving this line balancing problem
is also aided by forecasting unit demand for the coming year

[4](51C6][7].
II. LITERATURE REVIEW

A. Line Balancing

Line balancing is a process used to evenly distribute the
workload across each stage or workstation in the production
line. The main objective of line balancing is to minimise
waiting and idle time so that the line aligns with the
predetermined production cycle time. The flow mapping
approach in the manufacturing industry emphasises balance,
thereby facilitating efficiency improvements and reducing
waste [8].

B. Line Balancing Method

e The Killbridge-Wester method provides a framework
for anticipating potential inaccuracies and maintaining
operational competence and time consistency on the
production line. Tasks are allocated to specific
production units so that the time required to complete
each task in each unit is aligned with the desired cycle
time, with minimal time differences and congestion.

[9].

e Hegelson Birnie, also known as rank-position
weighting (RPW), helps prioritise task assignments to
improve production line balance by consolidating
workloads based on task completion time and
sequence within the task dependency structure. [10].

e Moodie Young focuses on balancing efficiency
through various approaches to task allocation. This
method emphasises prioritising tasks by hierarchy and
time requirements to ensure timely completion and
minimise congestion. This approach has been proven
effective in efficiently reducing idle time, thereby
improving the smoothness index on the production
line. [11].

e The J-Wagon method is carried out by combining
position analysis measured based on time for a
sequence of mandatory tasks consisting of sequence
diagrams and elements sorted by time. Tasks are sorted
by position and balanced by distance to the final



