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Abstract

The on-time delivery rate in a metalworking company is a key indicator because it reflects operational efficiency,
productivity, and customer satisfaction in an environment that requires strict adherence to manufacturing deadlines.
In this type of company, delayed orders generate cost overruns, contractual penalties, and a gradual loss of
competitiveness. The objective of this research was to increase the on-time delivery rate through the DMAIC
methodology, implementing two industrial engineering tools: work standardization and the 5S methodology. To
achieve this, an applied improvement design was developed, incorporating a computer simulation using Arena
software and a controlled pilot test. The results showed that the on-time delivery rate increased from 36.7% to 73.3%,
closing 62.8% of the technical gap relative to the sector. This improvement generated key benefits, such as reduced
cycle time and rework, lower operating costs, better work organization, and enhanced process sustainability. The
contribution of this research lies in providing a low-cost and highly applicable improvement model for small
companies in the sector. Future research may replicate the model in other areas of the production process, assess the
consolidation of the results, and further analyze the interaction among standardization, workplace organization, and
operational performance in metalworking workshops with similar characteristics.
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1. Introduction

The case study focuses on a Peruvian metalworking workshop dedicated to the fabrication of heavy-duty truck bodies
and customized metal structures, which operates within the manufacturing sector under a make-to-order production
strategy. This type of company plays an important role in the national economy; however, micro and small
metalworking enterprises commonly exhibit operational informality, limited process control and high variability in
production times, which negatively affect their productivity and delivery performance (Jara et al. 2023). Furthermore,
on-time delivery is considered one of the most critical indicators in make-to-order environments, since customers
expect strict compliance with promised dates to avoid operational disruptions and financial penalties (Rossini et al.
2019).

At the level of the sector, metalworking companies face recurring challenges related to material shortages, rework,
low standardization and deficiencies in production planning. These issues generate delays, cost overruns and
variability in operational results. While companies with established production systems achieve on-time delivery rates
close to 95%, many small workshops struggle to maintain consistent performance due to the absence of standardized
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work methods and limited workplace organization. These difficulties are aligned with findings in the literature, which
highlight that small metalworking firms often lack continuous improvement practices and structured management
tools that guarantee stable operational results (Qureshi and Mewada 2025).

Within this context, the company analyzed in this study experiences similar challenges. The workshop presents an
average cycle time of 41 days, an on-time delivery rate of only 41.38%, and long search time for work tools. The
economic impact of these delays is substantial. In 2024, the company incurred US$ 10,413.96 in overtime payments,
USS$ 233,500 in lost business opportunities mainly associated with the cancellation of a contract for six truck bodies,
and US$ 32,427.20 in penalties for late deliveries. These results demonstrate that delivery delays not only reduce
profitability but also weaken the company’s competitiveness and limit its ability to secure recurring contracts.

To better understand the causes of the problem, a diagnostic analysis was conducted. A Pareto chart revealed that the
main contributors to the delays were the variability in processing times during the lower-body assembly stage, a high
rework rate of 34.48 percent in the painting area, and excessive time spent searching for tools due to the lack of
workplace organization. Complementary tools, such as the Ishikawa diagram and the problem tree, showed that these
issues originate from the absence of standardized procedures, insufficient visual controls and limited order and
cleanliness in the work environment. These findings correspond with previous studies indicating that metalworking
workshops require structured methods to reduce variability and improve production reliability.

Based on the identified issues, this article seeks to analyze whether Work Standardization and 5S can improve the
operational performance of the company by reducing cycle time, rework and delays. The study follows DMAIC
methodology to ensure a systematic approach to problem identification, solution design and validation. The results
obtained provide evidence of the relevance of standardized work and workplace organization for improving delivery
performance in make-to-order environments. The following section presents the general objective and specific
objectives that guide this research.

1.1 Objectives
e Diagnose the current situation of the metalworking sector and the operational problems affecting delivery
performance in the case study.
e Design an improvement proposal based on Work Standardization and 5S to reduce delays, variability and
rework in the production system.
e Validate the proposed solution and its sustainability through simulation and a pilot test, ensuring
improvements in on-time delivery, cycle time and operational performance.

1.2 Literature Review

Several studies indicate that the metalworking sector in Latin America is characterized by operational informality,
limited production planning and insufficient process control. These conditions generate delays, rework and low
productivity (Jara et al. 2023). These problems are more frequent in micro and small enterprises, where the lack of
standardized methods increases process variability and makes it difficult to meet delivery dates promised to customers
(Mendoza-Galvis et al. 2024).

In make-to-order environments, the on-time delivery indicator is considered a critical factor for competitiveness, since
customers depend on strict delivery dates to avoid operational disruptions and financial losses (Rossini et al. 2019).
Recent research shows that on-time delivery levels below 80 percent affect commercial continuity and lead to frequent
penalties, especially in metalworking workshops with variable production processes (Pianto-Hora et al. 2023). Other
studies report that a significant part of total lead time is associated with non-productive activities such as waiting for
materials, unnecessary movements and long tool search times. These inefficiencies are mainly linked to the lack of
workplace organization and basic control mechanisms (Ingar Medina 2023).

Recent empirical studies highlight that work standardization plays a key role in reducing operational variability and
strengthening process reliability in small and medium-sized manufacturing firms. Standardized methods improve
repeatability, facilitate operator training, and reduce rework by establishing clear sequences and defined task
parameters (Santos et al. 2021). In metalworking environments, evidence shows that implementing method and time
standards in critical processes, such as assembly and painting, leads to reductions in cycle time and improvements in
process stability, particularly in workshops with limited technological resources (Mendoza-Galvis et al. 2024).
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Complementary literature also emphasizes the advantages of combining workplace organization tools such as 5S with
process validation mechanisms like simulation. Studies demonstrate that 5S significantly reduces search time,
eliminates unnecessary movements, and improves resource availability by establishing orderly and visually controlled
work environments (Fitri and Putra 2024; Oleksiak et al. 2025). Likewise, discrete-event simulation has proven
effective for evaluating improvement scenarios before implementation, allowing companies to estimate impacts on
cycle time, bottlenecks and on-time delivery without interrupting production (Dias et al. 2022; Gunreddy et al. 2022).
In addition, investigations highlight that SMEs often face barriers such as resistance to change and limited training,
making pilot tests essential for validating feasibility and ensuring sustainability of the improvements (Maware and
Parsley 2022).

2. Methods

The present research was categorized as an applied improvement case study, with a pre-test and post-test design,
whose methodological sequence was structured in five phases. It is important to highlight that the methodological
sequence is based on the DMAIC philosophy, which is a continuous improvement approach within the Lean Six Sigma
methodology. This philosophy is defined by five stages: Define, Measure, Analyze, Improve, and Control, which
allow the identified problems to be addressed in an orderly and systematic manner, ensuring the implementation of
solutions that can be sustained over time (Daniyan et al. 2022). In this regard, each phase proposed in the present
research was aligned with the principles of the DMAIC cycle, enabling an organized and structured intervention aimed
at achieving concrete and measurable results

Additionally, it is worth mentioning that the conceptual model of the proposed solution is specifically located in the
Improve phase of the DMAIC methodology. It is composed of two main components: standardized work and 58S,
which not only address specific operational problems but also generate operational synergy when applied together,
reinforcing the objectives of the proposed conceptual model. Furthermore, this study adopted an applied experimental
and quantitative approach, as the improvement model based on standardized work and 5S was implemented directly
in the operational environment of a metalworking workshop, and its effects were measured through performance
indicators such as on-time delivery rate and cycle time. The following section details the phases corresponding to the
methodological design.

2.1 Phase 1: System Characterization and Problem Definition

The first phase involved characterizing the operational system of the metalworking workshop through document
review, field observation, and structured interviews with personnel involved in production activities. This information
enabled the identification of recurrent operational issues, such as reprocessing, delays, disorganization, and lack of
standardized methods. Based on this analysis, the main performance indicator of interest was defined as the on-time
delivery rate. This KPI was compared with the sector benchmark, which indicates that metalworking companies
typically achieve on-time delivery rates above 80 percent, whereas the studied workshop reported only 36.7 percent.
This gap served as the central justification for designing and implementing the improvement model.

2.2 Phase 2: Measurement and Diagnostic Analysis

In this phase, quantitative data were collected to characterize the operational baseline. The primary data sources
included production records, delivery logs, and direct time measurements. A Pareto analysis was carried out to identify
the most relevant causes contributing to delays. The analysis revealed that more than 70 percent of late deliveries were
associated with the absence of standardized procedures, disorder in work areas, and unplanned rework. The diagnostic
process also included the construction of the problem tree to identify root causes and visualize their impact on the
performance indicator (see Figure 1). This diagnostic served as the basis for selecting the improvement tools to be
implemented during the experimental intervention.
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Figure 1. Root Cause Tree

2.3 Phase 3: Design of the Improvement Model

Following the diagnostic analysis, an improvement model was designed comprising two complementary industrial
engineering tools: standardized work and the 5S methodology. The model was defined conceptually by detailing its
components, expected interactions, and operational implications (see Figure 2). Standardized work focused on
defining work sequences, establishing operational parameters, and eliminating variability in the execution of tasks.
The 5S methodology focused on restoring order, cleanliness, and visual control to work areas, reducing waste and
facilitating workflow stability. This phase also included the design of operational formats, procedures, and visual aids
necessary for the implementation, ensuring the model’s compatibility with the workshop’s characteristics.

COMPONENT 1 COMPONENT 2

1 2 1 2 3

Standard Paint Qualification and Order and Periodic Standardization Discipline and
Operating Finishing purification of signaling cleaning of standards monitoring
Procedure Manual materials
Step-by-step task Conditions, Drying Identification and Assignment of Cleaning and Procedures for Periodic audits
definition for Time and elimination of locations, labels maintenance restoring and and checklists.
production Inspection and del: of routines for work maintaining order
materials zones. areas

Figure 2. Simulated Model

2.4 Phase 4: Implementation and Validation Strategy

A controlled experimental implementation was conducted using a pre-test and post-test structure. The improvement
model was installed in the operational environment of the company, and compliance with the new procedures and 5S
practices was monitored throughout the intervention period. A discrete-event simulation in Arena was developed to
validate the improvement model before its physical implementation. The simulation reproduced the workshop’s
production dynamics, allowing the evaluation of scenario performance and confirming the expected impact of the
intervention on cycle time and the on-time delivery rate. The experimental process allowed the comparison of
performance indicators before and after applying the model, ensuring methodological rigor in the validation of the
proposal.
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3. Results

3.1 Data Collection and Model Preparation

Data collection was carried out using structured procedures adapted to the validation needs of each component. For
the Standardized Work intervention, operational times were recorded in the lower-frame assembly and painting
processes (see Table 1). These areas were selected because they showed the highest levels of variability and had a
direct impact on delivery performance. A stratified convenience sampling method was applied across multiple
workdays, shifts, and operators. The collected times were consolidated in Excel and analyzed in the Input Analyzer
module of Arena 16.1, where representative probabilistic distributions were identified. Outliers were reviewed and
removed, and the distributions were compared with historical records and operator experience to ensure the reliability
of the model parameters.

Table 1. Data collected from the lower assembly process times.

Ne AS IS TO BE Units
1 10.39 6.61 min
2 10.74 6.30 min
3 11.34 8.19 min
4 11.60 7.44 min
5 10.55 7.09 min
6 11.43 7.13 min
7 11.29 6.67 min
8 9.81 6.03 min
9 9.92 6.69 min
10 10.11 7.47 min
11 11.74 6.82 min
12 12.14 7.29 min
13 8.58 6.96 min
14 9.32 6.18 min
15 11.53 6.79 min
16 9.92 7.65 min
17 10.92 6.54 min
18 11.69 7.21 min
19 9.90 6.34 min

20 9.99 7.77 min

© IEOM Society International 85



Proceedings of the 7th African International Conference on Industrial Engineering and Operations Management
Cape Town, South Africa, May 13-15, 2026

For the 58S pilot, data collection was performed through direct observation in the tool storage area. The time required
for each operator to locate and retrieve tools at the beginning of the workday was measured before and after the
intervention (see Table 2). Normality tests were performed in Minitab, confirming that the AS-IS and TO-BE datasets
followed a normal distribution, which allowed the use of parametric statistical tests in the analysis. This approach
ensured that both the simulation model and the 5S pilot evaluation were based on reliable and consistent data.

Table 2. Data of tool collection times at the start of the workday

Ne AS IS TO BE Units
1 6.91 2.32 min
2 8.35 2.98 min
3 8.77 3.32 min
4 9.14 225 min
5 8.09 3.59 min
6 8.86 3.07 min
7 8.73 2.77 min
8 7.54 3.24 min
9 7.67 3.74 min
10 7.89 3.77 min
11 9.33 4.12 min
12 9.71 3.30 min
13 6.18 3.15 min
14 7.14 2.27 min
15 9.53 3.47 min
16 7.68 3.14 min
17 8.50 3.56 min
18 9.64 3.06 min
19 7.65 2.84 min

20 7.73 3.71 min

21 7.94 3.03 min

22 9.70 3.96 min

23 7.42 3.48 min

© IEOM Society International 86



Proceedings of the 7th African International Conference on Industrial Engineering and Operations Management
Cape Town, South Africa, May 13-15, 2026

3.2 Validated Results of the Standardized Work Component (Arena Simulation)

The Standardized Work component was validated through a discrete-event simulation built in Arena 16.1 (see Figure
3). The model represented the complete production flow of a furgdn-type truck body, including material cutting, lower-
frame assembly, suspension installation, upper-frame assembly, accessory installation, electrical and brake systems,
and painting. A total of 30 replications were executed for both the AS-IS and TO-BE scenarios using different random
seeds. The Output Analyzer module was used to compare indicators with 95 percent confidence intervals and paired
differences analysis.
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Figure 3. Simulated Model

The results confirmed the effectiveness of the Standardized Work intervention. The average cycle time decreased from
41.1 days in the AS-IS model to 38.0 days in the TO-BE model. The confidence intervals did not overlap, which
confirmed statistical significance (see Figure 4). The on-time delivery rate improved from 36.7 percent to 73.3 percent.
This increase reflected the stabilizing effect of standardized sequences on operational flow (see Figure 5). The
reprocessing rate in the painting process decreased from 30.0 percent to 26.7 percent. Although the initial comparison
showed overlapping intervals (see Figure 6), the paired differences test demonstrated a significant improvement in
favor of the TO-BE model (see Figure 7). These results validate that the Standardized Work component effectively
reduced variability and improved delivery reliability in the workshop.
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Figure 4. Comparison of average cycle time confidence intervals
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Figure 5. Comparison of on-time delivery rate confidence intervals
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Figure 7. Paired differences test for reprocessing rate confidence intervals

3.3 Validated Results of the 5S Pilot Implementation

The 5S methodology was validated through a controlled pilot conducted in the tool storage area (see Figure 8 and
Figure 9). This space was selected because tool search time represented one of the main sources of non-productive
activity. The pilot implemented the full sequence of the 5S method, including sorting, order, cleaning, standardization,
and discipline. Visual controls, fixed locations, checklists, and internal audits were incorporated as part of the

intervention.

Figure 9. Tool storage after intervention
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Statistical validation was performed using a two-sample t-test with 95 percent confidence. Prior normality tests
demonstrated that both datasets were suitable for parametric analysis. The results showed a reduction in tool search
time from 8.159 minutes in the AS-IS state to 3.191 minutes in the TO-BE state. The difference of 4.967 minutes was
statistically significant, as indicated by a p-value of 0.000 (see Table 3). This confirmed that the 5S implementation
reduced unnecessary movements, improved workspace organization, and strengthened operational discipline among
workers. The validated results demonstrate that the pilot produced measurable and sustained improvements,
supporting the future expansion of the 5S methodology to other areas of the workshop.

Table 3. Statistical validation of the 5s intervention

Standard Standard 95% CI
Sample N Average L. error of | Difference for the T value GL P-value
deviation .
the mean difference
AS IS 60 8.159 0.951 0.12
(4.698,
4.967 5237) 36.60 83 0.0000
TO BE 60 3.191 0.447 0.058

3.4 Integrated Validation Summary

This section concludes the validation stage of the improvement model. The results obtained through the Arena
simulation for the Standardized Work component and the pilot test for the 5S methodology provided consistent and
reliable evidence of their functional effectiveness (see Table 4). Each validation method generated measurable
improvements aligned with the operational issues identified in the diagnostic phase, ensuring that both components
are feasible and applicable within the workshop’s real conditions. These validated findings establish a robust
foundation for the subsequent discussion of benefits, implications, and the extent to which the proposed model
contributes to reducing the performance gap.

Table 4. Table of Indicators and Validation of the Improvement Proposal.

Indicator Target AS-IS TO-BE

Increase compliance
in on-time deliveries 36.7% 73.3%
to the customer.

OTD (Orders
Delivered on Time)

Standardize processes
to reduce variability

A 1
Verage Cycle and improve 41.1 dias 38 dias
Time .
operational
efficiency.

Reduce the amount of
rework generated in 34.48% 26.7%
the painting area.

% of reprocessing
in painting

Reduce the ti
Average tool cduce e, 1me 8.159 3.191
spent searching for . .

search time min min
tools.

4. Discussion

The results obtained in this study confirm that work standardization and the 5S methodology had a positive impact on
the operation of the metalworking shop, although the magnitude of the effects was conditioned by the company's
specific characteristics. The increase in the On-Time Delivery indicator (from 36.7% to 73.3%) and the reduction in
cycle time (from 41.1 to 38 days) demonstrate that the reduction in operational variability was a decisive factor in
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improving performance, mainly in the bottom assembly and painting processes, where the lack of formal procedures
generated inconsistencies. This behavior coincides with the trend noted by Heinzova et al. (2024), who demonstrated
that companies with documented processes register higher levels of on-time delivery. Similarly, the reduction in the
percentage of rework in the painting operation observed in the simulation supports the claim of Santos et al. (2021),
who identified that standardized routines allow for the elimination of non-value-added tasks and a more balanced
workload among operators. In this sense, the proposal implemented in the case study largely coincides with the
findings in the literature and reaffirms the relevance of standardization in highly variable environments.

Regarding the 5S component, the pilot results, with a reduction in tool search time from 8,159 to 3,191 minutes, show
a clear convergence with findings reported in studies such as those by Fitri and Putra (2024) and Oleksiak et al. (2025),
who highlight this methodology's ability to reduce waste and operating time. However, some differences were also
identified: the magnitude of the improvement observed in this study was less than in plants with more mature lean
practices, which may be due to the structural limitations of a small metalworking company operating with limited
resources and a predominantly experienced workforce.

Additionally, the resistance to change detected during the diagnostic phase aligns with the literature of Maware and
Parsley (2022) and Habek et al. (2023), who emphasize that a lack of effective communication and a poor
understanding of the benefits create barriers to adoption. In the case analyzed, while training and staff participation
reduced these barriers, the sustainability of the results continues to depend on the organization's cultural maturity.
Overall, the discussion shows that the results are consistent with previous studies, but also demonstrates that the impact
of the tools is conditioned by the level of operational structure and the company's organizational culture.

5. Conclusion

The initial situation analysis revealed that the metalworking company in the case study exhibited problems similar to
those reported in the sector, including low productivity, high operational variability, a high rework rate, and poor on-
time delivery performance. The production process showed significant delays and a lack of standardization, resulting
in a reduced On-Time Delivery (OTD) of 36.7% and an average cycle time of 41.1 days. These findings highlighted
the need for intervention through the use of engineering tools to control variability, reduce downtime, and improve
the reliability of the production system.

Based on the analysis, an improvement proposal was designed focusing on standardizing work processes for the
bottom assembly and painting, complemented by the implementation of the 5S methodology in the tool room. Both
solutions were validated through simulation and pilot testing, demonstrating significant improvements in operational
performance. The OTD increased to 73.3%, the cycle time was reduced to 38 days, rework in the painting operation
decreased significantly, and tool search times dropped from 8,159 minutes to 3,191 minutes.

To ensure the long-term sustainability of the proposal, it is recommended to strengthen ongoing operator training,
periodically update standardized procedures, and appoint leaders who promote operational discipline and full
compliance with the 5S methodology. Additionally, it would be beneficial to progressively extend the implementation
of these tools to other areas of the metalworking shop and evaluate the use of real-time monitoring technology to
reduce variability and consolidate a culture of continuous improvement.
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