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Discrete-event simulation is a valuable tool for optimising production
plants. The present study explores an automotive power cable wiring
assembly line’s process through four real case studies, modelled using
actual production data and simulated in ARENA software. Statistical
analysis using PRISM identified bottlenecks, waiting times, and work-in-
progress, offering key insights for improvement. The models are
adaptable to other assembly lines, with potential advancements in
scheduling and machine learning. By combining simulation modelling and
statistical validation, the study provides practical recommendations to
enhance efficiency, reduce waste, and improve performance in
automotive manufacturing.
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Diskrete-gebeurtenissimulasie is ‘n waardevolle hulpmiddel via die
optimering van produksie-aanlegte. Die huidige studie ondersoek die
proses van ‘n voertuig kragkabelmonteringlyn deur vier werklike
gevallestudies, gemodelleer met werklike produksiedata en gesimuleer
in ARENA-sagteware. Statistiese analise met PRISM het bottelnekke,
wagtye en werk-in-voortgang geidentifiseer, wat sleutelinsigte vir
verbetering bied. Die modelle is aanpasbaar vir ander monteerlyne, met
potensiéle vooruitgang in skedulering en masjienleer. Deur simulasie-
modellering en statistiese validasie te kombineer, verskaf die studie
praktiese aanbevelings om doeltreffendheid te verhoog, afval te
verminder en prestasie in voertuig vervaardiging te verbeter.
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1. INTRODUCTION

The automotive industry faces increasing demand for production efficiency, especially in complex systems
such as automotive wiring assembly lines. The wiring assembly process in the automotive industry is
complex and has a significant impact on product quality and cost. Despite extensive studies applying
simulation to optimise production lines, many overlook multi-case validation using actual production data
paired with statistical benchmarking. This creates a gap in understanding how simulations can be both
realistic and practically impactful in real-world environments.

This paper presents a simulation-based study aimed at optimising these processes, guided by real-world
case studies and statistical validation. The study investigates performance enhancement in an actual
automotive wiring harness assembly line through discrete-event simulation (DES), focusing on four
progressively complex scenarios from a real production environment. By integrating simulation modelling
with statistical validation, the study not only identifies operational bottlenecks and resource inefficiencies
but also evaluates targeted improvements. The contribution extends beyond empirical analysis by
positioning simulation-driven decisions within a broader framework to optimise a production system. This
research aims to bridge the gap between diagnostic modelling and prescriptive improvement, addressing a
common limitation in the applied simulation literature.

The objective of the present research is to develop and validate a simulation-based methodology for
automotive power cable harness lines. The proposed methodology uses DES using ARENA software,
complemented by statistical verification using GraphPad Prism. The objectives of the present study are to
model existing assembly lines (“as-is”) based on real production data, to identify inefficiencies and
bottlenecks, to validate simulation reliability through statistical analysis, and to propose a replicable
framework for production line optimisation. For confidentiality, the company providing data is referred to
as “Cables LE” as depicted in Figure 1.

Figure 1: Schematic layout of a typical automotive wiring system assembly line. This figure illustrates
the complexity of multi-stage wiring processes and highlights why simulation modelling is essential to
optimise layout and task allocation.

(Source: Cables LE proprietary production data, used with permission)

Simulation has been widely applied to optimise production lines, addressing problems such as unreliable
machines and stochastic intermediate buffers. Studies have modelled real-world cases to analyse line
performance, bottlenecks, and inefficiencies [17], [18]. For instance, DES was used to model production
lines using historical data, revealing key probability distributions for machine downtime and uptime [18].
In [1], DES analysed the waiting times in a university printing shop, providing valuable operational insights.

Balancing and scheduling assembly lines have been pivotal research areas. Assigning tasks to workstations
along assembly lines using simulation models and genetic algorithms enhanced efficiency in automotive
wiring systems [8]. In addition, methods to reduce cycle time and time losses in vehicle assembly lines were
explored [10]. Some studies focused on scheduling automated guided vehicles alongside machines in
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flexible manufacturing systems, incorporating simulation techniques [20]. Simulation-based optimisation
has also enhanced garment assembly line scheduling [3].

Researchers have integrated advanced techniques such as fuzzy logic and machine learning with simulation
models. For example, combining DES with adaptive neuro-fuzzy inference systems mapped production rates
against dominant factors, boosting accuracy [19]. Other innovations include modelling mixed assembly lines
in Industry 4.0 [4] and virtual environment simulation for cable layout design [12].

Recent studies have continued to evolve simulation applications. Assembly line balancing, sensitivity
analysis, and process optimisation using simulation software such as ARENA have been prominent [6], [9].
Specific applications include developing simulation training guidelines [9] and optimising wiring harness
logistics flows [15]. In addition, methodologies integrating lean approaches with simulation have improved
productivity in multi-model assembly lines [5]. Simulation models for wire harness design and car
production lines have also been refined using the SimPy library [14]. Function-integrated harness design
was explored using additive manufacturing, underscoring the evolving complexity of assembly lines and the
need for adaptable modelling tools [23]. Meanwhile a hybrid optimisation framework was introduced
combining Harris Hawks metaheuristics with cellular automata, illustrating how algorithmic intelligence
can enhance system-level simulation performance - a concept that informs future integration with tools
such as KNIME [22]. The proceedings from CoMSO 2021 [24] further emphasised the rising role of simulation-
led optimisation in industrial engineering, reinforcing the methodological foundation for extending the
current study with machine-learning-based analytics and dynamic scheduling.

To address the problems outlined above, a simulation-based methodology was developed, as detailed in
the next section.

2. THE PROPOSED METHODOLOGY

This section details the simulation framework, statistical methods, and data analytics tools used in our
study. Emphasis is placed on model construction, validation techniques, and workflow design using ARENA
and GraphPad Prism.

ARENA simulation software models production lines as event-driven systems involving entities, processes,
resources, and queues. The simulation inputs include process flow, timing data, resource availability,
arrival rates, and capacity limits [2,11].

2.1. Model assumptions

The simulation models are built on the following assumptions:

e Timing and flow data are derived from operational records but streamlined for simulation
accuracy.

e Machine and operator behaviour is modelled using average performance over several production
weeks.

e Rework stations reflect the real layout but are abstracted for simplicity.
e Variability is constrained within documented historical performance parameters.

These assumptions ensure that models reflect real-world conditions sufficiently to enable decision-making,
while acknowledging that simulations are simplifications.

2.2. Hypothesis test setup

For each case study, the simulated weekly output was compared with the corresponding actual recorded
values using one-sample statistical hypothesis testing in GraphPad Prism. The null hypothesis (Ho) is that
the simulated and actual outputs are not significantly different, which would indicate strong model
alignment. The alternative hypothesis (H1) is that the simulated and actual outputs are significantly
different. A smaller p-value (< 0.05) would suggest that results are unlikely under the null hypothesis,
indicating a weak model alighment. A larger p-value (> 0.05) would mean that the data does not offer
strong enough evidence to reject the null hypothesis, so it is typically retained, indicating a strong model
alignment. (This point related to the significance of the p-value was addressed in [21].)
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In the present study (as shown in Figure 2), four case studies were considered. The first three represent
actual assembly line cases. The fourth shows the process related to implementing product design changes.
The targeted case studies were:

e Case Study 1: Direct cable assembly

e Case Study 2: Triple cable with T terminal

e Case Study 3: Sample cable

e Case Study 4: Change management processing

Each one was modelled using actual battery power cable production line data from Cables LE for every
station. Modelling and simulation for each production line in the four case studies were performed in the
ARENA software base environment. The simulation was based on weekly output for each line, the production
week being six days with eight working hours in total. Each line was simulated, with 45 replications
representing working calendar production weeks (except for the fourth case, replicated 20 times) to
validate that the average simulated weekly output matched the actual. For each case study line, the
simulated results for every replication versus the actual output per week were exported into PRISM
software, where a test hypothesis was performed to identify the p-value. Then normality and scattered
plots were sketched in the software.

This section applies the proposed methodology to four real-world case studies.

4 \
s Collect real-world assembly line
Data acquisition
data
. J
4 l \
Model design (ARENA) Build discrete-event simulation
models
. J
4 l \
Statistical Validation
(GraphPad)
A l g Build discrete-event simulation
models
4 \
Run hypothesis test
Compare output vs. real
. J
4 l \
Refinement & feedback Optimise and iterate based on
loop findings
. J

Figure 2: Methodological workflow for simulation modelling and validation. The diagram shows the
stages from case study selection, data acquisition, and ARENA model development to statistical
analysis in GraphPad Prism and iterative model refinement.

3.  RESULTS OF THE PROPOSED SIMULATION MODELS

This section applies the proposed methodology to four distinct wiring assembly case studies. Each case
reflects varied production settings, allowing for comparative analysis and demonstration of our model’s
flexibility.

3.1. Case Study 1: Direct cable assembly (as-is model)

Case 1 (Figure 3) models a mid-complexity cable harness assembly process involving two separate terminal
crimps, followed by sequential downstream operations. The line features eight entities, eight processes,
five quality checkpoints, four rework stations, and eight operators. Production begins with separate
terminal crimping for each end of the cable, each handled by a different operator using dedicated bench
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crimpers. These are followed by tape wrapping, heat shrink application, intermediate testing, and final
labelling before packing. Operators rotate between stations, based on cable type and daily output demands,
which introduces variability in processing times. The direct cable assembly line is considered.

Figure 3: ARENA simulation model of Case Study 1: Direct cable assembly line. The model captures
key entities, processes, quality checkpoints, and rework stations used in current operations at Cables
LE.

Figure 4 shows that the assembler and packing operator demonstrate a 100% utilisation rate, indicating
they are always busy during the simulation period. Moderately used resources are bench press: ~66.5%,
heat shrink machine: ~35.2%, test station: ~24.8%, solder machine: ~-12.4%, and tube cutting machine:
~10.9%. As for underused resources: resource 1, resource 2, and resource 3 have use rates below 50%,
suggesting that they are not fully leveraged.

Scheduled Utilization fAinimum FMaximum
Average Halt Width Average Average

Assembler 1.0000 0.00 1.0000 1.0000
Bench Press 0.6652 0.00 0.6649 0.6657
Heat Shrink Machine 0.3517 0.00 0.3514 0.3523
Packing Operator 1.0000 0.00 1.0000 1.0000
Resource 1 0.1392 0.00 0.1392 0.1392
Resource 2 0.2990 0.00 0.2969 0.2019
Resource 3 0.4761 0.00 04758 0.4766
Selt 0.00 0.00 0.00 000
Solder Machine 0.1244 0.00 0.1241 0.1247
Test1 0.2479 0.00 0.2476 0.2481
Tube Cutting Machie 0.1098 0.00 0.1077 0.1128
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Figure 4: Resource utilisation report for Case Study 1. The chart highlights overburdened stations
(e.g., assembler, packing operator) and underused resources, suggesting imbalances affecting
throughput.
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Figure 5 shows that the assembly queue and packing queue have high average waiting times (10.98 and
15.66 minutes respectively). Other queues such as the bench press, the solder machine, and the heat shrink
sleeve (HSS) machine have average wait times of around six minutes. Clearly the assembler and packing
operator are overworked, operating at 100% capacity, which creates delays in downstream processes. The
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packing queue has a high number of entities waiting. Prolonged queue times in the assembly (10.98 hours)
and test (10.90 hours) stages indicate potential bottlenecks in these production stages.

|Queue |
Time
Waiting Time Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value
Assembly.Queue 11.0005 0.00 10.9837 11.0098 0.4687 21.7072
Batch 1.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Batch 2.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Batch 3.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Batch 4.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Bench Press 1.Queue 5.9464 0.00 5.9384 5.9562 0.2244 11.6883
Cable Cutting.Queue 0.2310 0.00 0.2280 0.2341 0.00 0.6337
HSS Machine.Queue 5.8675 0.00 5.8599 5.8798 0.1999 11.8470
Packing.Queue 15.7952 0.02 15.6621 15.9157  0.01489903 31.7832
Solder Mc.Queue 5.8020 0.00 57819 5.8254 0.00534167 11.8599
Test.Queue 10.9212 0.00 10.9053 10.9358 0.4771 21.6997
Tube Cutting.Queue 0.2261 0.00 0.2233 0.2295 0.00 0.7064
Other
Number Waiting Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value
Assembly.Queue 1090.25 0.24 1087.92 1093.08 38.0000 2134.00
Batch 1.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 2.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 3.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 4.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Bench Press 1.Queue 235.70 0.04 23541 236.04 0.00 475.00
Cable Cutting.Queue 45764 0.01 45174 46374 0.00 20.0000
HSS Machine.Queue 373.77 0.08 373.38 374.71 0.00 759.00
Packing.Queue 489.89 0.39 486.94 492.59 0.00 976.00
Solder Mc.Queue 181.25 0.06 180.76 181.81 0.00 376.00
Test.Queue 608.75 0.10 607.80 609.46 33.0000 1200.00
Tube Cutting.Queue 4.4788 0.01 4.4242 45468 0.00 20.0000

Figure 5: Screenshot of Queue report for Case Study 1: Direct cable assembly. The figure shows
waiting times in multiple stations, identifying packing and assembly queues as major bottlenecks.

The simulated model passed the test hypothesis with a p-value of 0.259 (> 0.05), which indicates that the
simulated weekly output does not differ significantly from the actual recorded values, suggesting a strong
model alignment. The median value of the number of pieces per week appears close to 500 (Figure 6) with
a range from 480 to 510. There are two outliers out of 45 readings. The data seems consistent, with most
values tightly clustered around the median. The presence of outliers shows extreme values that might
indicate potential assembly line malfunction.

560+
540+
520
500
4804

4604

440

Figure 6: Box plot comparing simulated weekly output for Case Study 1 with actual production data.
Most output values are tightly clustered around the median (~500 units), supporting simulation
accuracy and consistency.
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3.2. Case Study 2: Triple cable with T terminal (as-is model)

Case 2 (Figure 7) models a high-complexity cable harness assembly involving three separate wires joined
at a T-terminal station before progressing through shared downstream processes. The line has 18 entities,
18 processes, 12 quality check points, eight rework stations, and 18 operators. The process begins with
individual cable preparation; each is routed through dedicated bench press stations, and then they converge
at a T-terminal station designed for multi-cable integration. This joining process is labour-intensive and
prone to queuing because of its shared resource structure. The operators manage both pre-assembly and
post-assembly tasks, with the transitions between taping, heat shrink application, and testing requiring
tight coordination.

Figure 7: ARENA simulation model of Case Study 2: Triple cable with T-terminal assembly. This model
illustrates increased process complexity, with 18 entities and multi-cable joining points at T-terminal
stations.

Figure 8 shows the simulated output of the second case study line. The highest work-in-progress (WIP) value
is at entity 3 at the start of the assembly process (the cable store area, where semi-finished goods are
stored). The maximum waiting time and the greatest number of pending pieces are at the packing area
(the end of the assembly process), followed by the bench press processes (the T-terminal station being the
highest, as it represents the pre-assembly of three separate cables at a single station). The system
processed 332 entities per week during the replication period. The average total flow time was 13.38
minutes, with a reported maximum of 25.99 minutes per product. Entity 3 experienced the longest average
wait time, highlighting a significant delay.
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Figure 8: Resource use for Case Study 2: Triple cable assembly. The chart visualises operator

workload and machine use, highlighting the assembler and the packing operator as critical pressure

points.

The packing queue has the highest waiting time of all the queues (Figure 9). The assembler and packing
operator are the primary bottlenecks. The packing queue has many entities waiting, indicating that packing
operations are overloaded. The assembly queue and the test queue also show considerable waiting times
(1.39 hours and 1.37 hours respectively). Resources such as bench presses, the heat shrink machine, and
the solder machine have long waiting times relative to their capacity.

|Queue

Other
Number Waiting Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value
Assembly.Queue 70.8855 0.10 70.1672 716822 0.00 151.00
Batch 1.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 10.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Batch 11.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 12.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 2.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 3.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 4.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 5.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 6.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Batch 7.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 8.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 9.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Bench Press 1.Queue 1.9751 0.02 18157 21794 0.00 16.0000
Bench Press 2.Queue 165.51 213 152.69 178.96 6.0000 346.00
Bench Press 3.Queue 167.04 165 15331 177.00 6.0000 342.00
Bench Press T.Queue 26346 183 24963 273.95 13.0000 534.00
Cable Cutting.Queue 29148 0.01 28634 29523 0.00 15.0000
HSS Machine1.Queue 1.2566 0.02 1.1502 1.3843 0.00 13.0000
HSS Machine2.Queue 837302 0.00 837302 83.7302 5.0000 165.00
HSS Machine3.Queue 83.7302 0.00 83.7302 83.7302 5.0000 165.00
Mould Mc.Queue 16.7460 0.00 16.7460 16.7460 1.0000 33.0000
Packing.Queue 54395 0.31 54163 54566 0.00 1075.00
Solder Mc1.Queue 0.4150 0.01 03138 0.5040 0.00 14.0000
Solder Mc2.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Solder Mc3.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Test.Queue 66.3487 0.09 65.7158 67.0559 0.00 147.00
Tube Cutting. Queue 45759 0.01 45059 46854 0.00 20.0000

Figure 9: Queue report for Case Study 2. Elevated waiting times are evident in the packing and
assembly queues, with prolonged delays also observed at the T-terminal bench press processes.
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The simulated model passed the test hypothesis with a p-value of 0.1884 (> 0.05) which indicates that the
simulated weekly output does not differ significantly from the actual recorded values, indicating a strong
model alighment. The median value of the number of products per week is around 330, with a range from
320 to 335 (Figure 10). This shows that the middle 50% of the data lies in this range. The whiskers extend
from around 300 to 350. These are two extreme values that deviate significantly from the rest of the data,
which concurs with the reported bottlenecks in this production line.

300

Figure 10: Box plot for Case Study 2 output distribution. The plot shows a median of about 330 units
per week, with outliers reflecting production variability and potential inefficiencies.

3.3. Case Study 3: Sample cable (as-is model)

In this model (Figure 11), a sample phase cable assembly line is considered. This model reflects a simplified
assembly line, used primarily for low-volume or prototype cable production. The system has four entities,
four core processing stations, three rework stations, and four operators. The workflow begins with terminal
crimping and soldering, followed by heat shrink sleeve application and final quality inspection. Given the
simplicity of the process, most stations operate independently with minimal interaction or sequencing
constraints. However, initial observations revealed a mismatch between resource availability and actual
workload, with the operators often idle and the equipment underused.

Figure 11: ARENA simulation model of Case Study 3: Sample phase cable assembly. A simplified line
layout is depicted with fewer entities and resources, aimed at understanding low-throughput
scenarios.

Figure 12 shows the simulated output of the sample phase cable line. It is noticed that the highest WIP
value is at entity 3 at the HSS process. The maximum waiting times are at the terminal bench press and
the solder machine station respectively. The maximum number of waiting pieces is before the packing
process. The packing operator has the highest use (46.1%), followed by the bench press (6.9%) and resource
3 (5.1%). Most resources, including the assembler, heat shrink machine, solder machine, and test station,
have use rates each below 4%. All other resources are significantly underused, implying an oversupply of
resources and/or an inefficient workflow.
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Scheduled Utilization
Average

Half Width

Minimum
Average

Maximum
Average

Assembler 0.03873329 0.00 0.03873082 0.03873555
Bench Press 0.06907961 0.00 0.06905283 0.06953209
Heat Shrink Machine 0.03556738 0.00 0.03554125 0.03601959
Packing Operator 0.4607 0.00 0.4532 0.4702
Resource 1 0.00277470 0.00 0.00277341 0.00277609
Resource 2 0.01800144 0.00 0.01799867 0.01800304
Resource 3 0.05107816 0.00 0.05105132 0.05153078
Set1 0.00 0.00 0.00 0.00
Solder Machine 0.01551079 0.00 0.01550858 0.01551317
Test1 0.03873329 0.00 0.03873082 0.03873555
Tube Cutting Machie 0.00 0.00 0.00 0.00

—EL—I:[_J

Figure 12: Resource utilisation for Case Study 3: Sample cable assembly. Most resources appear

significantly underused, indicating potential oversupply or workflow inefficiencies.

Figure 13 shows that the queue times for all resources and processes of the sample phase cable assembly
line are minimal, indicating that bottlenecks are not severe at individual stages.

Number Waiting Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value

Batch 1.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 2.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Batch 3.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Bench Press 1.Queue 0.3756 0.01 0.3256 0.4576 0.00 3.0000
Cable Cutting.Queue 0.07526882 0.01 0.00 0.0968 0.00 1.0000
HSS Machine.Queue 0.3419 0.01 0.2795 0.3833 0.00 2.0000
Packing.Queue 0.7397 0.01 0.6848 0.7864 0.00 4.0000
Solder Mc.Queue 0.1195 0.01 007837011 0.1485 0.00 2.0000
Test.Queue 0.00237371 0.00 0.00216707 0.00246738 0.00 1.0000

Figure 13: Queue report for Case Study 3. Minimal queue accumulation is observed, suggesting that
issues are related more to process allocation than to task congestion.

Figure 14 is box plot for the sample phase cable assembly line shows an average output of about 76 pieces
per week. The simulated model passed the test hypothesis with a p-value of 0.2408 (> 0.05). The median
is around 70, representing the central value of the data set. The interquartile range (IQR) spans from about
65 to 78. The whiskers extend from 50 to 90. These outliers show extreme deviations in the data. The data
distribution is balanced with no significant skewness, showing moderate variability, with the IQR relatively
compact but not overly narrow. The outliers could represent a fundamental nonconformity in the

production line.

1004

Figure 14: Box plot of simulated weekly output for Case Study 3. Output averages ~76 units per
week, with the distribution suggesting stable performance except for a few extreme deviations.
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3.4. Case Study 4: Change management processing (as-is model)

Case Study 4 (Figure 15) departs from physical cable production and instead simulates the processing of
engineering change requests (ECRs) in departmental workflows. The simulation includes a single ECR entity
flowing through nine organisational units, including production engineering, design review, logistics, and
quality assurance. This administrative process is time-sensitive, with each department responsible for
analysing, approving, or implementing aspects of the proposed change. The production engineer serves as
the initial gatekeeper, being responsible for feasibility studies and task delegation - a role found to be
severely overburdened in practice.

Figure 15: ARENA simulation model of Case Study 4: Change management process. This figure models
non-physical workflows involving engineering change requests passing through nine departments.

Figure 16 shows the simulated output of the fourth case study line. WIP is not considered, as no physical
components are involved. The maximum queue was recorded at the production engineering department,
as it is the main area leading to the change and the first to study the related documents and their
applicability, followed by the technical departments. The production engineer is fully used (100% use).
Manufacturing technicians are highly used (78.64%). The change coordinator shows moderate use (62.62%).

1.000
0.800 B Aszembier

B Bencn Prezs

D Crange Coordnatr
0.800 0 Hext 2henk Machine

0 Man Tech

[ Frog Engineer
0.400 0 Rescurce |

0 2et!

@ 2cider Machine
0200 0 Tude Cuttng Macie
0.000

Figure 16: Use report for Case Study 4. Key roles such as production engineers and manufacturing
technicians are shown to be highly used, with capacity limitations leading to delays in
implementation.

Figure 17 shows that wait time is minimal in most queues, except for the manufacturing technician, with a
wait time of five hours; the production engineer shows the maximum waiting time of 9.14 hours. At 100%
use, the role of the production engineer is a clear bottleneck, delaying downstream processes, followed by
the manufacturing technician with significant queue times.
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Queue I

Time
Waiting Time Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value
Change Coordinator 1.Queue 000 0.00 0.00 0.00 0.00 0.00
Manufacturing Techician.Queue 0.5533 034 0.00 5.0000 0.00 15.0000
Production Engineer.Queue 1.8635 0.70 0.00 91429 0.00 16.0000
Other
Number Waiting ) Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value
Change Coordinator 1.Queue 0.00 0.00 0.00 0.00 0.00 1.0000
Manufacturing Techician.Queue 0.0961 0.06 0.00 0.8649 0.00 3.0000
Production Engineer.Queue 0.2611 0.10 0.00 1.2973 0.00 4.0000

Figure 17: Queue report for Case Study 4. Prolonged wait times are concentrated at the production
engineering and manufacturing technician stages, indicating approval and coordination bottlenecks.

It appears that, in most of the studied weeks, only a single change is processed each week (Figure 18). The
simulated model passed the test hypothesis with a p-value of 0.0828 (> 0.05).

Figure 18: Box plot of Case Study 4 change processing rates. Most simulated outputs show one change
processed per week, confirming modelling alignment with actual operational constraints.

While this study does not directly implement operational improvements, the validated simulation models
offer insight into the structure and dynamics of automotive wiring assembly lines. Bottlenecks, underused
resources, and congestion points have been identified through a quantitative analysis of queuing behaviour,
resource use, and output distribution. These findings lay the foundation for a second phase of research, in
which KNIME analytics and machine learning techniques will be integrated to explore predictive modelling,
workflow reallocation, and dynamic scheduling. The current results serve as a diagnostic baseline, against
which the impact of future interventions will be assessed.

The discussion that follows synthesises insights from the simulations and statistical validation.
4. DISCUSSION

This analysis summarises the outcomes from the simulations and the statistical testing, and offers insights
into throughput, resource efficiency, and model robustness. The implications for production planning and
future model extensions are discussed.

Optimisation strategies in manufacturing - such as lean scheduling heuristics and rule-based resource
planning - often rely on static assumptions and limited real-time feedback. In contrast, the validated
discrete-event simulation framework presented here enables a more flexible and data-rich representation
of assembly processes. Although this paper does not execute improvements or benchmark alternative
methods, the framework lays the groundwork for comparative evaluation in upcoming research. By coupling
the present simulation logic with machine-learning tools such as KNIME, future studies will target intelligent
automation, adaptive scheduling, and process improvement in diverse wiring harness configurations. These
directions align with emerging theoretical models in smart manufacturing and simulation-based analytics,
suggesting a broader role for hybrid digital tools in industrial engineering practice.
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In the first case study, direct cable assembly, the simulated model highlighted potential malfunctions in
the assembly and packing stations. In Case Study 2, triple cable with T terminal, the simulation modelling
identified a prominent delay (1.39 hours per week) in the cable store area where semi-finished goods are
stored at the start of the assembly process. As for Case Study 3, the sample cable, the simulated model
showed an oversupply of resources and/or an inefficient workflow. Most resources, including the assembler,
the heat shrink machine, the solder machine, and the test station, have use rates below 4%. In Case Study
4, change management processing, the simulation declared that in most of the considered weeks, the
capacity was sufficient to process only a single change per week. Nevertheless, in some weeks, two changes
could be implemented. This was a result of delaying downstream processes following the production
engineering role.

The simulation results have wider implications for production line management and continuous
improvement in manufacturing. Identifying bottlenecks through modelling enables targeted interventions
- such as reallocating labour, rescheduling stations, and redesigning layout configurations. Moreover, the
statistical validation of simulated outputs establishes confidence in predictive modelling as a reliable
support tool. By confirming consistency in four distinct case studies, this methodology demonstrates
scalability to other wiring systems or even to parallel assembly processes in different industries. Simulation
modelling, when validated with robust statistical tools, bridges the gap between theory and practice,
offering operational transparency that can inform strategic decisions.

5. CONCLUSION

This paper demonstrates how simulation modelling, paired with data analytics, could enhance the study of
wiring assembly line performance. The findings support data-driven decision-making and provide a
foundation for further industrial research and development that will follow in the near future with the next
research work.

A comprehensive simulation analysis of power cable harness line was conducted, focusing on different
processes, material flow, and component assembly. Bottleneck stations and inefficiencies were identified.
Therefore, the prospects for manufacturing optimisation ought to be addressed. This work could be the
basis for applying several improvements related to manufacturing process adjustments, using tools such as
computational programming, data-driven learning, and artificial intelligence algorithms.

This study developed and validated a simulation methodology for automotive wiring assembly lines using
discrete-event modelling and statistical testing. Key inefficiencies were identified, providing a pathway for
improved productivity. Future work will explore the integration of machine learning into simulation
environments to support predictive maintenance, dynamic workforce scheduling, and adaptive process
control. The approach may also be extended to multi-product or hybrid manufacturing lines, using real-
time data feedback via digital twin architectures. These directions underscore the potential of simulation
modelling not only as an analytical tool, but also as a strategic platform for the evolution of smart
manufacturing.
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