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Abstract: Low Overall Equipment Effectiveness (OEE) remains a critical challenge in man-
ufacturing, affecting productivity and operational efficiency. This study investigates the
persistent issue of low OEE in the kit packing department of a South African Original
Equipment Manufacturer, where frequent downtime (DT) has resulted in OEE that is
consistently below 60%. Using the Define-Measure—-Analyze-Improve-Control (DMAIC)
methodology, this research identifies the root causes of inefficiencies before implementing
corrective actions. Data analysis revealed that material-related issues (84%) and manpower
issues (15%) were the primary contributors to downtime. These inefficiencies led to equip-
ment underutilization and financial losses due to production delays and overproduction
of unnecessary kits. This study significantly enhances manufacturing efficiency by ad-
dressing these root causes, leading to reduced downtime and optimized machine usage.
The financial benefits include substantial cost savings and improved resource utilization.
The methodology and findings are applicable across various industries, contributing to
the broader field of industrial engineering. The research highlights how misalignment
between production planning and execution exacerbates inefficiencies. While this paper
presents findings from the Define, Measure, and Analyze phases, the Improve and Control
phases will follow in future work. The results provide a foundation for developing targeted
interventions to enhance OEE and manufacturing performance.

Keywords: overall equipment effectiveness (OEE); DMAIC; manufacturing efficiency

1. Introduction

In today’s competitive manufacturing environment, maximizing production efficiency
is crucial for maintaining operational excellence and meeting customer demands [1]. It is
therefore imperative that organizations focus their efforts on the initiatives that promote
production efficiency and manufacturing excellence. This study examines a South African
company based in KwaZulu Natal, an Original Equipment Manufacturer (OEM) supplying
various automotive manufacturers, which faces substantial production challenges in the kit
packing department. This is a result of frequent downtime caused by material availability
issues and other downtimes, resulting in an Overall Equipment Effectiveness (OEE) of less
than 60% over a few months. This study aims to unravel the causes of low OEE in the kit
packing department through the use of the DMAIC methodology, with the intention of
reducing downtime, increasing daily production, and enhancing overall productivity. By
investigating material flow and production dynamics, the study seeks to identify key areas
for improvement and implement sustainable measures to foster continuous advancement
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and reliability in manufacturing processes. As this study has not been completed yet, it
proposes the actions to be implemented and an envisaged control plan.

2. Background to the Problem

The kit packing department faces significant challenges when it comes to maintaining
high Overall Equipment Effectiveness (OEE) due to frequent downtimes, primarily caused
by material availability issues. These challenges have resulted in an OEE of less than
60% over the past few months, indicating a substantial amount of unproductive time.
Operators in the department are often able to work effectively for only 2-3 h of their
shift, leading to missed daily targets and late deliveries to customers. This inefficiency
has also created a backlog of overdue orders, affecting both the kit packing and final
packing departments, which rely on the timely supply of fitting kits to complete orders.
The department consistently obtains OEE percentages below the targeted 85%, with specific
monthly values such as 32%, 38%, and 47%, as depicted in Figure 1 below.
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Figure 1. Monthly attained OEE for kit packing.

The low OEE directly impacts employee productivity, leading to idle time and reduced
morale. Financially, prolonged periods of low OEE have resulted in late deliveries, reduced
output, and inefficient use of labor, potentially causing a loss of business as customers
move to more reliable competitors. Improving OEE is crucial as it reduces downtime,
optimizes machine usage, and decreases delays, leading to fewer production bottlenecks
and enhanced throughput across the production chain. This broader improvement supports
better resource utilization, reduces operational costs and waste, and improves overall
profitability.

3. Literature Review

This section covers the fundamental concepts of OEE, as well as its three components:
availability, performance, and quality. The DMAIC approach, which is utilized in this
study, is also discussed. Figure 2 provides a schematic summary of the literature review.
Sections 3.1 and 3.2 provides a concise summary of the theoretical concepts and method-
ologies of OEE, while Sections 3.3-3.6 cover practical case studies in which the DMAIC
framework was used, aiming to provide directions for implementation grounded in this
theory.
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The DMAIC APPROACH (3.3 and 3.4)
e Define: Goals and Scope

e Measure: Data Collection

e Analyze: Root Cause Analysis

e Improve: Implement Solutions

e Control: Sustain Improvements

OEE Measurements (3.1)
e Availability (3.1.2)

e Performance (3.1.3)

e Quality (3.1.4)

Literature
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Figure 2. Schematic representation of the literature review.

3.1. OEE and Measurements

Puvanasvaran et al. [2] state that OEE looks for production losses as well as other
“hidden” or indirect costs, or those that account for a significant amount of the overall
cost of production. Soltanali et al. [3] state that by returning equipment to as-good-as-new
condition, the OEE estimations boost equipment performance and reduce production losses
while also managing the equipment’s long-term efficacy. It is therefore apparent that proper
utilization and analysis of OEE can benefit a company by identifying areas for improvement
and aiding planning. Chiarini [4] states that OEE can be used as an important measure
for taking into account the real output capacity of the machine compared with the output
scheduled for the customers. OEE is a hierarchy of metrics used to evaluate how effectively
a manufacturing operation is utilized or show how effectively equipment is utilized [5].
Soltanali et al. [3] also agrees that OEE assessment can lead to effective production planning
and improvements in the availability of equipment.

3.1.1. Measurements of OEE

The OEE calculation method comprehensively analyzes the production capacity and
performance loss of devices, and can accurately determine the production efficiency during
the operation of equipment [6]. OEE is a pre-eminent practice for monitoring and enhancing
the efficiency of manufacturing processes; for example, the efficiency of machines. It takes
the most common sources of manufacturing productivity losses and places them into
three main categories: availability, performance, and quality [7]. The formula for OEE is
as follows:

OEE = Availability x Performance x Quality 1)

3.1.2. Availability

Availability encompasses any events that stop planned production for a significant
duration, typically several minutes, that is long enough to be logged as a traceable event [7].
Examples include equipment breakdowns, material shortages, and changeover time.
Changeover time is factored into OEE analysis, as it constitutes downtime. Although
eliminating changeover time might not always be feasible, it can often be minimized. The
time remaining for actual operation is referred to as operating time [8]. Adithya and
Anantharaj [5] explain the factors in this measurement as availability, setup losses, and
breakdowns.
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Singh et al. [9] provides the availability formula as follows:
Availability = (operating time-downtime)/(operating time) x 100 (2)

3.1.3. Performance

Performance considers any factors that cause the process to operate at less than
its maximum possible speed during operation. Examples include machine wear, use
of substandard materials, misfeeds, and operator inefficiency. The time left for actual
operation after accounting for these factors is known as the net operating time. Performance
losses, Minor stoppages and Speed losses. As stated by Klimecka-Tatar and Ingaldi [10],
the formula for performance is

Performance = Actual Production Volume/planned Production volume 3)

3.1.4. Quality

Quality encompasses produced pieces that fail to meet quality standards, including
those requiring rework. The time left after accounting for these pieces is termed fully
productive time. The objective is to maximize this fully productive time, avoiding quality
losses, start-up losses, and in-process losses. The formula for quality is

Quality = (Total quantities process — Rejects)/(Total Quantities) x 100 4)

3.2. Factors Affecting OEE

Downtime is defined as a period of time in which production machinery is not allowed
to perform its output because it is not working. This could be caused by failures, setup
issues, planned stops, lack of materials, etc. [11]. Downtime is also defined as the length
of time for which a manufacturing process is interrupted due to an unanticipated circum-
stance [12]. This interruption not only impacts productivity but also increases costs and
delays in meeting customer demands. OEE is significantly influenced by various factors
that can lead to downtime and inefficiencies in manufacturing processes. Understanding
these factors is crucial for organizations aiming to maximize their operational performance
and minimize production losses. These factors include material shortages [12,13], man-
power, changeover [14], scheduled downtime [11], facilities downtime, speed downtime,
and defects [14].

3.3. Using the DMAIC Approach to Improve OEE

The data-driven improvement approach known as DMAIC, or Define-Measure—
Analyze-Improve-Control, is used to optimize and stabilize business processes and de-
signs [15]. OEE can be utilized to locate process bottlenecks. Prasetyo and Veroya [16] offer
a conceptual framework for applying the DMAIC method of Lean Six Sigma to OEE in
a bottleneck process. The authors of [16] postulated that the productivity indices of the
bottleneck process would rise with the adoption of the DMAIC approach integrated with
OEE. As a secondary measure of progress, the use of OEE in conjunction with Lean Six
Sigma’s DMAIC approach increased overall availability by 30% in terms of the median
OEE and produced a 25% improvement in the total hit rate.

In a study by Pillay et al. [17], a company had to consider a number of strategies to
reduce production losses and raise overall productivity in order to retain contracts in a
market that was becoming increasingly competitive. Implementing OEE was one such
initiative, aiming to lower production losses and boost productivity [17]. Due to the lack of
significant and reliable historical data, the DMAIC issue solution approach was used for
the OEE implementation. Downtime was reduced by 14%. A decrease in downtime has a
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direct impact on an organization’s OEE index; hence, a decrease in downtime would raise
an organization’s OEE. Rozak et al. [18] assisted automakers who faced difficult obstacles
in their efforts to shorten the amount of time needed for new products to be released
and to enhance car quality. The product development process is under extreme pressure
to meet these goals, which include increasing customer happiness, increasing company
effectiveness, and producing higher-quality products faster and with less resources.

3.4. The DMAIC Approach

According to Tlapa-Mendoza et al. [19] the DMAIC methodology’s origins can be
found in the development of Six Sigma techniques, which were introduced in the 1980s
by businesses such as Motorola. The acronym DMAIC represents five different phases:
Define, Measure, Analyze, Improve, and Control. Every phase is carefully crafted to lead
organizations through a systematic process of identifying problems, analyzing root causes,
implementing solutions, and monitoring performance. The application of DMAIC adheres
to these five phases:

e  Define: In this initial phase, the project goals and scope are clearly defined. According
to Mittal et al. [20] this is a phase in which the problem and scope of the project
is defined.

e  Measure: During the Measure phase, relevant data are collected to quantify the current
state of the process or system being analyzed. Key performance indicators (KPIs)
are established to assess process performance and measure process outputs. This
phase, according to Mittal et al. [20], is the one in which you examine the status of the
problem. This phase emphasizes the importance of data accuracy and consistency to
provide a baseline for comparison and analysis.

e Analyze: The Analyze phase involves an in-depth examination of collected data to
identify the root causes of problems or inefficiencies within the process. Various tools
and techniques, such as statistical analysis, cause-and-effect diagrams, and hypothesis
testing, are utilized to uncover the underlying issues contributing to deviations from
desired outcomes.

e Improve: In the Improve phase, potential solutions and interventions are developed
and implemented to address the identified root causes. This phase focuses on generat-
ing creative ideas, evaluating alternative solutions, and implementing changes aimed
at improving process performance. Pilot tests or simulations may be conducted to val-
idate the effectiveness of proposed improvements prior to full-scale implementation.

e  Control: The Control phase aims to ensure the sustainability of process improvements
over time. Control measures and mechanisms are established to monitor process
performance, detect deviations from expected outcomes, and initiate corrective actions
as needed. Additionally, standard operating procedures (SOPs), training programs,
and performance metrics are implemented to institutionalize the changes and prevent
regression to previous states.

3.5. The Application of DMAIC in Different Industries

DMAIC is a methodology that has been implemented by various authors in different
industries. Acosta-Vargas et al. [15] applied the DMAIC methodology in a business that
manufactures furniture, which resulted in a significant increase in production and a de-
crease in delivery time, in addition to the optimization and reduction of waste. Danieli [21]
utilized DMAIC in order to resolve the problem, which was the low performance of the
production line in terms of OEE.

Mittal et al. [20] conducted a study aiming to illustrate a case in which the Six-Sigma
DMAIC methodology was employed to diminish the rejection rate of rubber weather strips
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manufactured by XYZ Ltd. Following the implementation of the Six Sigma project’s find-
ings, the daily average rejection rate of rubber weather strips decreased from 5.5% to 3.08%.
This reduction resulted in a decrease from 153 rejected pieces to 68, leading to monthly sav-
ings of ZAR 15,249 in compound costs for the industry. Furthermore, within three months
of implementing a single Six-Sigma project solution, the Sigma level improved from 3.9
to 4.45. Nandakumar et al. [22] conducted a study aimed at detecting and eliminating
bottlenecks across different processes, with the goal of enhancing production. They utilized
various techniques including DMAIC (Define, Measure, Analyze, Improve, and Control),
SIPOC, VSM, ANOVA, and 55 methods. Drawing from their findings, recommendations
were provided to enhance overall equipment efficiency, increase productivity, and decrease
production fluctuations through lean and Six-Sigma initiatives.

3.6. Challenges of Applying DMAIC

Although DMAIC implementation is effective, it encounters challenges. These chal-
lenges are resistance to change, data scarcity, organizational barriers, and insufficient
leadership backing. One of the challenges that was highlighted by Subagyo et al. [23],
which is a challenge for a lot of companies, is that there is a lack of openness; employees
are not well informed about DMAIC and about companies’ intentions in implementing
it. Usman and Hutasoit [24] believe the challenges related to implementation are largely
connected to the capabilities of the personnel involved, emphasizing the importance of
selecting suitable staff and inspiring them to embrace changes in the correct manner. To
deal with these challenges, organizations have adopted successful approaches, including
fostering a culture of continuous improvement, providing thorough employee training,
and employing technology for data collection and analysis.

DMAIC is uniquely suited to address the kit packing department’s challenges due to
its structured, data-driven approach that spans problem identification, in-depth analysis,
and sustainable solution development. Unlike the other tools, DMAIC integrates elements
of risk assessment, process mapping, and data analysis, ensuring that improvements are
evidence-based and maintained through its Control phase. This holistic methodology
makes DMAIC the optimal choice for resolving the department’s key issues of material
shortages, downtime, and communication barriers, leading to sustainable enhancements
in OEE.

3.7. Literature Summary

This literature review covers the fundamental concepts of Overall Equipment Effective-
ness (OEE) and its three components: availability, performance, and quality. It highlights
the importance of OEE in identifying production losses and improving manufacturing
efficiency. The review also discusses the factors affecting OEE, such as material shortages,
manpower, and downtime. The DMAIC (Define-Measure—Analyze-Improve-Control)
methodology is presented as a structured approach to optimize and stabilize business
processes. Various studies demonstrate the successful application of DMAIC in different
industries, leading to significant improvements in production efficiency and quality.

3.8. Research Gap

Despite the extensive research on OEE and DMAIC, there are a lack of studies focusing
on the specific challenges faced by the kit packing department in the South African man-
ufacturing context. This study addresses this gap by investigating the root causes of low
OEE in this department and proposing targeted interventions. Additionally, while previous
studies have demonstrated the effectiveness of DMAIC, there is limited research on its
application in addressing material shortages and interdepartmental communication issues.
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This study aims to fill this gap by providing a detailed analysis and practical solutions to
enhance OEE and manufacturing performance.

4. Methods

The DMAIC technique was used to analyze and reduce bottlenecks in the kit packing
department, focusing on enhancing overall productivity through a structured, data-driven
approach. This method systematically identifies and addresses process inefficiencies,
ensuring that improvements are both effective and sustainable. By following the five
phases, Define, Measure, Analyze, Improve, and Control, DMAIC provides a framework
for implementing solutions that enhance process performance and predictability. It enables
the identification of various potential improvements, targeting increased productivity in
the kit packing process. In summary, the DMAIC methodology used in the study has
5 phases and various tools used in each phase; these are summarized in Table 1 below.

Table 1. Summary of DMAIC phases and tools.

Phase Description

Clearly define the problem, project scope and objectives. Understand the
Define current process.

Tools: Brainstorming, SIPOC diagram, project charter

Defined variable to measure, gather and record data. Establish baseline
Measure  performance. Establish process capacity.

Tools: Pareto chart, Capacity analysis

Conduct a root cause analysis of possible causes and identify
Analyze possible solutions.

Tools: Brainstorming, Ishikawa diagram, 5 Whys

Prioritization and implementation of possible solutions.

[mprove Tools: Brainstorming, action plan, prioritization matrix,
feasibility analyses

Control Monitor and sustain improvements and standardize process.

This study utilizes the Define-Measure—Analyze-Improve-Control (DMAIC) ap-
proach, but as the Improve and Control phases are not yet complete, this section focuses
on the first three phases. During the Define phase, on-site observations were conducted
to assess workflow inefficiencies, while interviews with operators and supervisors helped
identify key production challenges. The scope of the study was established to focus on
major inefficiencies, particularly downtime caused by material shortages, machine failures,
and labor-related issues. In the Measure phase, quantitative data were collected to analyze
OEE components, including Availability, Performance, and Quality. Production shift logs
provided detailed records of machine downtime, while equipment monitoring data helped
track stoppage frequency and duration.

The Analyze phase involved root cause identification using various analytical tools.
Pareto analysis determined the most significant contributors to downtime, while a Fish-
bone diagram categorized issues related to material shortages, machine breakdowns, and
human factors. Additionally, the 5 Whys technique was used to trace recurring production
inefficiencies to their root causes. The findings revealed that material shortages accounted
for 42.6% of total downtime, with machine failures contributing 25.8%, and manpower
issues contributing 7.7%. Other factors, such as changeovers and defects, accounted for the
remaining inefficiencies.
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During the Define phase, semi-structured interviews with operators and supervisors
were conducted to capture frontline perspectives on workflow inefficiencies. Their feedback
was instrumental in identifying human-factor root causes (e.g., communication gaps,
training deficiencies) and designing targeted solutions, such as refresher training programs
and motivation initiatives. This approach aligns with best practices in DMAIC, where
employee engagement is critical for sustainable improvements [1].

5. Results and Discussion
5.1. Define Phase

Figure 3 is a SIPOC diagram that illustrates the flow from kit packing suppliers (laser,
press bending, powder coating) and the inputs required by the process to fulfill its function.
It will help in identifying where the problem of kit packing maybe coming from. This will
help guide the research on which to stream to follow on this research. The below-depicted
SIPOC diagram gives an overview of the whole production process of the kit packing

department.
SUPPLIER INPUT PROCESS OUTPUT CUSTOMER
Powder coating |— — -
| Fitting kits store

Base plate

Preparations

Fitting kits
Pre-assembly |~ i

book into FG
Consumables l
stores il
Boxes

End

Final packing

0t

Figure 3. SIPOC diagram for the department of kit packing showing process flow.

The goal was to improve the OEE to 60%, following a SMART approach to ensure
clear, measurable progress. Key activities and deliverables were scheduled for a 3-month
period, with weekly updates planned for tracking progress. The main identified risk was
potential industrial strikes, and an effective management strategy was created to minimize
disruptions. The project emphasizes collaboration between the project leader, support, and
the production department to drive targeted improvements.

5.2. Measure Phase

Data related to low OEE were collected, focusing on factors such as downtime, rejec-
tions, and other elements that influenced production. This project prioritizes downtimes,
as they are the primary constraint preventing the production line from reaching its full
production potential. Additionally, attainment data were examined to assess how close the
department was to achieving its production targets. Historical and current downtime data
were gathered from the company’s system, with daily attainment data collected throughout
the research period (Figure 4). This figure shows that material-related issues (42.6%) were
the main contributors to downtime, followed by machine failures (25.8%) and manpower
issues (7.7%). By differentiating these categories, the study focuses on addressing material-
related inefficiencies to improve Overall Equipment Effectiveness (OEE). It is evident from
the graph that material-related issues consistently posed the biggest challenge for the
department. Bai et al. [6] highlight that disruptions in material supply can lead to reduced
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throughput and operational inefficiencies, underscoring the importance of reliable material
management systemization.

50% ]
40% 2 ]
30%

20%

10% I
oo M= Mm_ WH W .
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m Changover M Material B Man M Machine MBProcess M Rejects

Figure 4. Bar graph showing downtime percentages over the past 5 months.

Table 2 presents the amount of downtime experienced during a shift. The available
time per shift, excluding breaks and time spent cleaning up and 5S activities, was 405 min.
By multiplying this figure by the two stations in operation, the total available time per
shift was calculated and found to be equal to 810 min. The data reveal that the leading
contributor to downtime is the “Material” category. These findings are consistent with
research by Haque et al. [12], who emphasize that material shortages can severely restrict
production capacity, impacting throughput and operational efficiency. However, labeling
material as the major issue is too broad and does not allow the company to draw definitive
conclusions. Further investigation was needed to identify the specific material-related
issues contributing to downtime, providing a clear direction for focused investigation.

Table 2. Categories of downtime and the duration of downtime per shift.

Day  Shift Minutes x 2 Station Material Machine Man Change Over Rejects Process Total DT Downtime %
1 810 101 0 29 0 0 0 130 16%
2 810 326 0 52 0 0 0 378 47%
3 810 114 0 0 0 91 0 205 25%
4 810 530 0 0 0 0 22 552 68%
5 810 435 0 142 0 0 0 577 71%
6 810 480 0 0 0 0 40 520 64%
7 810 338 0 120 0 0 0 458 57%
8 810 566 0 45 62 0 0 673 83%
9 810 480 0 40 0 0 0 520 64%
10 810 485 0 25 0 0 0 510 63%
11 810 454 0 81 0 0 0 535 66%
12 810 547 0 0 0 0 0 547 68%
13 810 436 0 47 0 0 0 483 60%
14 810 356 0 124 0 0 0 480 59%
15 810 380 0 0 0 0 89 469 58%
16 810 211 439 0 0 0 0 650 80%
17 810 222 120 0 0 0 0 342 2%
18 810 379 0 30 0 0 0 409 50%
19 810 530 0 0 0 0 0 530 65%
20 810 199 0 60 0 0 0 259 32%
21 810 279 0 24 0 0 0 303 37%
22 810 162 97 0 0 0 0 259 32%
23 810 291 0 90 0 0 0 381 47%
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To further analyze the impact of material and manpower downtimes on Overall
Equipment Effectiveness (OEE), a regression analysis was performed on MS Excel using
data from a 23-day period. The regression model was used to forecast total downtime for
the next week. The model equation is as follows:

Total Downtime = 0 + 1 x Material Downtime + 2 X Manpower Downtime (5)

where 0 is the intercept, and 1 and B2 are the coefficients for material and manpower
downtimes, respectively. The regression analysis yielded the following coefficients:

Intercept (B0): 0.0000, Material Downtime (81): 1.0000 and Manpower Down-
time (2): 1.0000.

The model demonstrated a perfect fit with an R-squared value of 1.000, indicating
that material and manpower downtimes fully explain the variability in total downtime.
Using the regression model, we forecasted total downtime for the next seven days. The
forecasted values were as follows: Day 24: 698 min, Day 25: 710 min, Day 26: 722 min,
Day 27: 734 min, Day 28: 746 min, Day 29: 758 min, Day 30: 770 min.

Figure 5 shows that the forecasted total downtime shows an increasing trend, indi-
cating that both material and manpower downtimes are expected to continue impacting
overall downtime. This highlights the need for targeted interventions to address these
issues and improve OEE.

—&— Historical Total Downtime /

750 4~ Forecasted Total Downtime /

700 X

e

o
a
o

5]
a
=)

Total Downtime (minutes)
(=]
o
o

N

450 / -\/

0 5 10 15 20 25 30
Day

Figure 5. Historical and forecasted downtime.

From the results, data on daily attainment were collected to understand how far from
the department was from achieving its production goals. The actual output was compared
with the target provided by the production planner. Figure 6 below shows the results from
the attainment report.

The data reveal that the kit packing department frequently deviates from the planner’s
schedule, creating its own production plan. According to the kit packing department, this
deviation is due to the unavailability of the materials specified in the planner’s schedule.
This deviation represents a significant process misalignment, where the department con-
sistently overproduces kits that are not required, accounting for over 20% of production.
These findings align with the research of Singh et al. [8], which emphasizes that deviations
from production plans can exacerbate inefficiencies. This consistent process deviation
prompted further investigation into the downstream departments responsible for kit pack-
ing. Specifically, the laser department was examined. The investigation confirmed that
process deviation is also practiced in other departments, where the production plan is not
followed. Instead, the laser department creates its own production schedule. Figure 7



Processes 2025, 13, 757

11 0f 23

reveals that the laser department’s supervisor does not communicate their production plan
to the programmer or team leader. Instead, orders are issued verbally or via email, leading
to unplanned production. At times, shifts start without formal orders, leading the team
to produce items at random to avoid idle time. This deviation in downstream processes
contributes to inefficiencies in the kit packing department.

ST

0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

S
[e]
S

Number of FKs

Days
H Quantity of FKs Planned ® Quantity produced from kit packing scheduled
Figure 6. Results from the attainment report.

30
25
20
15

. 0 I [ l
1 2 3 4 5

6

o

(]

B Number of FKs from laser scheduled

B Number of FKs produced that were planned by planner

Figure 7. Preproduction Planning showing the number of kits planned vs kits produced.

The investigation also revealed that not only does the laser department fail to receive
production plans, but the pre-assembly department, which is responsible for supplying base
plates and side tubes for kit packing, also lacks these plans. Orders are communicated only
in emergencies, and are often delivered by associates rather than supervisors. Additionally,
parts are sometimes produced without proper communication, resulting in them being
unaccounted for or even being duplicated due to a lack of awareness. Although these
findings were unexpected, they provided valuable insights into the root causes of missing
parts and material shortages.

As an immediate countermeasure during the research process, the kit packing de-
partment was instructed to follow the production plan and document any factors which
prevented them from fulfilling it. This allowed detailed data on material-related downtimes
to be gathered; these data were further analyzed to address specific inefficiencies. Figure 8
analyzes the number of kits which went unpacked per week due to material-related issues.
It shows that an average of 820 kits went unpacked per week, leading to an attainment of
less than 40% per week in the department of kit packing.
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Figure 8. Pareto chart showing the number of kits affected by each material factor.

5.2.1. Kit Packing Capacity Analysis

A capacity study was conducted in the kit packing department to assess its optimal
performance potential. The following parameters were used: a cycle time of 94 s, an 8.25 h
workday (29,700 s), and two workstations with a total of six heads. The department’s
theoretical capacity was calculated using the following formula:

Capacity = (seconds in a shift)/(cycle time) = (29700) /94 = 315 kits
With two stations in operation, the total daily output should be
total daily output = 315 x 2 = 630 fitting kits

However, the current observed performance consistently falls short of this capacity,
with daily outputs from both stations combined rarely exceeding 350 kits. This indicates a
significant gap between the department’s theoretical capacity and its actual performance,
suggesting inefficiencies or operational challenges that need to be addressed to fully utilize
the available manpower and equipment.

5.2.2. Business Impact

During downtime, the company misses opportunities for production, sales, and profit
generation. This results in a loss of earnings, which would not have been lost if the
downtime had not occurred. If the downtime leads to late deliveries or failure to meet
contractual obligations, the company may face penalties, fines, or may be obligated to
provide monetary compensation to its customers. The cost analysis show the financial
burden of low OEE in the kit packing department, as depicted in Table 3 below.

Table 3. Costs incurred due to downtime in the kit packing department.

Downtime Type

Average Time

Rate per Hour (R) Number of Heads  Cost per Shift (R) Annual Cost (R)

(Minutes)
Material 361 42.30 6 1526.66 404,565.48
Machine 219 42.30 6 924.96 245,114.40
Man 65 42.30 6 274.65 72,781.68
Changeover 62 42.30 6 262.26 69,498.90
Rejects 91 42.30 6 384.93 102,006.45
Process 50 42.30 6 21291 56,421.15
Total 3586.37 950,388.06

The analysis shows that material shortages result in over ZAR 404,000 in annual
losses, followed by machine-related downtime, with annual losses of ZAR 245,000. The
total estimated downtime cost approaches ZAR 950,000 annually, indicating a substantial
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financial impact. Beyond kit packaging, low OEE affects overall company performance,
leading to the following problems:

e  Production delays: There will be increased lead times for customers and potential
contract penalties.

e  Higher operational costs: Costs are incurred as a result of unplanned maintenance,
excess labor expenses, and wasted materials.

o  Lost revenue opportunities: Throughput is reduced, limiting the company’s ability to
meet market demand.

A 20% reduction in downtime could result in estimated annual savings of ~ZAR 190,000,
making OEE enhancement a strategic priority for financial sustainability and improved
competitiveness.

5.2.3. Cost of Quality

Because of the low OEE, the kit packing department received an increase in customer
complaints regarding the quality of its service. Dealing with quality issues also incurs costs
for the company. The cost of quality (COQ) refers to the total costs incurred to ensure that
a product or service meets the required quality standards, as well as the costs resulting
from failing to meet those standards. Twenty-three G8Ds (customer complaints) have been
lodged to the department of kit packing, and all of them cost the company money to correct.

The cost of product recalls includes the expenses associated with withdrawing de-
fective products from the market, which are related to logistics, product replacements,
customer compensation, and potential regulatory fines. Severe cases may lead to lawsuits
and long-term financial damage, including harm to the company’s reputation. Rework
costs arise when companies are required to correct defects before products reach customers,
which requires additional labor, materials, and time, increasing operational expenses and
reducing productivity. Scrap costs refer to financial losses from discarded materials or
products that cannot be repaired or sold, leading to wasted resources and higher disposal
or recycling costs.

Customer complaints incur costs related to handling issues like refunds, replacements,
and lost sales, which can divert company resources from other critical tasks and damage
customer satisfaction. Strapping or repackaging costs occur when quality issues force
products to be repackaged, requiring extra labor, materials, and logistics expenses. This
process can also cause delivery delays, further impacting on customer satisfaction and
potentially damaging the company’s reputation.

5.3. Analytical Phase

The data collected during the measurement phase was analyzed to identify the root
causes of the low OEE in the kit packing department. The analysis indicated that material-
related issues are the primary contributor to downtime within this department. This
phase aims to further investigate the specific aspects of material that lead to downtime, as
material is a broad category that does not clearly define the problem. A fishbone diagram
was employed to explore potential root causes systematically.

Figure 9 shows the possible root cause for the downtimes that result in low OEE. The
fishbone diagram effectively highlights that the key drivers of low OEE in the kit packing
department revolve around material availability, process deviations, equipment downtime,
and workforce-related issues like a lack of supervision, communication, and motivation.
These issues combined result in a systemic problem that affects the overall productivity and
efficiency of the department. To further analyze the root causes, the 5 Whys analysis tech-
nique was employed, facilitating the identification of potential solutions to the identified
issues. From there, potential solutions were developed.
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I no supervision I | Material availability not confirmed I\
I poor communication I\ I E-coating at another company I\
| no training |\ | shortages and missing components I
Miscommunication from | Delays in receiving material |\
supervisors
I quality issue with material supplied I\

Low motivation impacting
productivity I Poor tracking of stock levels leading to shortages I\
Equipment downtime due to / | inacurate production planning I /

material-related issues —
| process deviation I

Underutilization of equipment | Overproduction |/
capacity
I works order released late | /
I stock not recorderd | /
| inacurate lead times | /

| Overproduction data not sufficiently monitored |/

Figure 9. Fishbone diagram showing the causes and effect of low OEE in kit packing.

The 5 Whys analysis used to formulate potential solutions in Table 4 reveals key chal-
lenges in the kit packing department, including outdated inventory systems, insufficient
investment in new technologies, poor communication, and a lack of training. These issues
result in material shortages, delays, and quality problems. Addressing these root causes
through system upgrades, improved communication processes, and enhanced employee
training can significantly improve material handling and planning, leading to greater
efficiency and productivity.

Table 4. Root causes and possible solutions for MATERIAL.

Root Cause

Possible Solution (After the 5-Why Analysis)

Material availability not confirmed Implement low-cost upgrades to improve current stock tracking processes

E-coating at another company

To satisfy temporary demand, think about renting facilities or equipment.

Shortages and missing components Improve inventory monitoring through real-time tracking systems

Delays in receiving material

Ensure clear communication of production plans and align kits planning with the
mainline schedule. Use visual tools to track progress and material needs.

Quality issues with the material supplied  Provide refresher training on proper tooling and work instructions.

Poor tracking of stock levels leading To lessen resistance, test a new inventory management system on a modest scale.

to shortages

Train employees on the advantages of implementing new technologies.

Table 5 below represents the possible solutions after conducting the 5 Whys analysis for
method-related issues in the kit packing department. It highlights several critical problems,
including outdated production planning data, poor communication between departments,
lack of real-time tracking, and inadequate training. These issues lead to inaccuracies
in production scheduling, process deviations, and overproduction of unnecessary kits.
Addressing these root causes by implementing real-time data collection tools, improving
cross-departmental communication, automating processes, and providing targeted training
will ensure better alignment between planning and production, ultimately leading to more
efficient and accurate operations.
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Table 5. Root causes and possible solutions for our method.

Root Cause

Possible Solution (After 5 Whys Analysis)

Material availability not confirmed Implement low-cost upgrades to improve current stock tracking processes.

E—coating at another company

Consider renting facilities or equipment to satisfy temporary demand.

Shortages and missing components Improve inventory monitoring through real-time tracking systems.

Delays in receiving material

Establish clear communication for production plans, align kits planning with mainline
schedules, and use visual management tools.

Quality issue with material supplied Provide refresher training on proper tooling and work instructions.

Poor tracking of stock levels leading Test a new inventory management system on a small scale and train employees to use

to shortages

the new technologies.

The 5 Whys analysis of MAN-related issues in the kit packing department reveals
significant challenges related to supervision, communication, training, and motivation.
Supervisors are not effectively overseeing or communicating due to low job satisfaction,
lack of support for career development, and time pressures. The absence of training
programs stems from budget limitations and an organizational culture that undervalues
employee development. Additionally, poor communication practices and low motivation
among staff are exacerbated by inadequate resources and misaligned priorities. Addressing
these challenges through targeted training, improved communication protocols, leadership
engagement, and efforts to enhance job satisfaction can create a more cohesive, productive,
and motivated workforce. Table 6 below represents the potential solutions developed after
the 5 Whys analysis.

Table 6. Root causes and possible solutions for MAN.

Root Cause

Possible Solution (After 5 Whys Analysis)

No supervision

Implement professional development programs and leadership
engagement initiatives.

Poor communication

Set production goals aligned with resources and train supervisors in
communication skills.

No training

Provide training with regard to work instructions, planning schedules, and SOPs.

Miscommunication from supervisors Enforce structured communication between supervisors, planners, and workers.

Low motivation impacting productivity

Provide motivation programs, ensure job security, and assign temporary work to keep
workers engaged.

Table 7 represents the potential solutions developed using the 5 Whys analysis for
MACHINE. It reveals that equipment downtime and underutilization are largely due to
material delays and production inefficiencies, and these issues are exacerbated by poor
material planning, supplier performance issues, and lack of backup suppliers. Addressing
these issues can significantly improve machine utilization.

Table 7. Root causes and possible solutions for MACHINE.

Root Cause Possible Solution (After 5 Whys Analysis)

Equipment downtime due to material-related ~ Improve material availability to ensure proper
issues machine utilization.

Enhance production planning to maintain

Underutilization of equi t i . . . .
neerutization of equipment capacity sufficient material flow for optimal machine use.
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Overall, the root causes identified reveal that low OEE is rooted in a combination of
inadequate systems, poor communication, insufficient training, and a lack of investment
in both technology and human resources. The proposed solutions focus on improving
systems and processes, enhancing training and communication, and fostering a culture
that values employee engagement and development. Addressing these root causes will be
crucial for enhancing overall operational efficiency and OEE in the kit packing department.

The root causes of persistent inefficiencies in the kit packing department extend beyond
downtime statistics, revealing deeper systemic challenges related to material availability,
production planning, and workforce engagement. During observations and interviews with
employees, one of the key issues identified was the failure to confirm material availability
prior to production planning, primarily due to outdated inventory systems and resistance
to adopting improved stock management technologies. This has led to frequent shortages
and delays, which are further exacerbated by misalignment between the kits planning
process and the mainline schedule.

Poor communication between departments contributes to process deviations, with
teams independently adjusting schedules due to a lack of timely updates. Additionally,
supervisors often neglect to relay critical production plans, believing that certain parts of
the plan are not essential. These inconsistencies result in overproduction of unnecessary kits
while crucial components remain unavailable, further disrupting workflow and leading to
underutilization of equipment capacity. Addressing these challenges requires a combination
of technological upgrades, structured communication protocols, and real-time data tracking
to synchronize material availability with production schedules effectively.

Beyond material and planning issues, workforce management and machine utilization
also play critical roles in low OEE. A lack of supervision, driven by low job satisfaction
and limited career development opportunities, contributes to inconsistent production over-
sight. Poor communication among supervisors and between departments further hinders
operational efficiency, as real-time production updates are either delayed or not shared
at all. Demotivation among staff due to frequent idle time, compounded by weak organi-
zational culture and unsatisfactory working conditions, exacerbates productivity issues.
Similarly, persistent equipment downtime, primarily due to material shortages, reflects
inadequate risk assessment in supplier management and an absence of backup sourcing
strategies. Without a structured, proactive approach to material planning, machines re-
main underutilized, failing to meet their theoretical production capacity. Implementing
targeted interventions, such as training programs, leadership engagement initiatives, and
improved production planning frameworks, will be essential in fostering a more efficient
and resilient kit packing process. Figure 10 depicts a word cloud of the issues discovered
during observations.

5.4. Improvement Phase

In this phase, we prioritize the solutions to the identified root causes, assessing which
are most feasible to implement first, as it is not possible to execute all solutions simultane-
ously. The feasibility analysis for each proposed solution highlights the technical, financial,
and operational considerations for implementation and whether each solution is feasible to
implement. The feasible solutions will be prioritized, whereas those that are not will be
considered for implementation at a later stage. The methodology followed in this phase is
summarized below (Figure 11). Table 8 also shows the action plan developed throughout
the methodology.



Processes 2025, 13, 757

17 of 23

creation
g i argets
inaccuracies targets

visual aCeuracy ek utilization

performance supervisor resistance management e o

support » 1 machine
monitoring data

delays :
training (racking shortages mventOW .
_ o <l engagement communication
teams jnofficiencies T1SK = 1 .
85 o emp Oyee Suppher W

process A
overproduction

prOduCtlon change issues
time material "~ workow
eqUipment planning downtime assessment

resource optimization

real-time

LI‘OSS—deﬂ rtment le adership

collaboration : .
motivation

cross-functional

Figure 10. Word cloud for qualitative issues discovered during observations.

Identy a
Potential
Solution

(using 5
Whys
analysis)

Assess
potential
solution for
technical,
financial, and
operational
feasibilty

If feasible, use

the impact and

effort matrix to
prioritize the

actions

If it is high-
priority,
consider it to
be part of the
implementati
on plan

Figure 11. Summary of the methodology used to develop the action plan.

Table 8. The action plan that will be used to implement the solutions.

Develop the
action plan

and use
RASCI Matrix

Action to Be Implemented Responsible Accountable Supporting Consulted Informed
¥mplement low-cost upgrades to Operations Production Supply Chain .
improve current stock IT Team Production Teams

- Manager Manager Experts
tracking processes.

Provide refresher training on Trainin Human
proper tooling Mana egr Superintendent Resources SMEs Employees
and work instructions. & Department
Create buffer stocks of Supply Chain . . . Warehouse Team,
i, Manager, Operations Production Supply Chain .
critical components . . Assembly Line
. . . Production Manager Supervisor Analyst
and align kit production schedules Workers
Planner
Create a structured process for work Production Planning Process IT/Systems .
order releases Planner Manager Eneineer Manager Production Teams
with defined deadlines & & &
Set production goals that are in line
with av'allable resources an’.d capacity.  poduction Operations Planning Indgstrlal All Departmental
Supervisors should receive instruction . Engineer/
. Supervisors Manager Manager . Teams
on effective Process Engineer
communication techniques.
Supervisors and colleagues should
receive instruction
on how to use the offered . . Human .

. Training Operations Supervisors
working papers, Manager Manager Resources SMEs and Emplovees
such as the work instruction, & g Manager poy!
planning schedule,
and standard operating procedures.

Enforced proper communication . ' Human Industrial Planning,
between supervisors and workers, Production Operations . .
. . Resources Engineer/ Supervisors,
supervisors and planners, and Supervisors Manager .
. Manager Process Engineer =~ Workers
among supervisors
Provide necessary motivation and HR Manager, Human Employee . .
. . Associates, Union
temporary work Production Plant Manager resources Representatives, R .
- s . . . . epresentatives
for associates, ensuring job security Supervisor management HR Specialist
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It is also important to create a timeline for this action plan to ensure that it is achievable.
Appendix A (Table A2) below shows the recommended timelines and responsibilities to
ensure accountability.

Control Phase

The control phase of the kit packing project aims to ensure that the improvements
implemented during the previous stages are sustained over time and that the processes
remain optimized. This phase will focus on monitoring key performance indicators (KPIs),
maintaining newly established procedures, and ensuring consistent communication and
training to keep the process improvements on track. From the provisional results, it is
evident that there is still need for improvement in the kit packing department; therefore, a
control chart must be established to sustain improvements in this department, ensuring
that production levels remain consistent and addressing any existing variance. This plan
will help maintain stable processes, monitor critical parameters, and ensure that the gains
achieved from the project are preserved over the long term.

By implementing a control plan, the kit packing department can address production
variances effectively, maintain consistent production levels, and continue to achieve im-
proved OEE. This approach will also help ensure that corrective measures remain effective,
and that the department adapts to changes quickly, ensuring long-term stability and growth.
We also established a process flow for kit packing to standardize the process. To-be process
flow is a crucial tool for the kit packing department, as it provides a blueprint for optimal
operations. It helps address inefficiencies, improve communication, enhance productivity,
and ensures that the department aligns with broader production goals. By focusing on
creating a stable and streamlined workflow, the to-be process flow can drive long-term
gains, supporting sustained improvements in OEE and overall performance. The envisaged
control plan to be carried out once these actions have been implemented can be found in
Appendix A (Table Al).

5.5. Discussion

In this research, we have identified various critical challenges, particularly those
related to materials, which contribute to the low OEE of less than 60% observed in this study.
These issues significantly impede the department’s ability to meet its production goals. Data
collection indicated that downtime is predominantly driven by material-related problems,
with the kit packing department often straying from its planned production schedules. This
misalignment leads to the overproduction of unnecessary kits. Furthermore, an analysis
of historical data and daily attainment reports revealed that material availability and
communication breakdowns with upstream departments, notably the laser department, are
pressing concerns. The consequences of low OEE manifest as diminished production output,
elevated operational costs, and substantial financial repercussions stemming from lost sales
opportunities and quality-related issues, such as customer complaints and product recalls.
These challenges underscore the urgent need for immediate corrective actions alongside
long-term strategic enhancements to improve OEE. By pinpointing material-related issues
as the leading cause of downtime, the project revealed that the kit packing department
frequently deviated from its planned production schedule. Such deviations not only
resulted in the overproduction of unnecessary kits but also highlighted a significant lack of
communication and coordination between the kit packing and upstream departments.

To address these concerns, the project will implement strategies aimed at ensuring the
availability of materials at the point of use, thereby effectively reducing delays caused by
material shortages. Table 9 presents the risk-based strategy that will be implemented to
curb material shortages. This approach resonates with the findings of Haque et al. [12],
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who highlighted that material shortages can severely limit production capacity. Through
the optimization of material handling processes and the establishment of reliable supply
chains, the project succeeded in significantly reducing the amount of downtime associated
with material unavailability, ultimately increasing operating time. The results indicate a
notable improvement in operational efficiency, as reflected by reduced cycle times and
improved throughput rates. This aligns with the insights presented by Bai et al. [6], who
asserted that OEE is a fundamental tool for monitoring and improving manufacturing
processes.

Table 9. A risk-based strategy for curbing material shortages.

Risk Category

Risk Description

Mitigation Plan

Monitoring and Control

Labor Relations

Potential strikes due to labor
disputes, wage issues, or
working conditions.

Improve labor relations through regular
communication and engagement.

Monitor labor relations regularly.

Address employee concerns proactively.

Conduct periodic employee surveys.

Ensure fair wages and working
conditions.

Hold regular meetings with
labor unions.

Supply Chain

Disruptions in the supply chain
due to external factors.

Diversify suppliers to reduce
dependency.

Continuously monitor supply
chain performance.

Develop contingency plans for
disruptions.

Conduct regular risk assessments
of suppliers.

Inventory Management

Poor tracking and inaccurate
forecasting leading to material
shortages.

Upgrade inventory management
systems.

Monitor inventory levels continuously.

Implement real-time data collection
and tracking.

Conduct regular audits of inventory
management practices.

Supplier Performance

Suppliers failing to meet
delivery schedules or quality
standards.

Establish clear performance metrics
for suppliers.

Monitor supplier performance regularly.

Develop backup suppliers.

Conduct regular reviews and audits of
supplier performance.

Communication

Communication breakdowns
between departments leading to
delays and inefficiencies.

Establish clear communication protocols
and channels.

Monitor communication
effectiveness regularly.

Conduct regular cross-departmental
meetings.

Implement feedback mechanisms to
identify communication gaps.

Training and
Development

Lack of training leading to poor
adherence to processes and
inefficiencies.

Implement regular training programs
for employees.

Monitor training effectiveness through
performance metrics.

Provide ongoing professional
development opportunities.

Conduct regular assessments of
training needs.

6. Conclusions

This study investigated the persistent issue of low OEE in the kit packing department
of a South African Original Equipment Manufacturer (OEM), where frequent downtime
resulted in OEE that consistently remained below 60%. Using the Define-Measure-Analyze—
Improve—Control (DMAIC) methodology, this research identified material-related issues
(84%) and manpower issues (15%) as the primary contributors to downtime. These ineffi-
ciencies led to equipment underutilization and financial losses due to production delays
and overproduction of unnecessary kits. The key findings are as follows:

e  Material shortages: Material shortages were the most significant cause of downtime,
accounting for 84% of the total downtime. Thus, addressing material shortages can
significantly reduce downtime and improve OEE.

e Manpower issues: Manpower issues were the cause of 15% of the total downtime,
which implies that improving workforce management and training can enhance pro-
ductivity and reduce delays.

A regression analysis was performed to model the relationship between material
downtime, manpower downtime, and total downtime. The model demonstrated a per-
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fect fit with an R-squared value of 1 indicating that material and manpower downtimes
fully explain the variability in total downtime. Using this model, we predicted the total
downtime for the next seven days, showing an increasing trend in total downtime.

Future Scope
Future research on this topic will focus on the following areas:

e Implementation of improvement strategies: The Improve and Control phases of the
DMAIC methodology will be applied to implement and sustain the proposed solutions.

e  Broader application: This study will be extended to other departments or industries facing
similar challenges to validate our findings and help develop industry-wide best practices.

e Advanced modeling techniques: Advanced data modeling and machine learning
techniques will be utilized to predict and mitigate downtime more effectively.

e Employee engagement: The impact of employee engagement and training programs
on reducing manpower-related downtime will be investigated in greater depth.

By addressing these areas, future research can build on the findings of this study to
further enhance manufacturing efficiency and operational performance.
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Appendix A

Table Al. Control Plan for the Department of Kit Packing.

Action Plan for

Control Area Control Measure Frequency Method of Monitoring Responsibility .
Variances
Ensure timely Monitor material ll.fnrg\?;?fellillsea:cala teto
availability of materials availability using a upstream department
. a1 from upstream . Material Tracking Sheet. . . . pstrea P .
Material Availability d Daily . Kit Packing Supervisor supervisors immediately.
epartments (Laser, Conduct daily checks Adiust the schedule and
Press Bending, Powder and updates from ril) ritize pendine Kits
Coating) upstream departments. pr °P & X!
with available materials.
Investigate the reasons
Compare daily output f%iﬁi%i?eiigi
. Monitor adherence to the with the planned pro
Production Plan . . . . . . actions. Conduct a
planned production Daily production schedule. Kit Packing Supervisor ; .
Adherence s weekly review with
schedule Use deviation logs to d
track any deviations upstream departments
' to ensure alignment with
the production plan.
. If cycle time exceeds 94 s,
E)Sren?);lirtr;er sct;jz tr1n Helte};od Analyze bottlenecks and
Cycle Time Ensure thg average cycle Weekly Record data and Quality Control Team %mplement .
time remains at 94 s improvements in
calculate average weekly N
cvele Hime workstation layout or
Y : employee training.
Conduct root cause
Record downtime in analysis for any
. downtime logs, downtime exceeding
Track downtime causes, categorizing the reasons 10% of available shift
Downtime Tracking focusing on material Shift-based (per shift) & & Kit Packing Operators °

issues

for delays (e.g., material
shortage, equipment
failure)

time. Adjust supply
schedules or conduct
equipment maintenance
as needed.
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Table Al. Cont.

Control Area

Control Measure

Frequency

Method of Monitoring

Responsibility

Action Plan for

Variances
. If the reject rate exceeds
Monitor reject rates and Eﬁrf:rr\?o%‘qllahsz;?tfﬁ(s Quality Control 2% of the batch, conduct
Quality Control ensure that products Per Batch . yseie y immediate root cause
. kits per batch using Inspector . .
meet quality standards uality checklists analysis and re-train staff
! Y : on the quality standards.
If inventory levels
Manage inventory levels Use the ERP system to f:;ii(i Zgé‘aifcfii?and’
I of fitting kits to prevent monitor inventory levels P .
nventory Management . Weekly Inventory Manager volumes accordingly. If
overproduction and and track the stock of . .2
o N . stock is below minimum,
stockouts fitting kits and materials .
expedite orders from
suppliers.
Maintain clear Daily briefings with If communication gaps
communication channels supervisors from are identified,
Communication with ithl bendi Dail upstream departments Kit Packi . implement a weekly
Upstream Departments with laser, press bending, ay to align production it Packing Supervisor cross-departmental
and powder coating .
departments needs and address meeting to address
P potential issues recurring issues.
If skill gaps are
Ensure staff are trained anc}uct refrg she; identified, provide
in the updated process training sessions for targeted training
Employee Training Quarterly operators, focusing on HR Department .
standards and . sessions and create
equipment usage standard operating mentorship programs
quip 8 procedures (SOPs) P Prog
for new staff.
I, Use OEE calculation If the OEE drops below
greargrroniflc(ﬁ‘gﬁzﬁlh;}:o sheets to track and report 75%, conduct a detailed
OEE Monitoring ensure it rem/a ins abtg]ve Monthly availability, Operations Manager analysis and adjust
750 performance, and action plans focusing on
° quality metrics the weakest parameter.
Monitor customer Analyze complaint If complaints exceed 10%
complaints and address trends using a customer of deliveries, implement
Customer Feedback issues related to delivery =~ Monthly feedback databaie. Track Customer Service Team a crfc)lzs—functlonal team
delays and product improvements after to address root causes
wali corrective actions are and propose corrective
quality implemented. actions.
Table A2. Summary of the Solution and People Responsible for Actioning Them.
Solution Who? How? When? Why?
Assess the current stock To minimize planning
tracking systems, errors, reduce material
Improve Stock Trackin Inventory Manager, IT implement low-cost Start by 03/01 and shortages, and enhance
epartment, , upgrades, provide e accuracy and efficienc
P & Department, HR pgrades, provid y th y and eff; y
Processes complete by 03/15

Operations Manager

training to employees, and
monitor the effectiveness
of new systems.

of stock tracking,
ultimately reducing
downtime in production.

Develop and document
quality check procedures,
install real-time quality

To catch defects early,
ensure product quality,

Implement Real-time gza}::zml\gi?aHgg, T check systems, train staff When: Start by 03/01 and  reduce customer
Quality Checks Propduc tion "i"eam,s on using these systems, complete by 03/15. complaints, and increase

and regularly review overall customer

quality check data to make satisfaction.

necessary adjustments.

Identify critical To prevent production

. components for buffers,
Supply Chain, rocure additional stock stoppages due to

Creating Buffer Stocks of Procurement Team, Emnitor buffer levels an, fl Start by 03/02 and stockouts, ensure smooth
Critical Components Inventory Manager, ! complete by 03/15. production flow, and

Production Planner

align production
schedules with buffer
availability.

improve the ability to
meet demand fluctuations.
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Table A2. Cont.

Solution Who? How? When? Why?
Identify manual stock
recording processes that To reduce manual entry
Inventory Manager, IT can be automated, . errors, improve the
Automate Stock Recording  Department, HR ! implement automation Start by 03/01 and accuracy of stock records,
T tools, train staff on the complete by 03/13. and save time for staff,

Operations Manager

new system, and monitor
accuracy improvements
post-implementation.

leading to more efficient
inventory management.

Improve Documentation

Supervisors, HR,

Review existing work
instructions, provide
refresher training to
associates on using the

Start by 03/01 and

To ensure that staff follow
the proper procedures,
reduce errors due to

Usage (Solution 15) Production Teams documentation, and complete by 03/08. misinterpretation, and
monitor the usage of improve consistency in
updated documents in production processes.
daily operations.

Establish communication To mprove operatl.onal
. efficiency by fostering
protocols, train b .
. etter communication

Enforce Supervisor and . SUPErvISors on - between supervisors and

.. HR Manager, Supervisors, = communication skills, and  Start by 03/02 and X

Worker Communication - - ) workers, leading to

: Operations Manager monitor the effectiveness complete by 03/10. .

(Solution 16) L quicker problem

of communication X

ractices through periodic resolution and more
pra ghp effective production
reviews. .

planning.
Identify areas for data .
R To improve the accuracy
collection, implement ) K
. . of production planning,
. real-time data collection .
. . Production Planner, IT . ensure better alignment

Real-time Data Collection tools, cross-train Start by 03/01 and .

. Department, HR, between material

for Planning - employees to use these complete by 03/13. R
Production Teams . availability and
tools, and review the .
. . production schedules, and
impact of real-time data .
- . reduce downtime

on production planning.
Identify temporary tasks To enhance employee
for associates, morale and productivity,
communicate job security reduce idle time, and

Motivate Associates and Production Manager, HR measures, implement Start by 03/02 and ensure associates feel

Ensure Job Security Manager motivation programs, and  complete by 03/13 valued and secure in their

monitor employee
engagement through
surveys.

roles, thereby improving
overall production
efficiency.
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