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Abstract: The Occupational Health and Safety system enforces the continual improvement culture in
industries for much safer processes and zero injuries. The Quality Management System also enforces
the same philosophy of continual improvement within the processing system for zero defects,
hence a high productivity rate. Good quality products always result from good Overall Equipment
Effectiveness; hence, Process Re-Engineering is essential for the good functioning of machinery. This
research is based on Integrated Management System requirements in terms of problem-solving,
especially the opportunities that arise within Quality nonconformances, Safety Incidents, as well as
Process Engineering related breakdowns. This study aims to develop a troubleshooting system that
evaluates continual improvement projects. The method used to develop the troubleshooting system
is based on Total Quality Management, where lean principles are combined with kaizen concepts
and quality standards. The proposed troubleshooting system is separated into three development
phases: the first phase is for recording the details of the fault that has been raised, where one will
record full details of the nonconformance, the time and date, validation of the nonconformance by
the lab test or any other form of validation depending on the nature of the problem as well as the
details of the location of the problem. The second phase is for problem classification, whether it is a
quality nonconformance, Safety incident, or engineering-related breakdown. The deeper root cause
analysis is performed by an application of lean techniques, which are the eight types of waste, Five
Whys and Ishikawa analysis. The eight types of waste identify the type of waste contributed by the
problem, the Five Whys analysis assists in finding the reason for the problem occurrence, and the
Ishikawa analysis classifies the problem accordingly, which assists the analyst in identifying the area
to focus on for problem-solving. The third phase is for a database system and an application of the
kaizen philosophy by evaluating continual improvement projects as well as status reports on the
permanent solutions to the faults. The proposed troubleshooting model was applied in a case study
company to upgrade the problem-solving model that the company was using which was assisting
for corrective and preventive action. The study resulted in drastic improvements; hence, continual
improvement projects were evaluated within the problem occurrences.

Keywords: troubleshooting models; nonconformances; Quality Management System; occupational safety;
engineering breakdowns; Total Quality Management; lean manufacturing; Integrated Management
Systems; Total Productive Maintenance

1. Introduction

A smooth flow system results in a profitable organization. There are various ways of
improving work systems, including creating models that can assist in eliminating waste
that hinders the effective functioning of a particular system [1] Most troubleshooting
software for Engineering breakdowns, quality issues, and safety incidents serve data
record purposes and documentation purposes that favor the standard operating procedure
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relating to corrective action plans [2]. Engineering breakdowns relate to Quality issues,
Environmental issues, and Safety issues due to the process design. Currently, it has been
evaluated that the malfunctioning of the machine is commonly tracked and maintained
within the Total Productive Maintenance models. Total Productive Maintenance models
focus on increasing machine effectiveness by optimizing the maintenance system, which
results in zero quality defects, zero safety incidents, and a high productivity rate [3].

Some organizations have taken into consideration that there is a need to create a
data system for quality defects. An investigation of the Corrective Action Preventative
Action (CAPA) system to reduce reworks was carried out in an electronic device industry,
and it was found that even though the system of nonconformance closure exists, there
was a need to create a CAPA model that integrates Quality Delivery claims and cases for
defect raised by customers to reduce defect rate and nonconformance investigation time
frame. The new integrated method resulted in major improvements. Quality delivery
of production, logistics, and insurance departments improved by 58.4% within 6 months
of the new model implementation, and 70% of nonconformances were closed within the
closure time frame [4].

Analysis was performed in the Electronic Manufacturing Industry to improve the
monitoring of the raw material supply system by creating a monitoring system for the
supply of raw materials and taking into consideration the Corrective Action Plan for raw
materials that are not of good quality. The system resulted in drastic improvement because
raw material defects were monitored and eliminated before production [5].

The Quality defects investigation models provide the corrective action plan database
and accumulate a history of defects occurrences, and it also provides a record of solutions
implemented. The quality database also serves as a record of a functional system of
tracking and tracing quality defects [6]. The elimination of safety injuries involves proper
investigation, and the accuracy of information is required. Currently, there are a variety of
models which deal with incident investigation with a common goal of zero injuries and
a database system for a record purpose. Occupational safety and health systems aid in
eliminating injuries within an organization by implementing systems that prevent injuries
from happening, investigating an injury occurrence as well as putting measures to prevent
that problem from happening again, and monitoring unsafe acts [7]. An examination
was carried out in the process industry field to analyze factors that cause injuries, and
10 process industries were sampled. A structural equation modeling for data analysis and
investigation of injuries was proposed; the data were composed of contributing factors
of employee injuries and the factors affecting the effectiveness of risks as well as tasks-
based management systems. This approach resulted in significant improvement due to the
evaluation of the factors that contribute to the high rate of injuries. It was found that 7.4%
of injuries were due to inadequate communication procedures of policies and operation
methods. It was also analyzed that incidents were not reported by employees for data
accuracy and continual improvement purposes [8].

This study aims to develop a troubleshooting system that evaluates continual im-
provement projects. The objectives of this research will fulfill the part of the gap related to
continual improvement for the Integration of Management Systems; therefore, the specific
objectives are to design and apply a robust Troubleshooting control system to investigate
quality defects, safety, and Engineering Maintenance-related breakdowns using optimal
techniques. To evaluate the efficacies of projects using the principles of continuous prin-
ciples and to produce non-conformance status reports in different time frames using a
Pareto analysis.

2. Gap Identified

Currently, a strategic solution for troubleshooting the control system is tracking and
tracing the problem and creating a database for future reference as well as for audit
monitoring purposes. An opportunity to upgrade the troubleshooting system has been
identified since the current troubleshooting control system does not provide the following:
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e A module that categorizes the problem according to specific impact and aspect towards
a particular incident;

e A module that tracks the repeatable incidents to prioritize continual improvement
projects according to the impact and aspect contributed within a particular scenario.

e Anintegrated module of Quality, Safety, and Engineering related breakdowns problem
analysis as well as solution progress report;

e  Statistical report tracking the progress in permanent solutions and time frames.

The literature has been reviewed to find out the technology and methodology behind
the problem-solving techniques that are applicable for Quality nonconformance closure,
safety incident investigation as well as process engineering breakdowns troubleshooting
systems. It has been found that the current problem-solving system does not integrate
safety incidents, quality nonconformances, and process engineering breakdowns. It was
also discovered that the existing troubleshooting models provide only corrective and
preventive action, which serves as historical data. The continual improvement of project
evaluation from problem-solving, integration of quality, safety, and process engineering
breakdown issues, as well as risk analysis and project prioritization, was missing and has
been identified as a gap in this field of research. Addressing this gap will assist in improving
and adding knowledge to the existing Total Quality Management (TQM) technologies.

The novelty of this study is the addition of another strategic way of business en-
hancement by the systematic approach to troubleshooting systems. This study aims to
improve the problem-solving techniques of safety, quality, and process engineering-related
issues by developing a model that assists with continual improvement evaluation within
a specific problem that has occurred. It has been identified that the database system for
troubleshooting control system does not run a module that assists in finding a deeper root
cause investigation of quality defects, safety incidents occurrences, and process engineering-
related breakdowns by classifying the problem in terms of waste, severity as well as the
frequency of the problem occurrence to evaluate and prioritize future kaizen project.

3. Materials and Methods

Theoretical Background of the Proposed Model Techniques

Lean techniques are tools that are used for a systematic approach that serves continual
improvement purposes; hence, there is an application commonality in some of the lean
tools, which are mostly systematically related [9]. A systematic approach is a strategic
approach involving holistic thinking. For an approach to be systematic, certain principles
and standards are to be adopted. The systematic approach acts as a catalyst for strategizing
applications for better results, which results in process and systems enhancement [10].
Zhan et al., 2022 [11] Evaluated that an approach becomes systematic once it is designed
orderly and the steps cannot be mixed for optimum results purposes; this resembles most
of the lean tools, which are the PDCA cycle, 55, DMAIC as well as Five Whys.

The Plan, Do, Check, Act (PDCA) cycle is a lean technique that is applied orderly to
achieve optimum results; hence, the PDCA cycle was applied according to the original
chronological order (PDCA) in the food manufacturing industry for good adherence to
food safety systems. An application of the PDCA cycle resulted in drastic improvement.
Food risks were predicted, and countermeasures were provided, which resulted in good
adherence to food safety standards [12].

The other lean tool that is found to be systematic in its application is the 55 principle,
which is a good housekeeping tool composed of five different elements that follow and
order up to the fifth element. To obtain the best results, the order of these elements should
be followed, which is sorting first where unwanted items are discarded; the second element
is set in order where one from the previous step will be left with items to be used and
arranged accordingly for visual control management.

The third step is shining, which emphasizes cleaning up the dirt, inspection and find-
ing the source of the problem that causes poor housekeeping and inadequate procedures.
The fourth step is standardized, where one should put rules and principles of the system
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for continual improvement references. The last step is sustain, which assists in maintain-
ing a culture of remaining competitive as an organization by maintaining standards of
the process; if one were to mix up these steps, the organization would obtain less accu-
rate continual improvement results; hence, it is the best to use the original chronological
order [13].

The DMAIC lean technique is also one of the chronological order methods that nor-
mally yields the best results if applied to its original layout [14]. The proposed model
layout was adopted from the chronological order of the DMAIC lean technique, as illus-
trated in Figure 1. The DMAIC lean technique is applied in chronological sequence for
accurate results purposes; hence, it is assumed to be a stepwise functional link tool [15].
This draws up a conclusion for the proposed model that a continuous improvement project
is a product of a database system and the status report that is composed of closure status
and repeatable incidents.

Intergrated lean principles Model
ED-Define:> [M-Measure> [ A-Analyze ) I:I-Improve::> EC-ControI:>
( LF ) » 5W CAPA 1
FV
R0 | m
DBCIP,SR
(CFs ) i
Legend: Legend: Legend:
LF=Login Fault 5W=5Why’s DB=Data Base
FV=Fault Verified I=Ishikawa Legend: SR=Status Report
RD=Record Details 8TW=8Types of Waste Corrective Action CIP=Continuous
FS=Final Statement PRA=Problem Risks Analysis Preventive Action Improvement Projects

Figure 1. An illustration of DMAIC chronological order for the proposed model. Source: [Author].

The Status Report (SR) is extracted from a database nature, which could be of a
repeatable problem, a problem that must be sorted, a problem that is pending for closure,
or a problem scheduled for bigger projects, which is represented as a conclusion after
investigation.

The development of the proposed troubleshooting model begins where the fault or
the problem is validated and recorded if it is confirmed to be investigated; if it is verified
not to be investigated, it is canceled. The problem evaluation phase is where the problem
is allocated according to the responsible department or designated area. The fault is then
investigated using one of the lean techniques, and the proof of evidence is attached to the
investigation report and forwarded to the selected team for approval.

If it is not approved, the report is sent back to the designated area of the problem for
re-investigation. If the problem is approved, it is then sent for an automated statistical
data ranking and evaluation using the risks analysis method and problem ranking method
according to the severity of the problem. After the problem ranking, the preventive action
is evaluated, and the report data are stored according to the preventive action status. If
the preventive action status is still in progress due to the requirements that cannot be
implemented immediately, it is stored as Work in Progress (WIP) non-conformance.
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The preventive action is not yet to be solved and is considered a big project; it is stored
as non-conformance pending closure.

If the preventive action has been implemented, the data are stored as closed and
finalized non-conformance. When the output is required from the proposed troubleshooting
integrated system, it will be the weekly, daily, or monthly status of preventive action closure
nonconformance status.

The other output will be the report including all nonconformances and give a full
detailed report on implemented solutions. Lastly, the other output will be the future
proposed kaizen project. Below, in Figure 2, is an illustration of an overview of the
proposed model development.

Safety incident 1« YES,

< Nonconformance issued >
@onconformance cancelk@

ol

vES* Quality Nonconformance
|

Nonconformance verification

YES

Is the issue safety, quality,
process Engineering related issue?

Process Engineering breakdown

Investigation
1. SWHYS

2.Ishikawa
3.8Types of waste

Proof of evidence

]

Approval
[

A 4

Statistical evaluation for problem ranking

A 4
Report on status
of closure

0

Method :problem impacts Rating table and
consequence evaluation calculation

R for audi Continual improvement projects
‘ extracted from problem solving
reasons

Figure 2. An illustration of the proposed troubleshooting model. Source: [Author].



Processes 2024, 12, 1069

6 0f 9

4. Application and Results Discussion

An application of the proposed model was conducted in a public service industry
where a sample of three different issues was selected. The issues were given a unique code
as per the category of the problem, which was either quality nonconformance with the
code QC-001, the safety incident OHS-001, or the engineering-related breakdown, which
had its own unique specific code EM-001. Each specific problem analysis is carried out to
define specific outcomes according to the results from Ishikawa, risk rating analysis, and
the eight types of waste. The outcomes are divided into two specific reports, which are the
Kaizen Projects and nonconformance status reports. The risk analysis is one of the elements
that gives priority to the kaizen project, and according to the rating, the blue category is for
the most urgent projects, and the yellow category is also for urgent projects but less urgent
than those assigned to the blue category (Figure 3).

Results ‘
Nonconformance category Ishikawa Risks analysis 8Type of waste | Outcomes
Man =M
Method=Q -The operators are not Kaizen projects
-There is no present trained for the task Defects=
Unique code method that clearly sometimes they RR=FXC=3X4=1 Wait ect.J\) 5
QC-001 defines the task assume on other = l,“,g E“F
e Skills=M
Vo0 e Process Enginerring
ethod= Man=)
-Inadequate safe -Lack of knowledge
Unique code Acts validation about safety
OSH-001 procedure L] protocols g
-Lack of safety -Thereisno culture
awareness's of good adherence to
safety protocols
— Man=M
-Training for employees on how to adhere with
EM-001 lecllnicgl and safety standards is not frequently
reviewed and there are no awareness's
reminding the employees on the benefits of s
| | technical and safety standards good adherence. .
| fRReFxCxas of | D L
[ Mehod=Q W amf‘j? tl_me:D — Problem solving status report
Machine=Q.C.D Inadequate standard Skills=\t
No machinery operating
e schedule procedure:

Figure 3. An illustration of an application of the proposed model and the results. Source: [Author].

5. Comparison and Discussion

Continual Improvement can result from upgrading the existing system or introducing
a completely new system that brings much effective change and, hence, a profitable organi-
zation. For an organization to remain on the market, a stable uniqueness of products and
services is essential. Below, in Figure 4, is an illustration of the comparison between the
current troubleshooting system and the proposed troubleshooting system. The difference
between the current troubleshooting system and the developed system is the highlighted
investigation and closure of the nonconformance. The investigation of the current trou-
bleshooting system includes one allocation; it can be either safety, quality, or process engi-
neering breakdown. The investigation involves Five Whys or Ishikawa as well as corrective
and preventive action. The proposed troubleshooting system investigation is composed of
an Integrated Management system (Safety, Quality, and Process Engineering-related break-
downs), which encompasses both ISO9001 and ISO45001 management systems [16,17]. The
investigation for the proposed model drills down the problem from the reason (Five Whys)
to the problem classification (Ishikawa and eight types of waste). The current troubleshoot-
ing system closure of nonconformance involves the confirmation of closure and historical
data, whereas the proposed troubleshooting system nonconformance system is composed
of statistical evaluation for the problem (ranking Method: problem impacts Rating table
and consequence evaluation calculation), reports for status of closure and for audit report
reasons as well as continual improvement project evaluation.
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Current method existing(Extracted from literature review) Proposed Method(Lean Troubleshooting model)
A 2\ Nonconformance issued
‘J Nonconformance ! NonConfo manteissed ( ) Nonconformance
T cancelled 4 cancelled
Nonconformance y
verification
NO Nonconformance INVESTIGATION
verification
ﬁ Quality
Safety —YES Is the issue safety, quality, process 1ES e el
s incident Engineering related isste?
| INVESTIGATION
Investigation of the vEs
nonconformance(5Whys X
or Ishikawa) Process Engineering
l breakdown
Corrective Action l
Investigation
l 1. SWHYS
2.Ishikawa
) . 3.8Types of waste
Preventive Action I
| —_—
Proof of evidence
Approval l
Approval
Evidence of closure l CLOSURE
: ]
— CLOSURE Statistical evaluation for problem
I Closure of rening
Method :problem impacts Rating
nonconformance -
table and consequence evaluation
calculation
Historical data ‘
L Continual improvement
Reporton Report for projects extracted from
status of audit problem solving
closure reasons
—)

Figure 4. 15 An illustration of the comparison between the current and proposed troubleshooting

system. Source: [Author].

6. Conclusions

The existing knowledge within the Total Quality Management (TQM) field has been
reviewed, and it was found that an Integrated Management System (IMS) is trending in
terms of continual improvement and in businesses that are doing well in the market; hence,
there is a need for upgrading the current troubleshooting systems to fulfill the require-
ments on the Integrated Management Systems (IMS). The ISO9001 (Quality standard) [16]
and 45001 (Safety standard) [17] have been selected as part of this study to upgrade the
faults and nonconformance problem-solving systems related to safety incidents, quality
defects, and process engineering breakdowns to fulfill the requirement on the most recent
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technology of Integrated Management Systems, which requires an organization to identify
the opportunities of improvement within the problem occurrence.

The proposed model was developed by combining lean techniques and risk analysis
to evaluate continual improvement projects for businesses’ future innovations. This study
provides the details for the development of the non-conformance troubleshooting model
that defines the problem, narrowing it down closer to the root cause of the problem. Once
the root cause of the problem was identified, the solution was then provided, and the
opportunities for improvement arising from the problem were identified and grouped
accordingly as future projects for business development as well as to sustain the uniqueness
of the business. The developed model was applied to Safety, Quality, and Process Engineer-
ing real-life problems, and it was found that it is possible to evaluate the kaizen project
through the opportunities of the problem. The advantages of the problem-solving model
that evaluates the kaizen project are good adherence to ISO standards for Quality and
safety, profitable organization due to the adaptation of continual improvement activities
and projects, as well as sustaining the business uniqueness to remain in the market.

7. Future Uses of the Current Study: Recommendations

The proposed model output is the kaizen projects based on the opportunities of the
problem relating to the Quality nonconformances, Safety incidents, and Process Engineering-
related issues, hence there is a need for advancing the kaizen context. After reviewing
the literature on current models that provide an investigation into and solutions to non-
conformances, incidents, and process-related breakdowns it was found that there is a need
for conducting kaizen projects arising from the opportunities presented by the problem.
The evaluation of ergonomic and environmental kaizen projects has been recommended
due to the Integrated Management Systems, which also include environmental issues
(ISO14001) [18] and process users’ well-being, health, and safety (ISO45001) [17].
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