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Objectives

The journal of industrial technology is an academic publication which devotes to be a medium
to disseminate knowledge, research, invention, and innovation for academics. The article provides and
reports of interest to the field of engineering technology such as mechanical engineering, civil
engineering, electrical and electronic engineering, chemical engineering, materials engineering,
production engineering, industrial engineering, environmental engineering, energy and renewable energy
engineering, computational engineering and etc.

For publication, the submitted articles will be reviewed through a preliminary assessment
process for the quality and scope of the content, duplication, and plagiarism by the editorial board and
then evaluated for an academic quality for academic quality by at least 3 experts in related fields, who
are outsiders from various institutions. The authors and reviewers do not know each other's information
(double-blinded peer reviews) and are not affiliated with the same institution. The high quality-reviewed
manuscript will be considered to be accepted for publication. For the last step, the editorial board will
verify and proofread the articles before online publishing and printing out all in the journal for further
publication.

In addition, the research and academic works published in this journal are considered the
independent opinions of the author. The author is responsible for any legal consequences that may

result from the published articles with which editorial members do not always necessarily agree.
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Abstract: Solar water heating systems differ from other renewable energy systems in that their monthly solar
radiation values and hourly radiation values fluctuate. As a result, after 10:00 a.m., the solar water heating
system's operating hours are restricted to roughly 4-6 hours per day. This research's primary goals are to
create a hybrid water heater, investigate the temperature of the hot water used, and assess its financial
worth. The flat-plate solar collector used in the developed hybrid water heater is made up of two primary
parts: a hot water tank and a solar collector. Water is circulated between the hot water tank and the solar
collector in the hybrid water heater. The 40-liter hot water tank and the 2x1-square-meter solar collector are
angled 15 degrees. The experiment's solar radiation intensity is 900 W/m?. It is set up for senior citizens'
leisure and recreational activities in the Bang Yo Subdistrict Elderly Club, Bang Yo Subdistrict Administrative
Organization, Samut Prakan Province (Herbal foot soaking). On April 8, 2025, the experiment was carried
out, and at noon, it began to accumulate heat. After one hour ("At"), the water temperature in the hot water
tank was 59.77 °C in the absence of an additional heat source, and it could reach a maximum of 154.06 °C
in the presence of an extra heat source. According to the economic research used to calculate the hybrid

water heater's payback period, it would take about 6.6 years.

Keywords: Water Heater; Hybrid System; Solar Collector
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Abstract: This research presents a comparative study of battery models for unmanned aerial vehicles
(UAVs), focusing on the comparison between the equivalent circuit model (ECM) and the artificial neural
network (ANN) model. The performance of each model is evaluated based on the root mean square
error (RMSE) between the estimated terminal voltage and the actual measured value in two evaluations:
first, with a fresh battery, and second, with an aged battery after being used in flight operations for
agricultural area surveys in the 50" cycle. The test results in the first cycle show that the ECM provides
high accuracy, with an RMSE of 0.1544. In contrast, the ANN model, affected by the limitation of its
training dataset, yields a higher error of 0.8742. When the battery degrades, the ECM’s accuracy
decreases due to its inability to adapt to behavioral changes across increasing cycles. Meanwhile, the
ANN model shows improved prediction performance, with an RMSE of 0.472. These findings indicate
that while the ECM offers high accuracy for fresh batteries, it lacks adaptability and requires parameter

updates. On the other hand, the ANN model can learn degraded battery behavior.

Keywords: Unmanned Aerial Vehicles (UAVs); Battery Model; Equivalent Circuit Model; Neural Network
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Abstract: This study examines the critical success factors (CSFs) of railway construction projects
through the lens of the Project Life Cycle (PLC), addressing the defining, planning, implementing, and
closing phases. Although CSFs have been widely studied, their systematic application to Thailand’s
railway sector remains limited, particularly in linking lessons from international best practices. Employing
a systematic literature review and content analysis, the research synthesizes evidence from major
United Kingdom projects, including Crossrail and High Speed 2 (HS2), and compares them with
experiences in Thailand. The analysis identifies governance, stakeholder collaboration, and risk
management as decisive CSFs across all PLC phases. Key findings highlight that early participatory
consultations enhance legitimacy, structured risk registers and stakeholder mapping strengthen planning,
while real-time monitoring and independent audits improve implementation oversight. In the closing
phase, structured handovers and training programs are vital for operational continuity. By integrating
international lessons with a PLC perspective, this study provides policymakers and practitioners with a
structured framework for improving the governance, efficiency, and sustainability of Thai railway projects.
Beyond this sectoral focus, the PLC—-CSFs framework demonstrates wider applicability to large-scale
infrastructure initiatives, contributing to both theoretical advancement and practical guidance for

sustainable transport development in Thailand.

Keywords: Rail Project; Critical Success Factors; Project Life Cycle
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1. Introduction

Rail transport plays a pivotal role in industrial
development and socioeconomic growth, particularly
trade.

in facilitating domestic and international

Projects involving constructing of railways are
inherently complex due to their size, duration,
linear site characteristics, high investment, and

[1].
strategy

of several In

the

involvement

Thailand,

organizations
national infrastructure
(2015-2022) prioritizes railway development, with a
particular emphasis on double-track projects.
Despite this strategic importance, Thailand’s railway
development has repeatedly encountered delays
and cost escalations across various project types.
For example, the completed Chira Junction—Khon
Kaen double-track line was marked by disputes
over land acquisiion and procurement, which
exposed persistent challenges in governance and
inter-agency coordination [2]. Current double-track
projects continue to face difficulties stemming from
overlapping institutional responsibilities, inadequate
monitoring systems, and recurrent budget revisions.
High-speed rail initiatives, particularly the Bangkok—
Nakhon Ratchasima project, have been further

impeded by political uncertainties, financing

constraints, and protracted negotiations with

international  partners, leading to recurring

extensions of project timelines [3]. Collectively,
these recurring obstacles—Iland acquisition disputes,
procurement inefficiencies, weak oversight, and

political as well as financial instability not only
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undermine the timely delivery of anticipated public
benefits but also exacerbate financial burdens. Such
issues underscore the pressing need for
governance reforms, proactive risk management,
and systematic stakeholder engagement in
Thailand’s railway sector.

To confront these challenges, the analytical
framework of Critical Success Factors (CSFs) has
gained prominence in infrastructure and project
management research since the foundational
contributions of Pinto and Slevin [4]. CSFs refer to a
limited number of key areas where satisfactory
performance ensures successful project outcomes.
Through the utilization of the Project Life Cycle
(PLC) paradigm, which encompasses the processes
of defining, planning, implementing, and closing,
CSFs can be methodically assessed to discover
their function at every step of project development
[5]. The integration of PLC with CSFs analysis is
particularly significant as it not only isolates the
most influential factors but also clarifies their
temporal relevance and mechanisms of impact,
thereby equipping project managers with actionable
insights throughout the project’'s progression.

This study adopts a comparative perspective by
examining railway projects in the United Kingdom
(UK), notably Crossrail and High-Speed 2 (HS2).
These projects present instructive parallels with
Thailand in terms of extensive government
investment, reliance on public—private partnerships,

stakeholder diversity, and recurring challenges of
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cost escalation and schedule slippage. At the same
time, UK projects have demonstrated comparatively
stronger governance structures and stakeholder
engagement mechanisms, offering valuable lessons
applicable to the Thai context. While international
scholarship has extensively explored CSFs, studies
that apply a PLC-based perspective to Thailand’s
railway industry remain scarce. Addressing this gap
not only enhances theoretical understanding but
also provides practical contributions to policy and
practice in infrastructure delivery.

In light of these considerations, this research
pursues three core objectives: (1) to identify the
CSFs across the four phases of the PLC; (2) to
extract lessons learned from UK railway projects;
and (3) to propose strategies for enhancing the
performance of Thailand’s railway development
initiatives, with particular focus on double-track

projects.

2. Methodology

This study adopted a qualitative research
design based on an extensive literature review
and documentary analysis. The methodological
process consisted of four stages: (1) literature
identification and selection, (2) content analysis,
(3) drawing lessons from UK rail experiences,

and (4) synthesizing suggestions for Thailand.
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2.1 Literature identification and selection
Prominent databases such as Scopus, Web of

Science, and Google Scholar were used to obtain

pertinent scholarly articles and official reports.

"Critical success factors," "railway project," "project
life cycle," and "cost overrun" were the keywords
utilized. Publications from 1980 to 2022 that
addressed both construction management and
transportation-related topics were the focus of the
search. The study had to cover CSFs, success
criteria, project performance; it had to adopt or be
pertinent to PLC stages. From an initial pool of
167 articles, thirteen papers met the criteria and

were systematically reviewed.

2.2 Content analysis

To extract CSFs and map them onto the PLC
framework, content analysis was used. 1. Coding
the factors mentioned in each study; 2. Classifying
them into the four PLC phases (definition, planning,
implementation, and closure); 3. Finding the factors
that are most emphasized by calculating the
frequency of occurrence; 4. To guarantee
conceptual consistency, cross-check with theoretical

frameworks.

2.3 Extraction of lessons from UK rail projects

The lessons analyzed in this study were
derived from major UK rail initiatives, particularly
Crossrail [6], HS2 [7], and the Crossrail Learning
Legacy database [8], together with official reports

The Journal of Industrial Technology (2025) volume 21, issue 3
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from the UK Department for Transport. These
sources provided evidence of both successes
and challenges, which were synthesized into
lessons relevant for Thai railway development.
Emphasis was placed on identifying practices that
enhanced

strengthened project governance,

stakeholder participation, and improved risk

management, thereby offering transferable

insights for Thai railway projects.

2.4 Synthesis of recommendations for Thailand
To produce context-specific suggestions for
Thailand's railway projects, the CSFs found
through content analysis were finally combined
with the case findings from the UK. The study
examined quantitative information for Thailand's
railway industry in addition to case studies from

the UK. The goal of the synthesis process was to

Table 1a Top three CSFs in the defining phase
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(a) identify techniques that may be applied in
different countries, (b) adapt them to fit the
institutional and socioeconomic context of
Thailand, and (c) create practical recommendations
project

for  practitioners, policymakers, and

managers

3. Results

3.1 The CSFs across the four PLC phases
CSFs determine a project's success, and the
efficacy of these elements is frequently linked
across various phases. The top three most
important parameters for each PLC phase were
determined by analyzing 41 CSFs from earlier
studies (1980-2022). This method emphasizes
how CSFs in one phase impact those in the next
and provides a more organized guide than a

generic list (Tables 1a — 1d).

Rank
CSF References Rationale
(Score 0-5)

1(4) Clear mission, goals, and Ikele et al. [9] Establishes project vision and
objectives prevents scope ambiguity

1(4) Stakeholder consultation and Khang & Moe [10]  Early involvement reduces later
engagement conflicts

33 Competency of project Khang & Moe [10]  Ensures feasibility and realistic

designers and promoters

expectations
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Table 1b Top three CSFs in the planning phase

Rank
CSF References Rationale
(Score 0-5)
1(5) Adequate resource allocation Abeysekara et al. [11] Prevents delays and cost
(finance, workforce, equipment) overruns
1(5) Risk management and contingency Pinto & Slevin [4]; Anticipates uncertainties and
planning Ikele et al. [9] mitigates failures

34) Early supply chain and stakeholder Wuni & Shen [12] Strengthens coordination and

involvement trust

Table 1c Top three CSFs in the implementation phase

Rank
CSF References Rationale
(Score 0-5)
1(5)  Strong project leadership and Pinto & Slevin [4] Guides team and resolve on-site
troubleshooting challenges
2 (4)  Quality control and auditing Hassan et al. [13] Ensure compliance with standards

mechanisms

2 (4) Skilled workforce and technical ~ Wuni & Shen [12] Maintains efficiency and productivity

expertise

Table 1d Top three CSFs in the closing phase

Rank .
(Score 0-5) CSF References Rationale
1) Competence of project manager Khang & Moe [10] Facilitates smooth transition to
during handover operations
1) Documentation and knowledge Niu et al. [14] Preserves institutional learning
transfer
3(2) Establishing long-term cooperation  Niu et al. [14] Sustains project benefits and
with operators service quality
The Journal of Industrial Technology (2025) volume 21, issue 3 http://ojs kmutnb.ac.th/index.php/joindtech
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Together, the score values (0-5) represent the
frequency with which a factor was emphasized in
the reviewed literature, with “5” indicating the
highest recurrence and influence of a factor. The
tables reveal that CSFs are emphasized during the
planning and implementation phases, particularly in
the areas of resource allocation, risk management,
and leadership. Conversely, the closure phase has
received relatively less emphasis in the literature,
although effective documentation and long-term

cooperation  remain  essential  for  project
sustainability.

By defining the project's core vision and
objectives, the defining phase lays the groundwork
for success (Table 1a).

The planning phase is immediately impacted by
the results of the defining phase, such as well-
defined objectives and early, stakeholder support.
The framework required for successful execution is
provided by proper resource allocation and risk
management set up during the planning phase
(Table 1b).

Strong project leadership throughout
implementation facilitates more efficient project
closure (Table 1c). A formal conclusion and
handover of the project to the operations team
occurs during the closing phase. The project
manager's ability to provide an effortless transition
to the operational stage during the handover is the

most crucial aspect of this phase (Table 1d).
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3.2 Lessons from the UK’s rail projects

To strengthen the comparative analysis, this
study reviewed lessons from the UK’s two largest
rail projects [6, 7]. These initiatives offer valuable
insights into structuring governance, stakeholder
engagement, and risk management practices. By
mapping the key lessons to the PLC, the findings
highlight practical mechanisms that could be
adapted to improve Thai railway projects. Table 2
presents these key lessons in relation to each

PLC phase.

3.2.1 Comparative Analysis: UK vs Thailand
Table 3 demonstrates the railway projects in
both the UK and Thailand encounter recurring
delays and cost overruns, yet their responses
differ markedly. In the UK, despite overruns in
[6, 7], mechanisms such as parliamentary

reviews, statutory consultations, and independent

cost boards enhance accountability and

institutional learning. By contrast, Thai projects

continue to face land acquisition disputes,

procurement conflicts, and weak monitoring,

resulting in delays of 40-60% in double-track

construction [15] and over 80% in high-speed rail

(3]

Govermance frameworks: UK projects benefit

from clearly defined govemance structures,

independent oversight, and transparent parliamentary
review processes, which reinforce accountability and
policy continuity. Thai often

projects, however,
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suffer from fragmented responsibilities and policy
discontinuity, as seen in the [5], where overlapping
agency roles and delayed decisions contributed to
cost overruns.
Stakeholder The

collaboration: UK

institutionalizes early stakeholder engagement
through statutory consultation, reducing resistance
to land acquisition. For example, [7] established
formal consultation processes before construction.
Thailand, by contrast, continues to face disputes
with landowners and communities, exemplified by
the [2, 3] which were delayed by expropriation
conflicts and contested contracts.

Risk  management: Initiative-taking risk
anticipation in UK projects is supported by tools
such as BIM and real-time monitoring dashboards,
enabling timely corrective actions. In Thailand, risk
management is largely reactive, with double-track
projects under construction averaging 40-60%
delays and high-speed rail exceeding 80%,
reflecting systemic weaknesses in monitoring and
contingency planning.

In summary, Thailand’s challenges concentrate
in the defining and planning phases, where weak
feasibility studies, land disputes, and procurement
issues create cascading inefficiencies during
implementation and closing. Conversely, the UK
experience demonstrates that institutionalized
governance, stakeholder consultation, and initiative-

taking risk management reduce uncertainties and
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strengthen delivery. These contrasts form the

foundation for the actionable recommendations

outlined in the following section.

3.3 Recommendations for Thailand

To address the third objective of this study—
deriving actionable guidelines for improving Thai
railway projects—the following recommendations
are synthesized from the comparative analysis of
CSFs across the PLC and the lessons learned from
UK projects.

Thailand’s

These strategies are tailored to

institutional context to strengthen

governance, stakeholder engagement, and risk

management throughout the project lifecycle.
Building on UK lessons and Thai evidence,

actionable strategies are proposed for each PLC

phase as follow:

3.3.1 Defining phase

Institutionalize participatory pre-project
evaluations and transparent feasibility reviews. Early
consultation would mitigate politically influenced

studies and reduce land disputes.

3.3.2 Planning phase

Mandate risk registers and stakeholder
mapping as part of official submissions. These tools

anticipate conflicts such as those in [2] and [3].

3.3.3 Implementation phase
Adopt real-time monitoring and independent
audits, similar to Crossrail's digital dashboards, to

reduce cost overruns and contractor delays.
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Table 2 Key Lessons from UK Rail Projects by PLC Phase

PLC Phase UK Lesson (Crossrail / HS2) Relevance for Thai Railway Projects

Defining Sponsor-led, independent delivery unit Emphasizes need for clear project governance

(Crossrail Ltd) with clearly defined roles and stakeholder clarity at project inception

Planning Early establishment of SMART KPIs Supports performance-based planning, cost
driving alignment across team and control, and accountability
phases

Implementation Digital risk registers with health & Demonstrates value of initiative-taking
safety focus (HS2), and digital monitoring, Building Information Modelling
construction data tracking (BIM), and centralized risk tracking

Closing Structured learning legacy capturing Suggests creating a knowledge repository and
institutional knowledge and best handover protocols for Thai rail projects
practices

Table 3 Comparative Delay Factors in UK and Thai Rail Projects Mapped to PLC Phases

PLC Phase UK: Institutional Practices Thailand: Delay Factors & Evidence

& Success Factors

Defining Statutory consultations; Politically influenced feasibility (Bangkok — Nakorn
feasibility reviewed by Ratchasima high-speed [3]
parliament.

Planning Independent cost boards;  Weak early engagement; land disputes, delays in contractor
phased budgeting; appointment, cost underestimation; fragmented coordination;
transparent procurement. land expropriation disputes (Bangkok — Nakorn Ratchasima

high-speed [3], >80% delays, Ban Phai — Nong Pok [15]).

Implementation BIM, dashboards, and Contractor delays; weak oversight; design issues (Ban Phai —
independent audits for Nong Pok [15], double-track delays 40—60%)

initiative-taking monitoring.

Closing Learning Legacy programs Lack of systematic reviews and handover protocols;
transfer knowledge. repeated inefficiencies (Thanon Jira Junction —Khon Kaen [4]

readiness delays).
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3.3.4 Closing phase

Establish structured handover protocols and
training for operations staff, supported by a public
“Learning Legacy” repository to prevent knowledge
loss. These  recommendations  underscore
governance reforms, proactive risk management,
and institutionalized stakeholder engagement as
essential strategies for advancing Thailand’s railway
sector. Adapted from UK practices but tailored to
the Thai context, they not only address recurring
delays in project implementation but also strengthen
the long-term sustainability of national transport
infrastructure. Following these guidelines could help
Thailand's rail projects operate glued to their
schedules, guaranteeing effective operation and

boosting public confidence in the system.

3.3.5 Actionable Recommendations for Thai

Railway Projects

Building on the comparative analysis, four

priority areas emerge across the PLC:

participatory pre-project evaluation (defining),

systematic risk registers and stakeholder

mapping (planning), real-time monitoring with

independent  audits  (implementation), and

structured handover with capacity building
(closing). These strategies, consolidated in Table
4, highlight how lessons from UK railway projects
can be adapted to strengthen governance, risk
management, and stakeholder engagement in

Thai rail projects.
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4. Discussion

The PLC framework proved effective in

mapping CSFs across rail projects, supporting [4]

emphasis on reinforcing success factors

throughout the lifecycle and [5] validation of PLC
as a reliable evaluation tool. Applied to the Thai

context, the analysis highlights persistent

weaknesses in governance, stakeholder

engagement, and risk management.

4.1 Governance

Thai projects continue to suffer from

overlapping responsibilities and delayed
decisions, as illustrated by [3]. By contrast, UK
projects institutionalize parliamentary oversight
and independent which

boards, improve

continuity and transparency.

4.2 Stakeholder engagement

Community resistance and land disputes have
caused extensive delays in Thai projects,
including [2, 3]. The UK approach, exemplified by
HS2, demonstrates that statutory consultations
and early engagement can reduce resistance and

enhance legitimacy.

4.3 Risk management
While UK projects employ
BIM

initiative-taking

mechanisms such as and real-time
dashboards, Thai projects remain reactive. This is
reflected in delays of 40-60% in [2], and more
than 80% in high-speed rail initiatives [3], with

major financial consequences.
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Table 4 Weaknesses and recommendations for Thai rail projects across the PLC

Key Weaknesses in Recommendations

PLC Phase Relevant CSFs Lessons from UK
Thailand for Thailand
Defining Politically influenced Clear objectives;  Comprehensive  Independent
feasibility studies; stakeholder demand feasibility review;
limited stakeholder involvement; modelling; demand-driven
engagement, land risk assessment  statutory planning;
disputes consultations institutionalizes early
community
consultation
Planning Cost estimation errors, Accurate cost/time Independent cost Establish cost
budget revisions; estimation; boards; phased verification
fragmented integrated budgeting committees;
coordination; land planning; integrated planning
expropriation delays governance units; transparent
structures land compensation
Implementation Contractor delays due  Contractor Digital monitoring Contractor capacity

to procurement
disputes; weak
monitoring; reactive

safety oversight

capacity; risk
monitoring; safety
management;

communication

systems;
independent

safety regulators

proof; BIM/digital
dashboards;
independent safety

oversight

Closing

Lack of systematic post-

project review; limited
knowledge transfer;
weak maintenance

integration

Knowledge
management;
post-project
review;
sustainability

planning

Post-completion
audits; “Learning

Legacy”

Post-project
evaluations; public
knowledge
repositories;
integrated

maintenance plans
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Overall, governance, stakeholder collaboration,
and risk management emerge as interdependent
CSFs that decisively influence project performance.
Strengthening these areas could shift Thai railway
from inefficiencies  toward

projects recurring

improved accountability, timeliness, and

sustainability.

4.4 Public vs private roles

In the Thai context, most railway projects are
state driven, with the Ministry of Transport (MOT),
the SRT, and the Mass Rapid Transit Authority
(MRTA) as primary sponsors. Consequently,
governance weaknesses—such as overlapping
mandates and  political  discontinuity—reflect
challenges unique to public sector delivery. By
contrast, private sector participation, particularly
under Public Private Partnership (PPP) schemes,
faces different bottlenecks, including procurement
disputes and investment uncertainties. Recognizing
these distinctions is essential for ftailoring
governance reforms and risk management tools to

both public and mixed-delivery models.

4.5 Limitations and Directions for Future

Research

This study is limited by its reliance on secondary
sources, which, while valuable, may not fully reflect
the contextual realities of Thai railway projects. The
comparative framework with the UK provides useful
due to

lessons but risks over-generalization

institutional and legal differences. Furthermore, the
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absence of primary data, such as interviews or

stakeholder surveys, constrains the depth of
contextual understanding. Future research should
therefore employ field-based methods—including
case studies and direct stakeholder engagement—
to validate and enrich the applicability of the PLC—
CSFs framework in Thailand and to generate more

actionable policy recommendations.

5. Conclusion

The study fulfilled three objectives: it identified
the CSFs across the four stages of the PLC,
extracted lessons from United Kingdom railway

projects, and ftranslated these insights into

actionable guidelines for Thai railway initiatives. The
findings highlight governance reform, stakeholder
collaboration, and initiative-taking risk management
as decisive factors for improving delivery in large-

scale transport projects. By linking the UK'’s

technology-driven risk management and statutory
consultation practices to Thailand’s challenges—

such as land acquisiton and procurement

disputes—this study demonstrates how cross-

national leaming can inform more efficient,

accountable, and sustainable project

implementation. Beyond the immediate focus on
rail, the PLC-CSFs framework also provides
broader analytical utility for motorways, logistics
hubs, and smart city infrastructure, thereby
contributing to both scholarly debates and practice-

oriented strategies for sustainable development.

The Journal of Industrial Technology (2025) volume 21, issue 3

39

http://ojs.kmutnb.ac.th/index.php/joindtech



&

UNANNITY
5.1 Policy Implications

The results point to clear operational pathways
for Thai transport governance. At the defining
phase, the MOT and Department of Rail Transport
(DRT) should institutionalize statutory consultations
to strengthen legitimacy and stakeholder alignment.
At the planning phase, agencies and private
contractors need to embed risk registers and

stakeholders mapping into project approval
protocols to anticipate and mitigate disputes. At the
implementation phase, organizations such as the
SRT and the MRTA must adopt real-time monitoring
systems and independent audits as standard tools
to ensure accountability and transparency. Finally,
at the closing phase, structured handover
mechanisms and capacity-building programs for
operational staff are essential for sustaining long-
term performance. Embedding these measures
within national transport strategies and regulatory
frameworks would not only enhance the timeliness
and efficiency of rail projects but also reinforce
institutional resilience

investor confidence and

across Thailand’s wider infrastructure sector.
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Abstract: This research aims to study and apply the Quality Function Deployment technique in conjunction
with anthropometric measurements to design a workbench suitable for individuals with lower-limb disabilities.
The House of Quality matrix was employed as the primary tool to link user requirements with technical
specifications. In the first phase, user needs were collected through questionnaires and translated into
technical requirements based on product standards. A relationship matrix was then constructed to evaluate
the importance of each requirement. In the second phase, anthropometric data were collected from 15
individuals with disabilites at the Redemptorist Foundation for People with Disabiliies. Nine key
measurements were taken, including seat height, knee height clearance, leg width clearance, forward reach
range, side reach range, elbow height, wheelchair width, eye level height and wheelchair turning radius.
These data were used to define appropriate dimensions for the workbench design. The results from both
phases were synthesized to develop a prototype that reflects user needs and accommodates physical
limitations. The evaluation of the importance rating showed an average increase of 5.93% after prototype
development, with the highest improvement observed in the safety and stability dimension (11.03%),

indicating the effectiveness of the design in meeting the needs of wheelchair users.

ﬁ’]ﬁ’]ﬁ'zy:Quality function deployment; Anthropometric; Working bench table; Person with disabilities;

Product design

The Journal of Industrial Technology (2025) volume 21, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech

43



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

1. VN

a9 T UNIELETUUALWNAIWNA N TIAEANS
MNoNnuanwnIBERnslulsznalnoludon
Wi 1 2568 D9 uanadef 3.39 wesifud
209U 3TN IRUA La‘i"aLLﬂqﬂszmﬂmeﬁmﬂu
ULARZANBHUZVBIAIINNNIT WU AN1TNY
msmﬁlauvlm/ma's’wmUgaﬁd 51.98 Wasigua
111997199 131 NRDIBYIENALNITINUIB
42.98 1Wasiiue uadn13UIznauanT WL uaz
2 TWNuUIMITwukes [1] 1InmIdatoys
arFaugAnsdmlngaxiingldiasliiinme
@0N1IA1TITN N1ATTA IR AN BUILY TN
ARUAUL daug}’ﬁmiﬂéjulmyﬁﬁﬂtgmmam‘s
Lﬂ?iauvl,ma:WLfT’]gﬁﬁaﬁm%'u;‘i]’ﬁﬂ’rm%a?mm‘?

. A 4 v a [
(Wheelchair) T3anuntatafonlniuazlddiale

2
a A o

J v v 1
ﬁZ@]"Jﬂ?.I%.ﬂ']&II@] FNTNLIARDNUNILDDD1IE 1%’0”3\‘1

naNwNIMIATUNITayaFadIBIINY

q/dl u 1 v v a tﬂl v
va9i Al Iauslundudgeansuaz®ing [2] vhald
\ugdayalumdnsds wazihdayan ldingaslu
misenuuuuazlIulsnwwadauliinanzay
Hwn1snddgynanis

U

[3] mﬂmiéwmlumju

a o oA caa ' A
Lﬂﬂi’]uvl.ﬁ'ﬁix(ﬂﬂuﬁ']ﬂLL“H'iV]Nﬂ')']NUﬂW'iE]O%?E]

A

qzytﬁmmmmminslumima AW 1w P1d U
21919 13U I81383IIUNTZNUE 8NITH19UY 8920
WA BTEITEINLY (LWAUNIFRIT9) Saldanule
a A A a a 2
aVUNG Tn155uu Anodwuazdsznaua T nen
lannTefing waluladssaninauazaauniiass
A € -y v & A a A Ao
muﬂsmﬂguammmwﬂmLﬂuaﬂawwmmwg

AMIABIMIANNANEAW AL IG LN WA TR 8

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

A P ' o a A =
389N aWug % 15U dan &1 1hey aulUfs
w3add ot W waan Tasldzvinewn ki
Ifzviuna ldnshanaautss nIaldzUfuann
Fr3anizn L anrsaltnuld whasdrpdasineg

& o A o a A A
W90 N9 AR IR azNIHIURI LTSN
m‘smﬁauﬁ"l,aja:mmm:m‘snﬁé'awﬁuqﬂmrﬂums
U019 LT U UATILNNRURANANRIINIR

& o o AT o A en ' A
ursnadsnugs i ldzU judnusisneanuuuan
o Qs U 6
dwingliiauss

A

AIN ;ﬁ;}‘ af AR lNTENTID WA Lae

a wva '

sanuuuldzd Juanutdmniugwniindnig

waonlmszauiiaursdananmsulsaminfiss
qmmw%mflu%%wﬁaﬁmﬂsl,umsaammmm:w”wm
mﬁmﬁmﬁﬁLLiJaamwmﬁ”aams"ﬂaagﬂﬁwﬁuﬁﬁﬂﬁ
WudafirnuanIesneaziduauaIniseaniuy
NAAA MM NITIAINTIV SAWALMTIATWIATIIANEY
°11adQﬁmsﬁﬁmsmﬁ"auvlwaszﬁuﬁfld?aLLm'ﬁfﬁﬁmuﬂ@
$9MELANENIINIIATIIMeTasawn 2 L ald
Awuavnaldzd jodautedmivganislunis
Tt usuiudsussladonomunzan [4] uaztiy
lanmalunisdszneuandnliungAinianienis

2 &
AW AININUK

a Ao A A [y
2. NOBHUATIIWIILNLALIVDY
L A Aa
2.1 Msulaswihniizeamnn
N3y amﬁwﬁlﬁaqmmw (Quality Function
Deployment: QFD) Wuinafianiseanuyyu
NRAA AW FUAT UIANT BIanTzUIuAIT laud

fgmsg;amnsJLﬁalﬁaa@ﬂﬁmﬁ'umméfmmwaag}ﬂﬁ’w

The Journal of Industrial Technology (2025) volume 21, issue 3

a4

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

28195950 LLu'Jmaf:mm@Taaﬂﬁmaagﬂﬁw v udu
ﬁaﬁ'wé’niumﬁwmmqmé’numzmaawﬁmﬁmﬁ
NENWALNITLIBNNTOBNUULNINIAINTIN UASANT
wWisuisuiunRadmsivesguisluama ol
suInaauauaddanuaIanisvasuilaald
adn9il1sz®@nBnW QFD ﬁmﬁﬂﬁwfawimﬁa;&amﬂ
Aol laud ANABINIVBIYNAT ToYaNI9
WMARAVDINR AN DA LAzTBY AATUNIING® GR
n3zuanmsis L udasod M Iinau I W
wanorny YIlueuINTIATIZE MIEaNUUD Uas
ﬂﬂié@ﬁﬁ‘iﬂ]’aga e lWiAanswannaas ming
ATMNLATATIANANNADIMTBIAMaLT AN
Akao [5] h1lanajUuvuinaiia QFD f
UeNaUAIL 4 LWNSNTHAN A WNINTANTINIUNY
NRAA MY LUNINTNTOONUULNAAN WK LUNIND
MTIVUHBNITZUIUMT UAZIININENITAILA N
NTTUIHNNT LNz UIUNMITRAINIaZ SN A uALun
SndusniGenin %A AW (House of Quality:

A ' o {
HOQ) TaflauLlzneunaadaIzi 1

gautsznoud 1 (A) AUABINTYBIGNEN lag
mﬁﬁ,’]mm@Taamimaagﬂﬁ’lﬁvl,@i”u'm”@ﬂiaaLm:fﬁ’@
Sousuelng dauvsznaud 2 (B) a4
Wn3ngn139umn doduninlSouifisy
Na(ﬂﬂum‘ﬁgﬂLLUUL@&JLL@Z;S‘ULLUUI%&] W arINN3
ﬁmu@é“mﬂmiﬂ%'uﬂgwﬁmﬁmsﬁ susznaun
3 (C) Myt wuadairuamanaiia lasdaimua
Adosnsazatunusnw a2l NE S e 59

Wuan WNue mﬁ'm:rm:mww:maqmmww%aL’%'smdﬁ

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

E

e iasmanaiia

C
Tamuuwamamnaiia

A B
¥, D a s
ANANMI o & v o - LNIND
o LHNTNTAMHANNUD
1oIgNA MIINLENY

F
mad3sufsususnuzmanaiia

C'l 1 v
Jun 1 a’mﬂi:ﬂaumaamuqmmw

ANURDINTTBINAR A I AwInATa LA BT84
ﬁ"uQU'%IMGT'Jﬂmﬂﬁﬂmiimmmaa

NI ﬁﬁagaﬁlvlﬁ fa Tatmuanianaiia
wazenfimuanInemanefiaanlaluaiu C vad
tuamnw Lﬁa%’ufﬁaﬁﬂmasl,um'iﬁwm‘iﬂ%'uﬂ'ga
gamdsznoudl 4 (D) sPawmsndanusunus Hu
ANSAIAUAANMNFTUN BT ITHINNANNF2IN1TVDS
Qu%‘[na (811 A) LazTamruan1sitmaia (81u C)
VBILNUA NN msaf1d uaanitdanugilad
ANNRINTDVBILARTINATAd BTz ALANNNIWE LR
ane dulng dnmslddyansaidaing fa 0,1, 3
WAZ 9 WNUAMNFUNUS Ao luTanuauwus 4
ANMUFUNUTHeY HANuFNWuSU1unaNs uazll
ANMNFURUTNIN a1Nd1ay dandsznaud 5 ()

ANNAL AR IUNMANATA D UFIUYDINRIANVDI

The Journal of Industrial Technology (2025) volume 21, issue 3

45

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

ugmnIw ugastsnnuisufisswannaiaf
ﬁwmsl:’ﬁl,ﬂuﬁaLmué'ﬂwmzmwwzmdqmmw lasd
MITFYanwol ‘0’ fa Jausunusaanwun
X’ fia JANUFNNUTAaN UL LAz “T89319” Ao
lifenusunusdonuay uazdiudsznaud 6 (F)
mawSauisusussansmamaia Tusuituansis
awidnylulSinmdng 9 uielsiiaumanuin
ﬂ’amﬁadmma:ﬁ'sLmué'ﬂﬂmzmwwzmaqmmwl@

(2

7 aamsﬂ%’uﬂgm%aﬁaammﬂaﬂdmn‘fu
Mé’ﬂmmﬂamﬁwﬁﬁaqmnww E}ﬂﬁ’]vl,ﬂ
UszyndlFadrauninaslunszuiuniseanuuy
RS A naInratelszian W elWanna
AOURKBIGAAINUABINTITY aogﬂ”l,fvl,ﬁaziwﬁ
Uszdndnw drednematszgndls ldun nianmsi
LA [6] LﬁﬁgaLunﬂizmﬁﬁm%’uﬁgamq [7] 37
Tfalddfoifmmday (8] iudu

2.2 MIINAWIATINE
n1seenuUUNIInIsEatrasidun1in
AMFNTANIIN A NLAEFAFIUYBITINBNY
ﬂs:qﬂ@ﬂ’ﬂumsaammuLﬁana;uﬂizmﬂimw]:
T,@m”@qﬂi:auﬁl,ﬁaa@ﬁzymmmLfiasla”w 21n13
ULy mmLﬂ%ﬂﬂmﬂﬂﬁﬁﬂmuﬁ"lajgﬂ
WANNISUAIRAS LaZNNTOONUULNAA A AN La)
FOAAABINUAATIHININTEY Mekcharoen and
Ladavichitikul [9] wLivn15agas ws9nwaanidn
2 dszinn fa mﬁ'@im:mmaiwmﬂagﬁma:
nstaluszozfisnonisinaenlng G9s1uns0

Javzezldan3ienpass away wieddle dae

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

Tdsunsudn \5931 Jarosz [10] shiauatayasas 1w
sr9meluniaUn@uszauiedauss waziina
Slreisrnnuduntemssaluriniiunsnd auss
Lﬁamé'@mmadgﬂl"ﬁ”’iamﬂumsﬁwLLumi"]aaa
mstdey Wisususznisiwinsdonasan
Uﬂaﬁ'umad;ﬂ‘ﬁ’amm‘? Paquet and Feathers [11]
isuaiTmriadadiuiimovesslsausiuas
dlETaunsIwdhdaoszuundes 3 @

el §9rmisufinimannisudasninfiig s
ATNIWIIMAURANNTHANFATIINAU 1% Ginting
etal. [12] ﬂE$Qﬂ671%LﬂﬂﬁﬂﬂﬁiLLﬂad%ﬁﬁﬁL"Ti\‘i
Qmmwiumgm]aumnmm‘nm’m Uyziiiuainy
#84n152 auﬁuﬂnmm:"ﬁ?u@ aunweslditnis
AR N TR AT WA LN AN LA IS AT
7841771 Adrianto et al. [13] Y3zgnd35n13
ﬂﬂﬂam§iauﬁumﬂﬁﬂmmﬂamﬁ']ﬁﬁaqmm‘w
Bun38ian Ergonomic Function Deployment (EFD)
Lﬁaw”wmgl”mmﬂLﬁnﬁlﬂﬁ%i'n%a"lrs%’aiﬂﬂim 19
\Twdny Safira et al. [14] Yszgndld EFD lunns

s v & o A
wwm@mu%maa

3. AFMIALHIN
3.1 Tayangueiadg
. @ ' A A A A
nqm’sammlﬁ’lumnm fAa gAn1Ineme

tﬁl 1 1 a °§: v U v a
R InIEIRA LA N wIUNIFaIT N MRl Una
ﬁgaﬁ%ws:wﬂn’ Lﬁamiw”@MmQWms FmIn
15 a1 manuday sl uiudunEniuaznIFng
woANIINAINMTARewlmILWI auss

The Journal of Industrial Technology (2025) volume 21, issue 3

46

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

3.2 ﬂizqn@fﬁé'nn'mtﬂamﬁ'lﬁL%aqmmw
grudsznaud 1 (A) 321 NG 8IN1TVa Y
Q;L"ﬁmu ﬁwmil,ﬁuiagaﬂamﬁaoﬂﬁ;ﬂ“ﬁmumﬂ
mygum sl laglsdoudaeda LLazﬁT‘ﬁagaﬁ'
leusasufsula ﬂ"ﬁuwunwwmjm"'ﬁ'auiﬂo (Affinity
Diagram) lasutisaanidu 2 #11 Usznauey §iu
1 FunEniaNEaINITaIRMINI AN
TGz fifnudnfidains lasutsoanidu 7 du
Usznaualy @1uAsiEw auaulaeans
UM R LA NMURZAINELY AIWEILIATDN
FuwmMIUSULRIR AN uaziuANEZAIN
Tumsuwenouasfans uazdIud 2 AUANIULVDI
TGzl §idausnsfeanuuuaundnnsiasuie
$19me Taasians 2 §2% WA dmifiuazuun
AIULULURILDN @hﬂzLLuuﬁ@hagi:ij 1-5
iefidsadwldunfadnszauanudda (mport
Weight) 138 61 IMP FIRIHIMHINNANRA Y

L1TUNAHS (Geometric mean) AIRNMT (1)

IMP = [N, X N, X . XN, (1)
I

N A8 AZULUKANNEIAY VI AANHTAZIN
m’sﬂsnﬁugﬂﬁwﬁ' (i=12,..,n)

n= wndilsziin

gaullsznaud 2 (B) duuugeumNi ldanms
sumuoidlsnu Isleduanunalaldzjudau
B9luagiiu Lﬁaﬁ’mu@mqmmwﬁl,fluﬁaqﬂ'u
(Potential) 1% 04118 @ &§IU130179 (Improve
Ratio) 3@18 (Sale Point) AzuuudL (Raw Weight)

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

wazazuwAUUN@ (Normalize Raw Weight) 814130

fwnlaasaums (2) - (4)
Improve ratio =Potential/IMP (2)

Absolute weight = Target x Improve ratio (3)

Normalize raw weight=IMP x Improve ratio x Sale point (4)

ﬁmu@]m@ﬂ“nmﬁ’m 3 @1 Aa 1.00 Au1BD
liltan1s 1.20 nunodis 1luga1s uaz 1.50
RN AT18NIN %o@i’mmuuﬁuﬂnﬁm:gﬂ
wdaslwaglugag o i 1 waztdudnysven
nagnslunsvamnliaauauasanudainagls

saullznoud 3 (C) FmyszauauaaLian
ANUFNANUTVRITER 1N U LA UAREIAINY
dain3v09d 1 landeBaauanasgiudiuaina
Usaans uaziinuafianisnisinneuwian
11%ane (Target movement) a8 dYaNE DL A
wupds @ wanedonnnisd V. wanede 6
Wananefias S muizan waz O wuofedn
whwansfetasded

gaudsznaud 4 D) i1n17d vzl w
m’mé‘ww”uﬁi:m'mmw@TaamwauQ’L%muﬁ'u
Tafnuanmanaiia laonsliazuunazusaiu
sraulaaadt lulwszauazunn nurode g
AMUFUNWENY AZUHBY 1 AN18TI ANUFUNUS
%08 ATUUY 3 BUNBTE ANNFUWBTUUNENS LA
AZUUY 9 KUY ANUFNNUTUIN

gaullsznaud 5 (E) dmﬁayju’%nm%é’amﬁm
HRUS B NLFAIANUFURBETEWI19 T RUA
manafiadng 9 lagszydasinalunissanuuy
lasladyanuoinTosnunsuan (+) nunud

The Journal of Industrial Technology (2025) volume 21, issue 3

a7

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

a 6

ANMUFUNUTNFILFIUNY SN OLATAIRULAL
=S s o & v A 1 g a &
(-) punpile anusunusies wislilaayanwol
=3 = a a ¢ a
naneds ldanusunusn
fulsznauf 6 (F) in1snianudansas
AMANHMUENNIENIN lasdruImdiIngn
anuiAydeimuananaiasuy ol (Absolute
Technical Requirement Import: ATRI) LRZATBIRTN
muinaastafinuamamafialaslSoufioy
(Relative Technical Requirement Important: %RTRI)

NUNTAMMIBLFNNFNMNT (5) WAL (B)

ATRI = (AZUHUAIMNTFNNUTVBITORIRUAN

(5)
%RTRI = (AMH1AUNANNEAYVITERNRUANTY

WnaltadanNudaINMTVeIgne x A1 IMP)

mﬂﬁﬂauylsni X NATINTBIATIAUNANNEATY

YOIV aﬁmu@m\‘lmﬂﬁﬂamﬁmﬁ) x 100 (6)

® U ~ '

3.3 MANUVDYANWEIIEFAT
Lﬁuﬂ”agaé’ma’%‘ima@]%ﬂ%w:mﬁ@é’@mu
°11a<1Q"Lﬁ'ﬁaLLﬁﬁﬂi:qn@i‘mmm’m”?ﬁ'maa Jarosz

[10] d3znaudas AugIanAuianig (Seat

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

Height: SH) @214 §99 89191 (Knee Height
Clearance: KHC) A210UN314932%31991 (Leg Width
Clearance: LWC) swuﬁvauﬁw‘ﬁu%ﬁﬁ (Forward
Reach Range: FRR) 5281218 aufi 961ut19 (Side
Reach Range: SRR) Szﬂzﬁnﬂﬁuﬁd"faﬂaﬂ (Elbow
Height: EH) @214 n LR EREETS & (Wheelchair
Width: WW) quamnﬁruﬁaawm (Eye Level
Height: ELH) LLa:iw:mwgu@Tm REEIS &
(Wheelchair Turning Radius: WTR) LLa@ldﬁdgﬂﬁ 2

3.4 iszndinanainenala
miﬂi:l,ﬁummﬁuwalwaaﬂa;m;ﬁmsmami
wndowlmdmafidurunisesineldnung Tag
Lf]umg'uLﬁmﬁ'uﬁlﬁﬁ'ﬂlumaﬁmmHaﬁ%wn
wmla Lﬁamiw”@um;jﬁmi mnﬁmummﬁagﬂ"ﬁ
WUFaUANNANA T wlasE19899NRANANS
aammmﬁianﬂﬂu (Universal design) Laz®anNn1g
2ONUULATNRITANEAS (Ergonomics design) Lﬁla
geaundsdszantainwlunisldnunazaing
sransUnevaslazUfUanuTnged1uiass

WLH

F—1wc —

WW——

31U 2 szwzmviavnasdaswve sl tIaurs

The Journal of Industrial Technology (2025) volume 21, issue 3

48

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

4. HaAN13Y
4.1 Namsﬂizqnﬁ’li’{ﬁa’“ﬂmmﬂawﬁﬁﬁL%a
ATANN

HaaIE IRl TENOUT 1 (A) AUABINTIPNAN
MNMIAUIIVIINTBY AT DINTINEA NS
mematndenlmdimaslasdusunigastnaldonm
v[ﬁﬂﬂﬁ‘ﬁlgaﬁﬁws:um"ld Lﬁ'amsw”@um;gﬁmi
1% 15 an ﬁﬂiuﬁummﬁaamiqmé'ﬂwmz
msmasenaaifidasdlulddnlfianuddmn
20 ANNFBINTT AUAZUWUH 1-5 LazTidn IMP 71
durnwla lddmuaadinunsluiuningnng
KK LAZINA IMP 319Q1I38981aUaNNEIATY
LﬁaLﬁanqmé'ﬂmmzmammma@%‘ﬁlﬁaaﬁlﬂﬁ:ﬁn
YHUaNug Lﬁmﬂuﬁ’sﬁmu@naqwﬁﬁmmuaa
@iaa”[*’ﬁ“lumgu@aun”@"lﬂ fm0819 AuGaInIh 1
mmimaﬁumﬂ“ﬁ{nuqﬂmniﬁﬁmn%mmag;
§16UM 5 uazANUGBIMIN 6 @T’mfm}ﬁl‘*ﬁﬂaa@ﬁm
Lf]uﬁmeiaalmmﬁauayjﬁwﬁuﬁ 20 GIANTWN 1

F0EH19NITRNWITIANABINTIA 1 §IW13D
saa%’umﬂ%muqﬂnitﬁﬁﬁmwms ﬁg}”ﬁms
UriulAasuuuszan 3 $1uI% 2 A1 AZUUUIEAL
4 3%I% 3 A% LAZASLUKIZAL 5 31U 10 A% 10
AUz ungnua 15 61 mqmﬁ'u WU
Nagmmam:uuuwg\‘mmwhﬁu 5.625x10° Laz0aa
mﬂwagmwgﬂm@ (n=15) lddaioszadiaay

JUM3 (1) WAL 4.47

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

A191991 1 61 IMP maau@iazmmﬁmmwaaﬂ’t“ﬁ

//\/1P:1\f'>/31 X3, X4 X4, X4 X5 X5 X5 X..X5_
MP = X/5.625x10°

IMP = 4.47

AMNUADINT A1 IMP  aau

1. mmsmaﬁumﬂ"ﬁamqﬂmtﬁﬁ 4.47 5
ANHAAEY

2. ffsunsaniasfiontaolw 453 1
Tgauwle

3. ﬁmauuﬁuﬁﬁmmmﬂﬂﬁﬂm 4.47 5

4. mansasusianeinled 433 11
250-300 Alansu

5. ﬁﬁuﬁLﬁmwaﬁm%mswuﬁ?a 4.40 7
nReandeIauny

6. a”a@;‘?ﬂ"ﬁﬂaa@n”mm:t.fluﬁm@'a 3.31 20
foadaw

7. fdemianuiisniuifiveiasdie 4.40 7

8. mminamﬂqﬂnifﬁtﬁﬂﬁ 413 19

9. a“'a@mﬂummﬁmﬁmmwumu 4.20 17

10. fANTOTONUTIRIDIUAIUTUTIN 4.20 17
"L@Tdmlunirﬁﬁﬁ’@@

1. S minfivmnzaudniums 433 11
Yue

12. mmgammmﬂ%’ﬂﬁ 453 1

13. ﬁvﬁuﬁ‘lﬁ@l“ﬁaamﬂﬁ 453 1

14. gzandamitaawiaussidnls 433 11

15. ﬁvﬁuﬁﬁwﬁ"vgﬂ%\ﬂuﬁmm@m 4.40 7
LANE1IN

16. fNufimaunsoidonludrani 4.26 15

17. ﬁﬁuﬁmmsmgaﬁanﬂﬁﬂma 426 15

18. ﬁﬂmugaﬁm%‘umsﬁnmﬂum:ﬁf‘q 4.53 1

19. fAudigwiumsmaedowlmues 440 7
Jauzs

20. dunvaniaguninianggaglu 433 1
TEAUFHAN

The Journal of Industrial Technology (2025) volume 21, issue 3

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

HAEIEIUYIENAUN 2 (B) LIN3NEN139UHL
e IMP Alaandindsznaud 1 15 dwadiondn
Whnnne (Target) waziinanisuszidind laain
LLu'uaaumuﬁmmﬁwﬂ%ﬁmmmqmmwsm
maaiﬁzﬂﬁﬁﬁmuﬁwﬂaqﬁu (Potential) @288719L%5%
Iﬁ:mmamaa%’uQﬂnifﬁmﬂ%\‘nuﬁﬁmﬂ%mal Y
ﬁi'lﬂi:l,ﬁuﬂaqﬁuﬁi:@”u 3 dadnung (@1 IMP)
WNRY 4.47 6974 dandmlulyelan 4.47/3
WinAY 1.49 Jen9@auuinny 1.50 e e
AZUUWAL 447 x 149 x 1.50 A@1L¥i1NU 9.99
LLam@”\‘igﬂﬁ 3

navasdIulIznauil 3 (C) Tarnuanstnaia
xddspyamuINeIIRBANILAAND A1
uwiawssveaneifined e uwing uazmudi
maa;ﬂd}”ﬁmsﬂ%%m 13 Tarnua [15] Usznauaag
Saquldz (ANSUBIFMA x5.5)
3:‘1J1_|‘1J§’1_|mm§w‘i'vﬁ'm 65-75 LOUALUAT
flgunsoliatu 1 99
vauyuldzldnmn
mmqw’ﬁ?ﬂéf: UINNIT 55 LTUALNGT
aNUIAUIEE 3NN 75 luRns
iwaﬁ'ua%ilu%'ﬂﬁLgau Haunin 50 LIwALNAT
mmqaﬁﬁha’mﬁu 80-90 LUUALNAT
Tassaosiusiveinle 300 Alansu
0. AufirwesTfzunnnin 50 wudiuas uaz

S © ® N o o b~ w DN~

= 1 a
ANUINNT 20 LIUALNGT
anuanltnuvasldziannin
65 LIUALNGT

11.

12. Nuni193auldzannnin 90 LuaLNas
13. lavsgsanaaisznavle

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

nauodgIwlIznauf 4 O) wnsng
AMUFNAUT FINNTIAAZUURIINANUTFUNUT
izvrjwmwﬁaamﬂaa;ﬁ“ﬁﬁ'u*’ﬁaﬁmu@mo
WMARA AIUATLUY 1, 3 AT 9 208719 Lde
mmsmaa%’umﬂ"ﬁmuqﬂmtﬁﬁ%mﬂ%ms_l Ay
1”aqﬁu1é”:chuuﬁm 337% ANSIBIFMA
X55 HANURUNUTAILTZAUASLYY 9
Fonurpauin Jenuaunuiiuein lunie
NAUN ﬂ?ﬂuﬁwwvufi:%’i’]diﬁ:ﬁﬂlauQ&I‘ﬁllﬁﬂu
wazlifanuan Audrqanldziinuniasgiu
ANSIBIFMA x5.5 S A1 TN TN A BT @18 520 U
AZUUK 1 DINWEANIT TANUENRUEI WD
LLam@”\‘igﬂﬁ 3

N8I8IBUTENOUN 5 (E) A2nuLipaLiies
lunanafia LaaIdInNNFNN TV ITR AU
mafiada1e 9 danugunnsnuluiianialae
AL T I mmé’mw”ufimhai'a@;v{u‘[ﬁ: N
¥10337% ANSIBIFMA x5.5 Ny lassasnalés
$usineinleunnnin 300 Alansw laglaFoy
U3 iuA U U N BT 8LA3099 NI BN
Favuiufy Yot nuanisnaia 2 9o i
fanusunusAgaasuTs T1I09 2 Tainuaas
FauU lunanauiu anuduuiiznineiag

[

Wilfiz iUN1A331% ANSIBIFMA x5.5 U AW
G

=

INuALaTd wannin 55 audnas ldla
Qs & v o = v ¥
ANWDL TINNBDI TarnuaniIsinaiia 2 1ok

3

A o o & o A
VL&J ANMURNNUDINY LLE‘T@\‘]@]GEIIYI 3

The Journal of Industrial Technology (2025) volume 21, issue 3

50

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548

<
DOI: 10.14416/j.ind.tech.2025.12.004
ao
UNAANIY
AT Ta R WA a AR
amwdiniudinn v
frudurutiion -
jilduring
g
Trudniufann 5
gt 3
denuguriufiloy 1
o
Ganndsi A
mwnmT &
fakoudsi v N
p
ﬁm"]dﬂ’]]]]i'l‘ﬂ!ﬂ . a o -3 & . - o o o ] n .
<
E 2. &
= a7 2
H ' B 2
: 2 828 3¢
F x| 3 Q| & A 2| & =
= < B 2 2= = e =)
& = g 8| £|= G| g ki
" 2 L ol z| | & Sl2 S
v | IR B 2 o & 5 2= =
13 = @ = |l o i =2| 2 £ =
5 o B - LR LR Bz FlE| T B I
9 = z| &l = = viZ W o B &
A& = Ea Ble 2 95 A g S| 5| = B
& & 2| 3 Bl ux3| 2= By B|IE g =| &
= SRR R S g 5| ¢
- = ' = i = 8 T E| | 8
. § S SR 2| % EEE EE A5 Blw B 2|2
ﬁ”l’llllil\lmﬂﬂﬂb:lﬂﬂl 2 Z|E| 2 5z | T2 =i 14 B § | = 5 E = 2 g x;
B E R NI I E A R A S
@SS w2 B ~LE| 2| 22| B2z E|3| 8|2l 2 &
= | iR S| = Bl ~|E] 2| B2 2 5 = = | @& [
= 5% | 2| & € =g k& £ k| E|l€E 2| E|E &
% 33| 2 3] 2.2 2 -2 | 3-8 eS| |E 2|z 2|3
s-;.;.:.—r;':c—:grgz»;.'aﬂg==a.;
B RIEIREE R E S| EE|EE BB & 2| 2|&
. 4.47lzmunmnsasiumslianuanadidwanuans 93|49 9 3 447|149 150|999 005 10
IV — — =
4.53|flibwaweTasdaftion Wl Fswler 3 9 9 2 453(227 120(1231/ 006 6
- 447 Iy Fovua: lidanuny 1 9 3 447|149 100|666 003 17
awulaansiy = O = 1 T
4.33|Ifemarndudbwin’d 250-300 Alandy 3 9 4433108 100 469 002 20
nmvhiuRzATmEza Ny | 4.40[dRuAvinowaTou 9li dmiumywiaued 9 2 | 4.40(2.20 150 1452/ 007 | 2
ywiniwensus: faawday | 3.31|Tegilduneanbdegldusniluinssasuand: 1 3 2 3.31[166 120|657 003 18
. 4.40[TaswToRwARwRE MU ALTasTafdhis Id e 9 3 440 147 |150| 968 005 | 11
malTuns = i o Er ) 1 | |
413[a:mu11nmm;|ﬂn1mmu i fisunTanida k] 9 2 413|207 |150(1279/ 006 | 5
. . 4.20 'i'an‘l’li'lummin'idi:ﬁm‘mwumwa:mmlu 3 3 3 420140 100 588 | 003 19
n1nEIEwIaLIEe = — e = :
4. wldinalunstinidge 9| 2 420|210 100|882 004 14
™ - & a O | -
arwazanlumsiosasiaas | 433 [FBhhminfmnzaudmiimaude 2 433|217 100|937 |005 | 12
nnugevaslizu fimanuin 4.53|aTagaan o iule 9 3 2 453|227 150(1539/ 008 1
I 4.53[fiMui i Faansnsenula 9 3E 3 453)151]150[1026] 005] 9
v 4.33[mzmnsiamsdewiaus il 3 9|9 3 99 2 433247 150 1406/ 0.07 | 3
nuniemwian 440 fRufiimiugldnufivunaaneaii 9 °9 1 | 3440147 120|774 |004 | 15
szuziBauthanih 4.26[fuAmunaniday luihawih 39 2 426|213 120|1089| 005 | 8
A & -
suziBouduta 4.26 fRuiiEuInidaimniiama 9 3 3 9 2 426|213 1560|1361 007 4
X s = o
SzUENRUDAREN 4.53[fanugeimiumahamunisiy 9 3 3 453|151 100|684 | 003 | 16
A = a
anunvassaidu 440 [fiWufidmiuminunianlnivasiaue 1 ERIE 3 2 |440|220 1201162008 7
nﬂugw-mvfuﬁamum 4.33shumiwdagtnsalang g agluszdumpn 2 433(247 1.00|937 005 | 12
P | g EE.E |s
k m 1 e
I £ E #B B -2 H
H] T E|E E 2E P EE ]
2 w| E|E B85k I = e
EE BB _|E EE &£ (2 3
I3 ElE|B| 2| E|"E g = Z
E 25|52 5 52 2 2 E
E | E|2|&|&8|& FE £le| 8
v e - 1‘_[ = RIE|E|E 2 gk i =Z|2F
BOMARANILNAHAL "I'Viﬂ.l"l!lﬁ :g_ £l HEIE A § RIS
s B E|E|%k| g zF W R 5 2F
= S| B|e|E JE "8 z, £ A E cE
g o =|H|E|&|EF & | F |z B
2T z(vEE 2 )
Bat | ml 2|2 € E Mgl.2 B3R
e Ed B DD R i1 3 G F A
382 g|E|8|8 ¢ MBI ER Y
i :F 2|8 i o a4
=58 2S8R a2 d5 8 8k 3
B3 £ EE| 8|2 & EEARANY
TEALATINAATIHDIRMAT WINARA (ATRI) 710 1927 | 1102|5016 1507 1501 1163|857 | 910 |az1a| 1167 | sae | 70
Sauazanuddgnasaminumenmaia (GRTRI) se2 | 147 898|381 121|121 884|497 698 624 879 301|287
fduanudwy 8 1|4 (11|23 5 107|986 12|13
d' ¥ IW" a en ) o o vAa o VL ' '
E'll“(l 3 muqmmwmaa mﬂgum’mﬂmommugwmsmamsmaau WIRIUR
The Journal of Industrial Technology (2025) volume 21, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech

51



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

HavasEIuLIzNauf 6 (F) wWisuiausussous
namefia g1t ATRI Wz %RTRI LW el
feuanuiAyvesteiuamaiafiin ldwamn
f0 $208191T% TEAUTEMINUIANUFBINNTINL
maitasnuns “fa@;ﬁuiﬁzsi’mumsgm" Wiy
NATINYBIAZUUBANNURFNNUTTEWINIANNABINNT
PaIgnAIaInnaie x A1 IMP fnoazBuacsil
(9x4.47) + (3x4.53) + (1x4.47) + (3x4.33) + (1x3.31)
+ (3x4.20) Winriy 87.19 ilaudaaidu %RTRI J6n
WinAy 6.62 Wasibud

Tugrnvasgandsznaud 2 (B) LUNINTNT
UK EANLUUUALNNITBIE 1AL AL UHIAN
wla Lﬁimﬂué’aﬁmu@naqﬂﬁﬁmauauawiaﬂ'l:ﬁ
PoUNAIE 3 AIAUUIN Ysznaudiy §raun 1
anugimuIndule §1aUR 2 TAuARIne

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

01U 9 ldzdmivnyuiaus’ wazdaUf 3 szaan
damadewiauriignldom LLaméﬁgﬂﬁ 4 3720NY
Fasmunanmame e munsvessinlizneui 6
(F) (QﬂLLaJaommn"lTaﬁ'muﬂmamﬂﬁﬂlumuﬁ 2)
NI RINENIERNa s e usd ey
FIBUHHATWNSTA WU Tarwuanmanaiai
adludadu 80 wafidud dsznaudis szuuiiy
mmgu@%q"ﬁ’m 65-75 LUUALUAT mwgwaﬂﬁx
AN 55 LRAWaT AU sRuld=nnnn 75
Wwudwas szuududagunioiiaia 190 973U
134 ayflu%'ﬂﬁl,gau $28n31 50 LUUGLNAT ANNEN
IFuannnin 90 tudies lassasl@esusimin
leuannia 300 Alansu LLa:fa@;ﬁuIﬁ:mu
NP meé’agﬂﬁ 5

100%
80%
60%
40%
20%

0%

B

gﬂﬁ 4 LLNuQﬁWWLﬂmam:uuuﬁuﬂna

The Journal of Industrial Technology (2025) volume 21, issue 3

52

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

200

150

100

50

a
o oA
IFULDAY..

uInnin 75..
fqIW 1 3@

il

1.4
WM 55 a1,
A
]

1
1nsail

A&
ANUNIINY

a

@

A

FUAMUEIFIT 65-..

cuyl
g
.
uudviiag
1790 1 99 oY

k!

3
anuanldauunnin 90 @u.

AuaIvadl

Tassaaldssuiminle .

a L v
Tranuldziunasam

100%
___________________ 80%

60%
40%
20%

0%

= =1

8 £ %8 3
C =R [y -E’
- @ & -© =
€ .2 ‘= £ 3
e E® Zr E 3
2 & 23 = &
n & @ §n ‘g
it - | i =
—= g = e
z = 2 &
= i@ g -
L &= <

= 2 £
= & %
-~ nZz

Eﬂﬁ 5 NS Inuslaenshnsinau Hiﬂi‘ll MTMABANINATKA

& v = ¢
4.2 HANSNLVDNAN WA IIAEAT
AanmiaszuzIadAnIINIIMILARaklng
) oA o ' & = & A
fauasdnmshnuadlesisud insiwalsluns
o A o 1 & = &
DONUULUEAIAIANT9N 2 lasshandasifud ing
Mrunzauluudaziarwiainan1gu1iinis
sanuunlédzl funuss dsznavludn anugs
& A< a
MNWBTINI (P, = 55.0 LoUAINAT) ANFIVaT
121 (P, = 60.0 L5U&EINAT) ANNTIITERTIIN
a : v v
(P, =48.0 Lruduay) szuzibaniodiuniin
(P, = 65.5 loudLNa3) szpzidaniisnutng (P, =
61.0 LIUANAT) SzazanWuiidaran (P, = 65.8
VEUALWNAT) AN TIIVeITauTT (P, = 79.0
LTUALNAT) ANFINAUTIIBAT (P, =116.0
WIUALNAT) WAZITHINIRYUAIVITAUTT

(x=150.0 LT HALUAT) SINALTaR IR UAINATA

Lﬂmmﬂluﬁmqmmwimﬂﬁ@ﬁasi’mmm"m
@Tmmud’ogﬂﬁ 6 LLﬂ:EﬂLLUﬂ&’mﬁaE‘ﬂﬁ 7-8

A15191 2 AN IANNMNTIATAFIUIINE (RE:

LIUALUAT)

JTULMTIAVUIG PP P,
1. mmgamnv’ﬁruﬁaﬁﬁfo 518 53.0 55.0
2. AWFIVBILTN 54.8 57.0 60.0
3. ANUNTeIERINGIN 40.8 440 480
4. szuziBonfsnunin 655 72.0 820
5. sruziBewfiesnudn 610 730 76.0
6. szuzanuisTadan 658 68.0 75.0
7. anunisvasiauss 56.8 75.0 79.0
8. ﬂaﬁugaaﬁﬂﬁuﬁaawzlmw 113.0 116.0 119.0
9. IHINIAYUAIVBITIUTT X=150.0

The Journal of Industrial Technology (2025) volume 21, issue 3

53

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DO 10.14416/j.ind.tech.2025.12.004

’

UNAMNITY

s
H
s
H
5
H
5
o
o
o

[ ] [

0.75m. 0.75m.

1.48m. 1.48m.

0.75m. 0.75m.

[

1.48m. 1.48m.

31U 7 sunuaulia (ehunsh) 317 8 JunumNila (Funas)

The Journal of Industrial Technology (2025) volume 21, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech

54



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

4.3uan13Uszanaauninale
nan1IUszilinaNuNawalanauuazraINAIWN
iz fUGaugnivesffinig udsaanidu 4 du
Usznauday dud 1 IR RIETICEL PREY
FLAINFLNY ud 2 MITa95LI9IMBuaznyle
% @A 3 ANURaaABLAZIETHTAIN LaTAI
74 ANudanguLaznTUIULG LEAIFIATTITN
3 I@mﬂ:uuuﬂiuﬁm:gmmmLflum IMP 1A ®
TazRuw lituitnseenLULAeLaUaIRA NN
doamaglduindasiiosle lasazuuudszidu
fawnswaw ldzy Judeudneldn 4.35, 4.43,
4.08 LAY 4.23 AMUR1AU WazAsUwl Izl TNAR
mMswaw lazd fuReusielian 4.52, 4.44, 453
WA 4.59 MNAIAU LEAIIALARINTRAINITANAI W
dununldzl fudnudinislianudiagaes
HARAANTWINLGURY 5.93 1asidud
31N @13197 3 LHaRIITHIAIAT LN
anuiaigAnsldedadiaulundazdmn
WU IR U TN R ILRTAINNFEAINELN Y
AlsrulianuidyiuiuildldzyUjiaamesdi
dosflannalaaioowe ielwmaunsnifeniauss

v A v 1 1 QI J
N lUlguldasnsgzaan Taudan IMP tANa®

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

< e 4 v

3.91 1l aimum JININANA admﬂuﬁ'ﬁammga

(2 '
v aA a

Jiuszaule SAundsanasau g Idz uazazain
domsaewiausignldonn aglu 3 suauusnild
ANEIATY AINITTAITUTINNILUAZNIT T
dlfnuldanuddyivanumuisnzaddsly
miiad%'u;ﬂ’l‘ﬁﬁﬁ‘ummm%ai‘aLm%ﬁl,mﬂ@mﬁ'u
lagraunswamuuuIdnsliazuuudl IMP
'ﬁ'goﬂ'jwﬁmﬁ'u 9 71 4.43 UAzRAIRAWULUI9S
1 IMP 71 4.44 [RuT WA 0.23 1Wofifud 1wie
drdarauanudanluanindnisinsunui
wWisuifisuruguisegludaurie 9 il
ﬁg]'Lﬂ%ﬂuLﬁmuﬁﬂuiﬁ:ﬂﬁﬂ'ﬁmuﬁwuuuﬁ
Inffeans druaudasanBuazlgdoIAIN
Fldsmlinnuidyiunsesnuuuifanus o
TRsnnieannuLdLIa nNITUIaLS D Fedidn
IMP L‘ﬁ'uﬁugaq@ﬁd 11.03 1Wasiiud Gesanndas
AudaMUFNRUSIZRINANNGRINM T AL
Forrnnaniamafafilssifudronzunn 9
(NuFNRBTNN) uazluduanudantuuaznis
Uinuds glenuldanuddgivanuauninsa
ldzlun1svessvaUniniiain landa IMP

a X ¢ = & A a Y
LANYW 8.51 LUaILTue L&lawa'ﬁm']sluﬂ:l']u@]aﬂﬂ’ﬁ

@131911 3 61 IMP fiauuaznasnamauuuuldzdfuanuss

AN NORNAIWI WRINGW Ao IMP iLANEY
M TILALANNREAINFLNEY 4.35 4.52 3.91
AITBITUT M BURZNNTREINY 4.43 4.44 0.23
ANNURBANBUAZLEDETAN 4.08 4.53 11.03
ﬂawwﬁﬂmjul,l,a:nﬁiﬂ%'ul,t,@id 4.23 4.59 8.51

The Journal of Industrial Technology (2025) volume 21, issue 3

55

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

Ildzdfidaugrsansndansgdnyoiiaiale
WU Jen srauanudmanylu 5 auauusn ugas
IWdwinmsnamduiuuduwiliuaauanosse

mwmadm?ﬂaagwmﬂwﬁmmu’lunnm

5. d@3ua
nuispitiimawaunldzUfiaauielas
ﬁﬂmmmﬁaamsmaaﬁﬁmimumimﬁaﬂm
daudwmngaﬁ%m:wﬂd Lﬁam‘sw”wmgﬁmi
I@sﬂs:qn@ﬁaé‘ﬂmmﬂawﬁwﬁﬁmmmwﬁLﬂu
ﬁwuﬂmnﬂw%aﬂi:ﬂauﬁm 6 FIUNAN LA
ﬂi:ﬂqﬂ@ﬂ"ﬁﬁé’ﬂmﬁ@mmm’mmﬂIumiLﬁu"ﬁaQa
é’@ﬁauﬁﬁmimdmim5auvlmmuemﬁ1°ﬁawn'§
Usznouaas 9 szaznisia thadumsinwuawe
Ananzan Donaantildannns 2 u i luwam
aregsnuuTwauuuldzU i nuine nasanle
aunuuswpesldzl fuanusisus laguiung
Uazifiudn IMP 9 ngldnulu 4 dhu Usznavdae
MWD ILAZANNELAINTLNY GIUNITLTES
FINBUALATIT U GIUANURaAA B LAE
WHHINIW WazduaNNEaRE wLazn T TN
NANTUIZLAY WU A1 IMP ARINTWABIA LU
RN NN AowMIWAWINNNAS 5.93 1o diFud 99
waealiiduin dunouldzd franueinamwdu
aa@mﬁaaﬁ'ummﬁaaﬂwsmaaﬁgﬂﬂwsu']ﬂﬁul,l,a:
VL@T%“umnué’m”tyimgiwmaamaa;&’tﬁﬁuﬁuamﬁ@mu
PNAFAFIUINMBLZANUINIIDVBIEAMIT Y
Toifaniafidanlumtmuaduniidniums
1RVUA Lﬁadmﬂmjmjﬁms@?’mzmﬁa'nwnad

FHMUBIUBTTZAUANFINITD LT LTI UN

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

. o o o a ¢ A ' 0%
WANGEIIN® NAUITAUAN B LI UTIN LG8z AwbT
A A v R o P & & &a
RUITOUSAUANANINY DavinliandosiFud nan 5,
50 LAY 95 b LANAIINWNIN FIBUUUIIIN
Qs l&/ Qs - L 23 a wa [ a o v
Wandugs i msssnaldzdjuanusisasevinld
naugWnIdad195 a1 nuaserialidn iMp
o o o A4 a X a
MUWNNTIBITUTIMBLAE T IFIN U AN Y ULN 19
~ IA 1 L3 § lil a k3
0.23 1WasiFue T9a9anaiwds gnUszfinals
wuus9le lunrswaniwisvdaly s1u1In
Uszyndisnisaanuuuniaiainssunieaing
auuuuldzd JUaeusse3s iNanagauaau

WANNzENG e b

6. naansIINdszne
anziInlaTuanuewazinInyais

wyzuna bo i answar un HAWN1TWazAnenae

walulafwszan lawnorlunsd Ty @nwnuaz

\uTayaniagg

7. 18N&1391999

[11 www.dep.go.th/th/law-academic/knowledge-

base/disabled-person-situation.

(Accessed on 13 May 2025)

[2] P. Jongkol, An anthropometric measurement

and analysis of wheelchair users, Research

Report, Suranaree University of Technology,

2018. (in Thai)

[3] J. Sitranon and T. Chotiratanapinun,

Wardrobe design for people with physical

disabilities and wheelchair users, Journal of

Fine and Applied Arts Khon Kaen University,

2020, 12(2), 91-107. (in Thai)

The Journal of Industrial Technology (2025) volume 21, issue 3

56

http://ojs.kmutnb.ac.th/index.php/joindtech



-

1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

UNAMNITY

4]

(5]

(6]

[7]

(8]

N. Adan and S.Z.M. Sawal, Applied
anthropometric for wheelchair user in
Malaysia, Measurement, 2019, 136, 786-794.
Y. Akao, Quality function deployment:
integrating customer requirements into product
design, CRC Press, NY, USA, 2024.

S. Rawangwong, C. Homkhiew, T. Pirom,

J. Rodjananugoon and C. Laosat, Application
of quality function development technique in
combination with kansei engineering in the
design and development of ceramic tea set
products, The Journal of Industrial Technology,
2022, 18(3), 29-46. (in Thai)

T. Pirom, A. T. Kamnerdwam,

S. Rawangwong, C. Homkhiew, C. Srivabut
and C. Laosat, Design and development of a
multifunctional table-chair set for the elderly
people by using quality function deployment,
Kasem Bundit Engineering Journal, 2025,
15(1), 103-123. (in Thai)

S. Phieboolsilapa, P. Srimuang, J. Yarangsi
and A. Pimpru, Design of a welding table
prototype based on ergonomics with quality
function deployment, Journal of Advanced
Development in Engineering and Science,

2023, 13(38), 118-133. (in Thai)

&

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

N. Mekcharoen and P. Ladavichitkul
Approximation of anthropometric data from
basic factor for workstation design of teens,
Industrial Engineering Conference Network
(IE-Network 2012), Proceeding, 20212, 457-
463. (in Thai)

[10] E. Jarosz, Determination of the workspace of

wheelchair users, International Journal of

Industrial Ergonomics, 1996, 17(2), 123-133.

[11] V. Paquet and D. Feathers, An anthropometric

study of manual and powered wheelchair
users, International Journal of Industrial

Ergonomics, 2004, 33(3), 191-204.

[12] R. Ginting, U. Tarigan and N. Panjaitan, The

application of quality function deployment and
ergonomics: A case study for a new product
design of a Texon cutting tool, IOP
Conference Series: Materials Science and

Engineering, Proceeding, 2019, 012009.

[13] R.A. Adrianto, D. Wahyudi, D. Tiaramadhanti,

J.M. Mesinay and A. Juraida, Product
development of mini chamber with ergonomic
function deployment (EFD) method, Turkish
Journal of Computer and Mathematics

Education, 2021, 12(4), 771-781.

The Journal of Industrial Technology (2025) volume 21, issue 3

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.004

-

UNANINY

[14] E. Safira, N. Nofirza, A. Anwardi, H. Harpito, [15] ISO 21542-2011, Building Construction-
M. Rizki and N. Nazaruddin, Evaluation of Accessibility and Usability of the Built
human factors in redesigning library Environment, 2011.

bookshelves for the blind using the ergonomic
function deployment (EFD) method, The 3rd
South American International Industrial
Engineering and Operations Management
Conference (IEOM), Proceeding, Paraguay,
2022, 2050-2062.

The Journal of Industrial Technology (2025) volume 21, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech

58



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.005

UNAMNITY

04 d‘ o Y = a\ ¥ d! % wa
N1 NLLUULASHANWILATIBDY mLLazﬂ%azLaﬂmwsmmamamfuum

a a a 61 2*
e WIRNAW? LAz DTN ANDA

" matrunalulagiansa i, Insabnaluladaasnnysy,

NAINLIAY L‘YlﬂI‘HIa AwszanunawIzuasinite

2 gudU fuaniapuazswannwianssuuuunaukany, Moldunaiuniaimsigamnnim,
anIngnspinaluladwszasuinswszuasinile

’ ;‘Tﬂizmm’mmmm‘i (Corresponding Author), E-mail: sathaporn.s@cit.kmutnb.ac.th

INTUUNANMN: 20 WOHNAY 2568; IRANLNIKUNANL: 4 FIMAN 2568; THNADUTULNAINU: 12 NHhenh 2568

TunaunTaawla: 9 SuINAY 2568

(2
A A4 o

o 1 ') 4 o V a v A o an
G :mmaﬂummqﬁs:aaﬁaaﬂLLmJLLa:wwmm%a\‘imLLa:ﬁua:Lﬁmmmmamaqum W10
muquqmwgﬁuazmw%ﬂﬁ Lﬁwﬂixa‘ﬂ%ﬂ’]wLLa:ﬂ’J’]&Jﬁﬁ’WLﬁuaIuﬂ‘i:U’)uﬂ’]‘iLLﬂ‘igﬂW%ﬂ LA389N
WAWIWUTENoUMIY TTUUAINIAULRIAI8ANNTaNIINTaLa a3 WA muquqmvﬁnﬂmmﬂmaﬂuammm:
lalasnanlnyataas WiouuaaINarIWniNge LCD warssuuiuaziduaaunsnlsuszauainuaziaua be
él"amqmﬂnﬁﬁ"lﬁgmq@ 160 °C a’mmi‘n@aaawuﬂwqmwQﬁﬁmmmu‘lumi@ﬁag;ﬁ 80 °C 1o NLan L
71138 LCD ﬁm’mamcﬂLﬂﬁam'mLﬂ%aai‘@qnmgﬁﬁn’éa 2.05 °C Tn1INaaaInuUaANNTUINANNTA
fwuua by 70, 75, 80, 85, 90, 95 Lz 100 %RH WUINANANNTUN 85 %RH zlRnaunay Fuadaa wazls

> A Aa o Af o oy o A o [ o o A o
VATUNNTAY 9 U LaunINWAIN T NAR0INHIRINITNG® 500 NTU RAINIIAIAANILARD 457 NTW
& ’ L a o o ed A o A A
PUADWAITUWNLINTIILIAN 3-5 U I%Naawwmm:awwq@ TaunIvinauadiaIodlunitssauns
NAG LTaaas 18 wIfl (A7 9 W, STunBANIan 5 Wi, Ui 4 w1f)

o o @ A < A o ¢ a X o o & a a v & o [N
A1dN U LATAIANININ; Lﬂiaﬂﬁuazlﬂﬂ@; ANVUTURUNND; 33UUﬂ'§UQNE}mWQN; WiﬂLLV\\?ﬂGﬂ@]I%N@]

The Journal of Industrial Technology (2025) volume 21, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech
59


mailto:sathaporn.s@cit.kmutnb.ac.th

MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.12.005

“
UNAMNITY

Machine Design and Development of A Semi-automatic Machine for
Roasting and Grinding Dry Chili

Wichok Promdaung'? and Sathaporn Sitthiwong™*

' Department of Electrical Engineering Technology, College of Industrial Technology,

King Mongkut’'s University of Technology North Bangkok

2 Center of Integrated Innovation Research and Development under Industrial Standards and
Technopark, King Mongkut’s University of Technology North Bangkok

" Corresponding author, E-mail: sathaporn.s@cit.kmutnb.ac.th

Received: 20 May 2025; Revised 4 August 2025; Accepted: 12 September 2025

Online Published: 9 December 2025

Abstract: This research aims to develop a semi-automatic roasting and grinding machine for dried chili
peppers that can control temperature and humidity as desired, in order to enhance efficiency in the
processing as well as improve the consistency of the output. The developed prototype consists a dry
chili roasting system using electric heater heat controlled by a thermostat and microcontroller, with
results displayed on an LCD screen, and a grinding system that allows adjustment of the fineness. The
maximum temperature can be set at 160 °C, but experiments show that the optimal roasting
temperature is 80 °C, with the reading on the LCD deviating from the reference thermometer by a
maximum of about 2.05 °C. In experiments with defined relative humidity levels of 70, 75, 80, 85, 90, 95,
and 100% RH, it was found that at 85% RH, the chili produced a pleasant aroma, bright red color, and
took about 9 minutes to roast. The dried chili used in the experiment initially weighed 500 grams and
reduced to about 457 grams after roasting. In the grinding process, and it was found that the period of
3-5 minutes. The work of the blending machine was 9 minutes, with the heat radiated 5 minutes before

the blending, and the blending time 4 minutes, altogether 18 minutes, for one working round.

Keywords: Chili Roasting Machine; Fine Grinder; Relative Humidity; Temperature Control System;

Semi-Automatic Dried Chili Processing
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Abstract: This research designed a Box-Behnken experiment and analyzed it using surface response
methodology to predict the boring process of carbon steel grade S20C. The experimental variables
encompass speed from 800 to 1,700 rpm, feed rate from 0.04 to 0.08 mm/rev, depth of cut from 0.10 to
0.50 mm, and overhang length from 45 to 55 mm. The experiment found that all the main factors
affecting the surface roughness values were speed, feed rate, depth of cut, and overhang length. The
surface roughness values increase significantly as speed decreases. Moreover, the surface roughness
tends to decrease when decreasing the feed rate, depth of cut, and overhang length. The optimal
conditions for surface roughness (R,) of 2.267 micrometers were speed of 1,685 rpm, feed rate of 0.04
mm/rev, depth of cut of 0.39 mm, and overhang length of 45 mm. The experimental results were
confirmed by comparing the predicted values with the actual measured values from the experiment, with
a maximum surface roughness prediction error of 5%. The comparison of the experimental results
revealed that the mean absolute percentage error value of the surface roughness was 3.16 percent,

which is less than the specified error value and remains within the acceptable range.

Keywords: Box-Behnken; Boring; Speed; Overhang length; S20C carbon steel
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9 1200 (0) 0.06 (0) 0.3 (0) 50 (0) 2.912
10 1,200 (0) 0.08 (1) 0.1 (-1) 50 (0) 2.988
11 800 (-1) 0.06 (0) 0.3 (0) 45 (-1) 4.124
12 1,200 (0) 0.04 (-1) 0.3 (0) 45 (-1) 2.763
13 800 (-1) 0.08 (1) 0.3 (0) 50 (0) 4.281
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M13199 2 (Aa) NMIMARAATIILFINIVNIINARDILAZNITDONULUNIINAR D

aMeu AnwNsseu ansilan anuanlwnsan Anugeadn  A1ANaTIRIERY
(soU/wf) (HaaLuas/v01) (HaaLums) (HaaLums) (lalasasg)
14 800 (-1) 0.06 (0) 0.5 (1) 50 (0) 4.355
15 800 (-1) 0.06 (0) 0.1 (-1) 50 (0) 4.102
16 1,200 (0) 0.06 (0) 0.1 (-1) 55 (1) 3.011
17 1,200 (0) 0.06 (0) 0.3 (0) 50 (0) 3.105
18 800 (-1) 0.06 (0) 0.3 (0) 55 (1) 4.091
19 1,200 (0) 0.04 (-1) 0.1 (-1) 50 (0) 2.768
20 1,200 (0) 0.06 (0) 0.1 (-1) 45 (-1) 2.817
21 1,700 (1) 0.06 (0) 0.3 (0) 45 (-1) 2.356
22 1,200 (0) 0.06 (0) 0.3 (0) 50 (0) 2.920
23 1,700 (1) 0.06 (0) 0.3 (0) 55 (1) 2.878
24 1,200 (0) 0.04 (-1) 0.3 (0) 55 (1) 3177
25 1,700 (1) 0.06 (0) 0.5 (1) 50 (0) 2.829
26 1,200 (0) 0.08 (1) 0.3 (0) 55 (1) 3.136
27 1,200 (0) 0.08 (1) 0.5 (1) 50 (0) 3.198
28 1,200(0) 0.04 (-1) 0.5 (1) 50 (0) 2.874
29 1,700(1) 0.06 (0) 0.1 (-1) 50 (0) 2.287

7) N13AAI1ERnIInanay (Regression
Analysis) sa3dnauTBIzAlumIndsndiuglu
dunsiienzidianuarpssianudiugsdns g
fa anuiiseu aanteu anuanlunsaa was
CPREERP RS Iﬂﬂl%iagamnmiﬂmauﬁia
ﬁﬂmﬁmﬁ'ﬂﬁmmw:ﬁm&iammmi;mi:ﬁﬂmw
1Usunya Design-Expert 8.0.6

8) Msmdransfimunzanlunings lu
fniazld Response Optimization 1#n15f113 04

Lﬁams:@umadﬁaﬁyﬁﬁwa@iammmm?ﬂizﬂ’s

'
1o

(R,) Hdnga

3. an19vauazanise
3.1 MIATVFDLANNYNABIVDINIINAADY

W aNaRe A N LNBNITNARBILED N3
mnaauqmauuyﬁ 3 dszniy Ydsznavaay
NNULEAINIILIIUINTDYAULLLNG (Normality
Plot) N3 W e LA LW S adagauaIAweInTol
(Residuals vs. Predicted) LaznITWLEAIATLA L
IMABAERIAUNIINA8aY (Residuals vs. Run)
LLam@”agﬂ‘ﬁ' 2 wui Tayadinaniwuaziaang
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fﬂ’mgﬂﬁ 2 (n) tdwn13u8aIn3 W Normal

Probability wuinliddfidadndifadulunsmw
@”aifummmaﬁgﬂvleﬁw Tayanisnouauadiing
wanuasduwuuudnd [7] wananit gﬂﬁ 2 (V)
WU AamnRaiinsnensanduwuuudsszuas
fimInszanudansauiduasensnans (Center Line)
ayulddn ﬂ"1Lﬂumﬁavl,ajﬁLLmIﬁfu%%agﬂLmuﬁ'
UU1a LLazgﬂ'ﬁ' 2 (A) Az ladn Tayadaiing
nyzaneaf i enusuN iR UG UM INanai
Wuuwa liuwsadanusunuifsunsnananisal

% A, Aa aa X
lansaaanlidanfiaUndfiadwlunin

32man Lﬂi’l:ﬁzﬂu,umi"mmn'ﬁnmnaﬂwmaaaﬁ
MANEENYDIAIANNYTY TR
PINHAMINARBITIIDInAN I NsSiNaden
gﬂl,mm‘haaamsnmazlmaaﬁaﬁmmmmad@h
ANV 1agWaNTMI2NAN Sequential Model
Sum of Squares A148&1A7Y (Adjusted Coefficient of
Determination: Adj-R?) tLae Predicted (Coefficient of
Determination: Pred-R?) ﬁﬂ"]fg\‘i LALA Lack- of-Fit
lifivinindty waasasansefl 3 wud f R, San
wanzaunuUuuunsiseaduduldmiaziuuy
89589 (Quadratic Model) F9iifn Adj-R? iRy
97.34 1WasiTud uas Pred-R? uaz 93.64 Wasidua
I@ﬂﬁﬂ'ﬂnﬁlﬁmﬁ'mm:mnnd’lgmmuﬁu 9
uazd @1 P-Value 289 Lack-of-Fit LYiN1N' 0.4212
FIunninszeuty g1A 1 0.05 (P> 0.05) G
winoaNuIzliuuitsassumInanalia ey
sUnudaya X ﬁm;ﬂ”lﬁdwgﬂaﬁ’waau%uﬁﬂﬁd
%%agﬂuuuﬁwé’maaﬁmmmm:auﬁaﬂ‘ﬁ’tumi

& a A
wmﬂimmmwm‘gmzmmaﬂ [3, 4]
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P a & P = 9 = Y &
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Sequential Lack of Fit Adjusted Predicted
Source
p-value p-value R-Squared R-Squared
Linear < 0.0001 0.0274 0.8507 0.8108
2FI 0.8870 0.0183 0.8229 0.6734
Quadratic < 0.0001 0.4212 0.9734 0.9364 Suggested
Cubic 0.3324 0.4633 0.9789 0.7877 Aliased

33n199AsEanunddsInaIa1Al1N
VIVIH

ﬁnﬁ]’aya@hmmmgm:ﬁ’mﬁLﬂi’]:ﬁmw
wstsuwasess Wednwrindiaselaend
HANIENUABANNYTYTZA PsrauanuLDasin 95%
s2auked1AY 0.05 a1allsunsa Design-Expert
8.0.6 WU3191NNINAREY R Square JA1L¥INNU
98.67% Wazf1 Adjust R Square J61WNU 97.34%
fidwnnin 75.00%% 98 anunangindiminenu
wlnnuludayaanupyesia mansnafuneld
doadanmMIneaad 93.64% uaadinteyaan
NINARBIFAAARBINU WU UIIRBIN1TOADBY [6]
WaNIINIAAN Lack of Fit {61 P-Value 111y
0.4212 LRI IALAUINRNNNTDANBLFINTLAIAINY
1799 R Nuandn el ddbddny uas
au1sndezide b ldarun1sieziainy
wilsdsm Teanamadiaseiasnan asenen 4

lopdsunfignunisnasss Ao

Hy: Tadnldfinadaninuayusziawanndn
AM3UaYU LNIA S20C

H,: Tadbfinadannuayzuwinndaniuan
LNIa S20C

NAINT 4 FmITensifszauanudosu
95% n3afiszauindAty 0.05 Sinmainsdadula
ot P-value fid1iannin 0.05 2UF a5 H, 59
winefdasein 9 nadeanuYVIEAI M0N0
agﬂ"lﬁ@”o@ia"l,ﬂf:

1) MINANLATITUAAN ﬁ'ﬁwa@iamwmmz
A7 wuindeatsanaiiseu aandew anuanle
MIna uazaNEsINde Geld P-Value o
nd1 0.05 33U iasaundzu H, ayuldindade

o

ﬁ?ﬁ‘mmﬂb\mﬁnﬁNa@iammm‘;m:ﬁaamoﬁﬁfﬂmﬂty
7] LLa@wﬁgﬂﬁ 3

2) M33a TR Tas s 9809 A NadanN
2729277 wohisiassesasfdsanuiey
Fafiein P-Value ¥annin 0.05 339 N30 e
suN@Az H, a3llddndedsisiaeiuasnnnuii
soudinasiannuYTEN adwilitudAzy

3) M eAaseeuaInsen Adnadanny
2723260 wuifadueuasnImEninanuEisey
fiuanugneuie Galidn P-Value iasnin 0.05
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P a & ' a = o &
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Source Sum of Squares DF Mean Squares F-Value P-Value
Model 9.66 14 0.69 74.30 < 0.0001 Significant
A-Speed 8.08 1 8.08 870.00 < 0.0001*
B-Feed 0.086 1 0.086 9.23 0.0089*
C-Depth of cut 0.22 1 0.22 23.49 0.0003*
D-Over Hang 0.15 1 0.15 16.62 0.0011*
AB 1.122E-003 1 1.122E-003 0.12 0.7333
AC 0.021 1 0.021 2.25 0.1560
AD 0.077 1 0.077 8.29 0.0121*
BC 2.704E-003 1 2.704E-003 0.29 0.5980
BD 0.036 1 0.036 3.91 0.0681
CD 3.423E-004 1 3.423E-004 0.037 0.8505
A? 0.95 1 0.95 102.00 < 0.0001*
B? 1.816E-004 1 1.816E-004 0.020 0.8908
c? 5.757E-003 1 5.757E-003 0.62 0.4442
D? 0.022 1 0.022 2.36 0.1465
Residual 0.13 14 9.288E-003
Lack of Fit 0.100 10 9.995E-003 1.33 0.4212 Not Significant
Pure Error 0.030 4 7.519E-003
Cor Total 9.79 28

nanewma * wnsivinniinadennuuusziiadwiituieny (P<0.05)

Perturbation

45 |
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T T
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LA 5ﬂﬂ§’1ﬂ’]§ﬂ 2t LNIa S20C
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MANZENYBIANTVIAD nutaslunmmassd
léun anuisisey sastden anudnlunisaa
LazAINENIaNER I@ﬂslfﬁj”agaﬁnﬂmsw@aaa
Lﬁaﬁﬂmﬂaiﬂﬁmmwzﬁwa@iamm'}m;m:ﬁ's
lagfruanNisIeL 3 320y aanteu 3 520U
ANNANIUNITAR 3 TTAU KATANNBIIGINT @
3 32AU UFAIAINITNN 1 TRPIE R R BV TR eh
aanaun 9ana taoldlusunsy Design-Expert
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M13190 5 Nﬂﬂ’ﬁ’?Lﬂi’]Zﬁ;ﬁﬂLLUUﬁWa@dﬂWiﬂﬂﬂaﬂ

Sources Boring Turning
Std. Dev. 0.099

Mean 3.15

CV. % 3.15

PRESS 0.40

R-Squared 0.9779

Adj R-Squared 0.9719

Pred R-Squared 0.9591

mﬁmm:vﬁ‘gﬂme‘imaamimnaﬂmaaﬁﬁ
pasmIndaniiuglu wudt Adjust-R Square 91N
manasaudanlnaifiaenudi R Square Gaiiung
dudunanisnasasliiiuinzluuudiaesns
nmaﬂﬁvl,@ﬁﬂugﬂl,muﬁl,mwmu WUI1 R Square
vosmInisaduzludenriniy 97.79% %dﬁ@hgd
sannagd ldidianuegsziafinansznuan
Tassimwuade anusisay sanilan Anuan
lun1sea wazaruednie S9id1 97.79%
§audn 2.21% iunaanidass sug Aldawnin
awauld 1Fudeiuen Adjust-R Square 6
WinRy 97.19% @ 98@1u1nninen Predicted R
Square Laniay T98ANAY 95.91% uaasld
Lﬁu'jﬁﬂmm]’agalumswmaaﬁmmLﬁmwa@ia
ANINARES HANINNANUINE CV. BaIAINY
23052H7 AAWNAY 3.15% Fadudnidandnodn
uaziaunin 10.00% LLaﬂﬂﬁLﬁuﬁagﬂLLuuﬁmm
gunTnanasdanuainisalunisnensoien
AMWUFVIZAT [8]

NAN59R 5 endudszinsuasaaudsiasslu
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3Uuuy (Full Model) s'ﬁmumia]zag'sl,ugﬂl,l,uumad
Regression Equation in Coded Units %aa:ﬁad
TR EVRIIZA UL T8 Immgaqmumu
a1 1 mﬁwqmumuﬁw -1 LAZANAIINAIDE

UNUAIE 0 LEAIAIFNNITN (1)

R,= 13.93550 - 09.75413E - O003(A) +
5.06389(B) - 1.62868(C) - 0.23269(D) -
1.86111E - 004(AB) + 8.02778E -
004(AC) +  6.16667E-005(AD) +

0.65000(BC) - 0.095250(BD) + 9.25000E
- 003(CD) + 1.88724E - 006(A2) +
0.13229(B?) + 0.74479(C?) + 2.32667E -
003(D?) (1)

#ANAINH INNFNNITOAD LN 1GNNS
ez 694 2-Way Interaction fisznavlddae
1338aUATNILITINING ANNIIToLNLaaTNTan
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1 a =3 3 [
A9A21NYIVITHIVBIAANNAIANTUOY 1NTA S20C
= o % % > aa ]
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daw waninitdrnwlifanuuandiain az
N17W19NA1 Adjust-R Square ﬁﬁmgaﬂﬁwﬁ
szautdany 0.05 lapAraudszinvasdiuds
daszlumsiianzinmnanesazldaunissiass
uuuaa3l (Reduced Model) %mumm:a;ﬂu
3UU DUV Regression Equation in Coded Units
B9z RaaTn v ETa9TraULAazTasE 1a RREAED
ZUNWAY 1 @i’]@ﬁﬁqmumuﬁm -1 LRZAATY

NANIZUNUAIY 0 LFAIAIFNNIIN (2)

R,= 10.38959 - 9.46695E - 003(A) + 0.42250
(B) + 0.67417(C) - 0.054400(D) +
6.16667E - 005 (AD) + 1.82404E -
006(A?) @)

wananit MaSsufisunaniswensaiuas
sunadugL (Full Model) W3suifisunuaunny
a1 (Reduced Model) [9-10] LEAIRIANTIIN 6
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(Response Surface Plot) 1831121179588 U3
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ABUAUHBIAY (RSM) [11-12] IINKHANIINARD
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Predicted Actual Error R-Sq (pred) Predicted
Model R-Sq %
(um) (um) % (um)
Full Model 2.280 2.433 0.306 99.72 93.44
R
: Reduced Model 2.267 2.433 0.875 97.79 95.91
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B: Feed Rate

{ A‘ a { a v v
E‘.I_Iﬁ 5 ﬂﬁ‘V\lwummauauamm@mmaxﬁmmmwaaﬂaa Elsl,uﬂ’ﬁﬂﬁdﬂ’l’]uﬁiul,ﬂgﬂﬂﬂ']ﬂ']guFJ‘LL L1N3a S20C

A1519N 7 @ham’s:ﬁmm:mmad@hmmm?m:ﬁamﬁﬂ

Speed Feed Rate Depth of Overhang Prediction Desirability
(rpm) (mm/min) Cut (mm) (mm) (R,) (%)
1,685 0.04 0.39 45 2.267 100

@1579% 8 mil,ﬂ%'zmLﬁﬂummwm‘gms:ﬁaﬁﬁwmmmrwaum‘mmamm:ﬁwmwm?mizﬁamﬁaﬁi’@vlﬁﬁu

Depth Actual
Speed Feed Rate Overhang R, Cal Error el
No of Cut R, — x100
(rpm) (mm/rev) (mm) (F) e, =d,-F, d
(mm) (d) !
1 1,200 0.06 0.5 45 3.05 3.198 0.148 4.628
2 1,700 0.04 0.3 50 2.426 2.538 0.112 4.413
3 1,200 0.06 0.5 55 3.307 3.286 -0.021 -0.639
4 800 0.04 0.3 50 4.117 4.052 -0.065 -1.604
5 1,200 0.08 0.1 50 2.979 3.125 0.146 4.672
6 1,200 0.04 0.3 45 2.716 2.893 0.177 6.118
7 800 0.06 0.5 50 4.328 4.289 -0.039 -0.909
8 1,700 0.06 0.3 45 2.349 2.503 0.154 6.153
9 1,200 0.08 0.3 55 3.165 3.288 0.123 3.741
10 1,700 0.06 0.1 50 2.297 2.418 0.121 5.004
Total 31.576
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Abstract: This research aims to investigate the influence of installing flow obstructing devices within the
paddy drying duct and the drying air temperature on the paddy drying process. Experiments were
conducted using 3 kilograms of Thai jasmine paddy rice 105 with initial moisture contents ranging from 21-
25% wet basis. The drying air temperatures were set at 60°C and 80°C, with the target final moisture content
reduced to 14% wet basis. A small-scale prototype dryer, 2.5 meters in overall height, was developed for this
study. The heat and mass exchange zone was designed as a straight cylindrical vertical tube, 4.5 inches in
diameter and 1.5 meters in length. Two configurations of the drying tube were examined: (1) a straight tube
without an internal helical fin, and (2) a straight tube fitted with an internal helical fin. Each configuration was
tested in triplicate, focusing on the increase in grain temperature, the reduction of moisture content over time,
drying rate, and the specific energy consumption. The results showed that the use of the helical fin
significantly enhanced heat transfer to the grains compared to the plain tube. At a drying air temperature of
60°C, the grain temperature increased by more than 4.47% under identical testing durations. This
enhancement contributed to a 56.67% improvement in the drying rate, while the specific energy consumption
decreased by 21.42%. A similar trend was observed at the higher air temperature of 80°C, confirming the
beneficial effects of installing internal flow obstruction devices in enhancing heat transfer and improving

overall drying performance.

Keywords: Flow-Obstructing Helical Fins; Paddy Dryer; Drying Rate; Specific Energy Consumption
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Abstract: This research aimed to develop and evaluate the performance of a prototype herbal drying system
by integrating thermoelectric technology with a conventional solar dryer. The prototype system consists of
three main components: a solar drying chamber, a thermoelectric drying chamber, and an air circulation
system. The process utilizes the hot side of Peltier modules to generate hot air at 58 °C, while the cold side
condenses moisture to reduce relative humidity. This enables continuous and accelerated drying compared to
traditional dryers. Experimental results showed that within 4 hours, the system could reduce the weight of raw
materials as follows: fingerroot by 61%, moringa leaves by 50%, and ginger by 58%. These results reflect the
hybrid system's superior ability to control drying conditions compared to sun drying and conventional solar
dryers, in terms of temperature regulation, drying speed, and reduction of relative humidity within the system.
Since studies on thermoelectric drying systems that incorporate condensation and practical application remain
limited, this research presents a novel approach for herbal drying in Thai community contexts. It helps
preserve the quality of raw materials, allows for indoor use, supports clean energy utilization, and

demonstrates potential for sustainable scaling.

Keywords: Dehydration; Thermoelectric Dehydration Unit (TDU); Solar dryer; Thai herbs; Condensation system
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Abstract: This study investigates the thermal fatigue behavior of XLPE copper main power cables within
the electrical distribution system of the Industrial Technician School Building at RMUTSV. Real-time
measurements of temperature, current, and voltage were collected over a one-month period, revealing
significant thermal fluctuations in the main conductors. Multiphysics simulation results indicated that
Phase B exhibited the highest mean temperature of 30.82°C-approximately 12% greater than the other
phases-leading to a maximum voltage drop of 1.40% and a peak energy loss of 0.00485W under
high-load conditions. The copper conductor in Phase B also experienced thermal stress reaching up to
85% of its critical limit. In addition, a Machine Learning model developed in this research achieved 92%
accuracy in predicting thermal fatigue risk. The results contribute to proactive maintenance planning and
optimized load management, effectively reducing energy losses and extending the service life of XLPE
copper cables. Overall, this work represents a significant advancement toward intelligent, reliable, and

energy-efficient electrical infrastructure in real-world operational environments.

Keywords: Thermal Fatigue; XLPE copper main cables; Multiphysics Simulation;

Machine Learning Prediction
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Abstract: This research presents a zone-automatic vegetable irrigation system designed to reduce timely
basis task. The system utilizes water from a 750-watt submersible solar-powered pump energized with
three 330-watt solar panels. This system consists of main board that measures water volume using a flow
rate sensor, providing data to control four sets of 1-inch solenoid valves for zone-by-zone irrigation. Each
valve is controlled via LoRa wireless communication in a direct point-to-multipoint topology, which
minimizes wiring and enhances installation flexibility. Water volume for each zone is defined in codes. The
system supports six sprinklers per zone, each spaced 4 meters apart-twice the typical spray radius used
by local farmers-covering 96 square meters per zone, totaling 384 square meters across four zones.
Experimental results show water flow rates ranging from 42 to 54 liters per minute under solar irradiance
levels of 600 to 1000 watts per square meter. The developed system increases labor productivity,
conserves energy, promotes clean energy usage, and is adaptable to drip irrigation systems. Future
development includes optimizing energy efficiency for the valve-controlled circuitry to extend battery life

and increasing pump capacity and valve size to expand irrigation coverage per zone.

Keywords: Automatic vegetable watering system; Water plants by zones; Remotely control water valves
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Abstract: This research aims to assess and analyze the amount of carbon dioxide equivalent emissions,
explore and evaluate the potential for carbon sequestration, and propose a possible carbon neutrality
operational approach at Rajamangala University of Technology Rattanakosin, Wang Klai Kangwon
Campus. The study follows the guidelines of the GHG Protocol and ISO 14064-1:2006, covering the
identification The study follows the guidelines of the GHG Protocol and ISO 14064-1:2006, covering the
identification of emission scopes (Scope 1 2 and 3), activity data collection, and calculation of emission
factors. The study found that in 2024, the campus emitted a total of 1,607.89 tCO,eq year. The main
source of emissions was electricity consumption (Scope 2), accounting for 72.33 % of the total, followed
by Waste management by landfill, Methane emissions from wastewater treatment systems and Fuel
consumption for official travel. Meanwhile, green spaces within the campus were able to absorb up to
930.52 tCO,eq /year, resulting in net emissions of approximately 677.35 tCO,eq /year. The research
also proposes mitigation strategies, including energy efficiency improvement, renewable energy adoption
and carbon offset programs, to support strategic planning toward achieving carbon neutrality in higher

education institutions.

Keywords: Carbon neutrality; Sustainable University; Carbon footprint
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Abstract: This research investigated the effects of regulating airflow rates into the reactor chamber of a
direct-fired iron ore blast furnace equipped with an air preheater. The primary objectives were to
enhance smelting efficiency while concurrently reducing fuel consumption. The experiments were
centered on two critical variables: (1) the frequency of electric current supplied to the air supply device,
which varied between 10 and 50 Hz, (2) the air delivery pattern, which was adjusted through two
settings of the butterfly valve. The analysis of variance conducted on the collected data indicated that
both factors significantly impacted the air velocity at the air holes of the blast furnace reactor layer
(p < 0.001). The findings derived from practical smelting applications demonstrated that optimal
operating conditions varied across different phases. During the furnace preheating phase, a frequency of
40 Hz with the standard temperature air inlet throttle at level 3 and the air preheater throttle closed at
level 0 yielded the best results. In the smelting phase at 1,200 °C, an optimal frequency of 20 Hz was
achieved by setting the standard temperature air inlet throttle to level 1 and the air preheater throttle to
level 3, ensuring proper air mixing with a higher oxygen concentration. By effectively managing these
variables, the research demonstrated significant improvements in combustion efficiency, thereby
enhancing the reduction process. This approach resulted in an average yield of 25.55% mild steel and a

notable reduction in the fuel consumption ratio from 3:1 to 2:1.

Keywords: Ironmaking furnace, Air flow rate control, Air preheater, Smelting efficiency
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Abstract: The objective of this research is to develop a mathematical model of the Mixed-Model
Assembly Line Balancing Problem Type Il (MMALBP-II) with collaborative robots (Cobots) considering
time-weighted average (TWA) ergonomic risk score, and to test the performance of solving the model
using the Branch and Cut method to reduce ergonomic risk for both working-age and elderly workers
through human—Cobot collaboration. The performance evaluation using IBM ILOG CPLEX 22.1.2
showed that the model could solve benchmark balancing problems and find feasible solutions in 63 out
of 75 experiments (84%). Optimal solutions were found in 53 out of 75 experiments (70.6%). On
average, the total %gap of the total cycle time deviated from the lower bound of the average cycle time
by 17.9%. The results further indicated that Branch and Cut could solve small- and medium-sized
problems within the time limit (3600 seconds), with an average optimality %gap of 0% and 4.8%,
respectively. However, for large-sized problems, in 12 out of 15 cases, Branch and Cut was unable to

find a feasible solution within the given time.

Keywords: Mixed-model Assembly Line Balancing; Ergonomic Risk Assessment; Collaborative Robot;

Aging Society; Branch and Cut Algorithm; Linearization
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Envelopes [19] #91dun13a19aun1siinua
maumm’mmzuummNagmmm@?’umiﬁﬂﬁﬂﬁ
Wudwiwaiela 9 dronsiinuaninines
w3 lduddruingauaziasgavednzuuuaim

LRIIANUNTYANRATLRZIIANTAUNIINAAAITE
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. A ° { =
minct = L';miaumma@ng@ﬁLﬂuvlﬂvl@m
AUIUWINNINATN 19
Zig

min(tmip) (19)

NS

minct =

a A oA
maxct = nmsaumwa@gaqﬂmﬂuvlﬂvl,@ﬁm
o A
FUIMANNENNIIN 20
Zig

maxctm  max(t

mip) (20)

NS
minr = ddrganidulyldvasazunuauidog
AIUNITUANEAINUS2Tna21895 RULA
¥y 0 tHasannunsnud idasvinnse

Cobot ¥inunuds lifinzuuuanuiie)

maxr = @iwgdq@ﬁl,ﬂuvlﬂvlﬁm DINZLWHANLRYS
MUNTLAFAsTNUT UG89 RULA T
NUWIFUATIRAAUAYIN ALV LU AL UV DS

MINAAZUBUANNLTLS (LWNNU 4)

TaunITALe aia’%wgﬂlﬁﬁaﬁ']w DULUART
LRZUWYBIATLWUAINNLRIAIUNITUANRASN
Y321l ne2837 RULA 12 R88390 1A BNATNLIAN

tr AWENNTN 21 19 24

NUmk > minct, -tr, +

mk
Ctm -minr - mII’lC'[m -minr (21)
vk, m

NUmk < maxctm -trmk + (22)
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ctm - maxr - maxctm - minr
TPk, m
NUmk > maxctm -trmk +

ctm - minr - maxctm -minr  (23)
; K, m

NUmk <minctm -trmk +

ctm - maxr - minctm -maxr  (24)

TPk, m

ANUATAIINAGIUAITIAIFASTVDILTIING
6 s d' 1 =
B dE19789 h agiuamumu k luwnanig
WWEINUANANTN 16 AA8FNANTN 25
tr < hmrh Wiy

(25)
:Vk, m, h

3.7 38391089 YRINIIASNNAE1LNTS
ﬂi:namﬁmm:%mw?mﬁLLiaa'msJ‘tqwzi‘ua:
Wwanarinusmnuwlagarfefivazunnaina
4 [ ¢
LREIATWNSEANEAS
Cobot Jdltanglunisrinnuwanunisdannis
e, (@'l fngesnn Cobot) lainnn lu
a o dq‘ v a 1 dl 1 U v
NWIRI198I A aasda TIN5l Cobot
A1l T30 U89 Cobot AMTNNIILABNNITNNINY

(2
yo A

GREVARIY LL]J\‘IVL@]@]\‘]%

— dnlddrodruyuoudlunisiinudiniu
AA & o ' a >
g0 RN ReuANIIRadIELILINAY 10.11,
12.79, 18.55, 20.83 %178 lu@13190 2 n19idan
ANIH9IUN Cobot KNI UAILALIFLLRAILD ULAY

0 ‘mnmﬁdugwﬁf*ﬁaa?ﬂi@ﬁﬁﬂdm’[uamﬁmuﬁvlﬁ
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— lugofieruil Cobot FauiIutUARIARY
Anlg3188n 20% LWI1z Cobot Ao lTWaIINY
Wudnlumssnsnenudasasderauiuiy
wgwﬁ’ Y5 SULIHNA TR mwmqmﬁarﬁw

Induysdanniinliauanasgiu 1SO [5]

— lugnrfisrui cobot luldvineu luda
fnlFI18611 Cobot

a13197 2 ugasaregsuazalgsovasnis
Mawluidaznaien

nmssualuwrssmnssuiifsataaale
ms‘ﬁwmmaaLL@ia:muéim%’mmmwgmﬁwgd 2
12978 (WTHIWTBUTINU, ussnuwingiany) lu

grun1vdsznavlddaiiunandlinwanad

o
o o e o @

waRIALY [18] A% mlumsv‘iw’mm BIIIIN

6 '

VNNt luaansUsznaultiiayinnuas

q q

208719 a9 2

Cobot 3ziA7Ut3INaaadtdadasrinennly

A A, ' @ & a v A
Wu‘ﬂﬂﬂm%i’mﬂuu‘%iﬂﬂ [5] LLGZY‘]ﬂaﬂ’mG’m@]adﬁJ

o
v o

] muunmlun’mﬁ’mumaa Cobot t{8

U

fd

&
‘ld:‘l:l'ila

o @ 0 a X
aﬂﬂ’]ﬂ’]u@]')Laﬁqazl’ﬁan’]LW3J°.Uu 30 ﬁ\‘i 40

e

Wasidud [20] asdradnaluansef 2

a1 lun13vin9 uae9 Cobot luanudi Cobot
susarinlaasfidnviinunalunivinuves
LL‘samuugmﬁgmﬁ"uNamiajumnmﬂmmLaJaLL‘uu
tangduuuea oo (Continuous Uniform
Distribution) mmumsﬁ 26

t - U(1.3,1.4) ;vm, i,

r

mi(r+NH) = tm
(26)
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nmﬁ‘tﬂumsﬁwmﬁuﬁ'umaummuugwﬁ
Las Cobot bWANBH UINITHLIINUNUTIN
(Collaboration) LT N1ITIVAUTUHEAABRZTI
vaaFud Miliuysdivdudiuazli Cobot \Ta
v ldnanlunsvinauluawsivanaas wie
60 09 70 wWasidudrasimyinausanyu [20]
Faerognaluanef 2
T91uf Cobot ﬁﬁmuﬁuﬁ'uugmﬂﬁa:ﬁ
TLULIAININNWHIN UL NN TN U 83
WIIUNY B AUHAN TENIINNTUAINUIIULL

LﬂﬂEﬂLLUU@iﬂLﬁﬂ\‘l@]’mﬁNﬂ’]iﬁ 27

Mi((NR h)+NH-+r) — t ., - 100.6,0.7)
;vm, i, r, h

t
(27)

Fas1nan19n1e N WLaLLA3095au89 Cobot
il luun991u Cobot Mianwisarinle vinld 28
wWadiFuduasnulundaziuniinia Cobot la
UTANMIBALI b waz 21 LWasiiuduadinn
Cobot laisnunInyiiunnusinuuysdle [21]
3 Cobot Tisansnrinleasfdn t,, 7L 999
aadaegnsluansaf 2

AR UUIAINL T IR IHNNT IR EASLARZI
posuysinndriandunaannisgudisnis
LANWIIWLUSINIRADY (Triangular Distribution)
AUENNIIT 28 WIITIAa$8INMILINUIEN9D
NnMIANEIIINIIAIuluansnsdsenay
fuABlannIading [16] asmansluansnd 2

r ., = Triangular(2, 7, 5.5) (28)
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Tuwme?i Cobot 119 wlus1u#l Cobot ¥inan
D7 UAZIIANNIINN arfiaiussnuuysdiuge
msvinsulnausalUaaiuazuunanuLFesen
M3eaasluunef Cobot FnewiRpIagnaLina
zfian lifinIUsziiin RULA (AZUushyinnu 0)

Tuwmue? Cobot wazuIsuNyBtinwling
AYN3I0T% AZUURANNLIFDIRIRNNTEANEASH
Tanna 10% N9:5AzuUnaaad 1 AZLWELIIN
mLLuummLﬁlmLﬁiawgwﬁﬁNmﬂmﬁm [16]
IR MAZLBANULED IR T EasIile Cobot
‘ﬁwmm"auﬁ'um&uﬁa:gﬂauaaﬂﬁaUwamﬂmif,ﬁw
ﬁ]’]ﬂﬂ’]‘iLLﬁ]ﬂLLﬁ]\‘iLL‘l_Ig‘Iéaaﬁﬁab@]‘i’]ﬁ’]ﬁﬁ]m’]ﬁ’U 0.1

ANRNNIIN 29 WAZAIDENIUAITIIN 2

FmiovR -y = Fmiz — Bernoulli(0.1)

29
¥m, i, r, h (29)

Wan1InagaudIsANSNINTaIfILLLNIg
adaaiaaslunisuidyninistasugasis
n1sUsznay areg1sdgnilunitsnassslu
mu%”ﬂf:mm”@amlamﬂﬂﬁwﬁmﬁﬂmﬁm
(Benchmark Problem) 31n https://assembly-
line-balancing.de LJWAWULLUY LazHINITRINY
Tywidregredaonisiudaudiiisadasnu
Nuisunly I@]ﬂa']uLL@iazmugﬂLﬁwﬂmu
wdsUsinvasianlunisrineu 30 tasidud
(30%) DBILIANNNITBLAN URZUARSITWE
lamagndiu 20 wasigdud muﬁgn*’ﬂ”ﬂm:gﬂ

AILIRINITANI LHIND O
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A139N 3 LNINTANNTUNUTADURAIVIINY

VOIULTINUIUBIUNA UL U Tutymialadig
a1au
_ _ g% 1 2 3 4 5 6 7

N19Laan r CP tmlp rmlp
1 1 0 0 1 5 1 o 1 0 1 0 0 0
2 2 0 0 1 5 2 0o 0 1 0 1 0 0
3 0 1 1011 134 0 3 0o o o o o o o
4 0 2 1279 139 0

4 0 0 0 0 0 0 1
5 0 3 1855 999 0
6 0 4 2083 133 0 5 0 0 o 0 0 1 0
7 1 1 12132 067 4 6 0 0 0 0 0 0 0
8 1 2 15348 061 5 7 0 0 0O O 0 0 O
9 1 3 2226 060 4
10 1 4 2499 999 4 4 oa A . e e .

7 VDIV LUNINDAINURUNUINO VA RIVDIINY
11 2 1 12132 067 4 L ST
12 2 2 15.348  0.61 5 ﬂ']\')ﬂ{i':ﬂ']ﬂ\‘i']%"]ﬁlﬂl @8 Mertens, 1967 [22] 1708\l
13 2 3 2226 060 4 13N 3
14 2 4 2499 999 4 1ua13199 3 w7 (row) LAz ABANY (Column)

Tynudsuidssfignihanlfidudunuy
vasdyninieluuidvazgnuiseanidy 3
WA AIWTIUINITU NI LT IUIUTUNIINES

NM T weasdgynn

3.8 M1 819L1B9@2Lady (Numerical
Example) ¥a9@1Aaua1nn1sundyninig
a’i’mau@lamﬂmsﬂi:nauwmﬂéumwﬁmﬁ
LLiamuuu‘,ﬂﬁuazﬁusuﬁﬁ’nmu%’mﬁ‘mm:
o K = y (Y ¢
AHINIASUBBAINLTLIATBNITUANEAS
Tugruiaziauaaiatnsvasdinaun laan
maungdiagnmalan 2m7t AdHwIuIHNT

HAS (NM) YinD 2 31 uazd 1w (NI) iy

AUFAIDIATHIN UV 9% wluund | Aduan
Aunaunwnvasnwluaaan j azrinldduni
(i, j) Wiy 1 wazmn ldanusunssiaunaIny
o A ' Qs
NwazviN 0

Nuudaz i luiunauda m azdoaluns
M () ANWUIGIBNITZUVIBNITANNTD 3.8

A

MUMTNN 4

wazd1w i lujun1Inde m aziiazuuuainy
LHUIA I BNITHANTAS (i) NWW 1678

ﬂi:ll’)%ﬂﬂilu‘ﬁ/ﬂ 3.8 MUANINN 5
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M13197N 4 31082 AR TIWLIRINITHIN WY B M15190 5 NUAZLDUAGIUAZULUBAINLREIO U

Tr1a28819WIALEN 2m7t MIBMaasTadIAI8ENIUWIALAN 2m7t
i 1 2 3 4 5 6 7 i 1 2 3 4 5 6 7
L'Jmmsﬁwmwaamulujummﬁ@ﬁl 1 L’ammsﬁwmumaamusluéumwamﬁ 1
P (m=1) P (m=1)
1 1 5 5 3 4 8 6 1 5 5 3 6 5 4 4
2 1 5 5 3 4 8 6 2 5 5 3 6 5 4 4
3 1.34 7 6.55 414 524 104 7.86 3 0 0 0 0 0 0 0
4 1.31 655 6.65 393 556 10.72 7.86 4 0 0 0 0 999 0 0
5 133 69 6.85 411 54 1048 7.98 5 0 0 0 0 0 0 0
6 1.33 7 665 411 54 11.04 81 6 0 0 0 0 0 0 999
7 064 33 335 201 268 5.2 3.66 7 3 5 2 6 3 4 4
8 0.6 31 345 195 276 536 4.02 8 5 4 3 5 4 3 3
9 065 3.1 32 192 268 536 4.02 9 999 4 3 6 5 4 3
10 068 34 32 192 264 5.2 3.72 10 5 3 2 5 3 2 3
11 064 33 335 201 268 5.2 3.66 11 3 5 2 6 3 4 4
12 0.6 31 345 195 276 536 4.02 12 5 4 3 5 4 3 3
13 065 341 32 192 268 536 4.02 13 999 4 3 6 5 4 3
14 068 34 32 192 264 5.2 3.72 14 5 3 2 5 3 2 3
L:lmmsﬁ’m’mmawmlug’ummﬁmﬁ 2 L'smmiﬁw’mmaoa’m‘l,ujumwﬁ@rﬁ 2
P (m=2) P (m=2)
1 1 4 4 3 4 8 5 1 4 4 5 4 3 2 5
2 1 4 4 3 4 8 5 2 4 4 5 4 3 2 5
3 131 548 556 399 52 1088 6.85 3 0 0 0 0 0 0 0
4 137 524 528 417 552 1064 6.85 4 0 0 0 0 0 0 0
5 135 548 544 396 556 1048 6.5 5 0 999 0 0 0 0 0
6 14 544 54 414 556 1056 6.95 6 0 0 0 0 999 0 0
7 067 272 268 189 244 496 345 7 3 2 3 3 3 1 3
8 064 252 276 198 26 504 32 8 4 2 3 999 3 2 3
9 063 26 256 1.8 256 4.96 3.1 9 3 4 4 2 3 1 5
10 068 256 264 207 276 528 3.3 10 3 4 5 1 1 3
11 067 272 268 189 244 496 345 11 3 2 3 3 1 3
12 064 252 276 198 26 504 32 12 4 2 3 999 3 2 3
13 063 26 25 18 25 496 3.1 13 3 4 4 2 3 1 5
14 068 256 264 207 276 528 3.3 14 3 4 5 4 1 1 3
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mnmnﬁﬂtgmmsﬁ'@ampﬁtym@”aaﬂnﬁﬁ

a o ' A =<

NuaztdyauaItYynIaa8190 0019190 3 14
AN9N 5 mmsnfﬁ'@am;mmzﬁ'@msmulﬁﬁ'umzJ
nsdsznaunfanithinn (NS) 1nNU 4 aafian
ldauansns 6 asit

AIMNAITNN 6 G208191T5902La (Numerical
Example) vasfi1aauaainmiuidyniniiasuqga
ﬁ]:LLa@muﬁgﬂﬁ'@mﬂﬁﬁ'uamﬁmulumé’uﬁ t,

6 o = a 6

IRARRPR IS FEIEEL R T IS I waadluaaaydl h,
Cobot 1323718 01%37% waaIuaaanit r, n1aaan
Uszdrgnianw ugadluaaanit as,, L11N13
RN UV IFDIRINY LEAIluADaNY st waz
AZLUUAINLRLIAIWATIANFATEIINAR RN AN
LA LEaIlunaaNh str_

TagamIvinausadganfin (stt_) 3130
o v dl
fuIwldanaNnIIN 29

ZiE] ZpEP

VK, m
LREAZLUUAMNLTILAR DI RBNATINLIAN

tmip ’ Xikp = Sttmk

(29)

PpIranHan (Stl’mk) ﬁ’]%’)mﬂﬁﬁ]’mﬁuﬂ’ﬁ 30

(21'61 2:pEP tmip ’ rmip : Xikp +

(Ctm- z:1'E[ z:pc’_—‘P tmip ’ Xlkp))
ct,,

(30)
=Sstr,,;,
Yk m
anarog19lua13199 6 luganflerui 4 1
Fraudaemaiannsrinaui 10 (SARQUETTsT]
SHUTINUNNUIINGL Cobot Ussinndl 4) vims
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197191 6 FaaunmMIniyrIaIasng

gD t h or as,, st str_,

1 1,2 2 2 4 79,66 0,0

2 3,5 1 4 10 58,54 32,34
3 6 1.0 1 8,8 4,4

4 4,7 1 4 10 56,54 3.8, 3.1

Usznauand 4 uazenudl 7 39ldiaan 1.92 uaz
3.72 muéﬁﬁulujumiﬂi:ﬂauﬁ' 1 wazldiian
2.07 uaz 3.33 muﬁné’u‘tujumiﬂi:ﬂauﬁ 2 1
Tanluwnsvanusessniifi 4 winiu 5.6 Tuiu
msUsznaud 1 uaz 5.4 sl,ujumsﬂs:ﬂauﬁl 2 Ay
fozunuanuLFsITumMIsmManfiadodisimin
AULIaLYNNY 3.8 luéumiﬂ‘i:ﬂauﬁ' 1 18z 3.1

lujumsﬂ‘szﬂ aun 2

4. mInadavlszansnnvaelsd B&C
41U5:EaNDAINVBIAILUUNHIBAITRU A
DANNIITWINNIILBILE

A A A o

WWanagauUszntniwsesanuuldsunsy
FTIURIBLAUNFTNLTILEY (MILP) NH 1 UN1TUY A9
agumsbitduaannsdadu (Itaunsi 2 89 15
LWRTRNUNITA 21 ©19 25 UNUINNITA 16) HANT
ﬁ”umﬁmamJaaﬁ'umuvl,ﬁgmﬂ%'ﬂmﬁwﬁu
fAaUNA WA IAILUUN LU HIBNNTRU RIFNAT
tﬂl =1 L= o [ 1 a v
Faduarnuulusunsndtuwinidunay buiEIan
(MINLP) f'lisrunsudasagunisiiiduaunis
Badu (Ifaun9f 2 e 16) lasmsdumdaay
MUAUY MILP 221535 B&C ’usmanyina3 IBM
ILOG CPLEX 22.1.2 LasnN1TA BRI 100 L8
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@ILULU MINLP 919575 Global Solver (Local
Search Procedure) H1uaaW a3 LINGO 19.0
evanwansiuas cPLEX laisassunisduna
faauffILUD MINLP 119 2 331/5zananasy
ABNNIL@BS Intel Core i5-9400 CPU 2.90GHz
RAM 16.0 GB WazasnsiIoutiisuazuaadlu
a7 7

a1397 7 wgasnann1Inaassnisiaanlu
Tywivwaiinfifisuauaniiionm NS iy 5
LLa:@TunumI%mﬁmﬁuﬂu@T MB L¥i1Nu 80
wuindaeui lain dauuuilidiunisuas
aFUNT (F2uUU MINLP) Itnafingnindauuu
Hrwnsutadsasunsiduiduass (MILP) uazld
eI Ianuufiudssesuninduidunse
(MILP) ﬁﬂlﬁagﬂvlﬁdﬂﬂszﬁﬂﬁmwmawﬁuuuﬁ
Hwnsudadasuniaidulduass (MILP) gaﬂ'jﬂu

nsvdaauluanuiand

4.2 1l5:@N5n1NV0935 B&C
lumuﬁa:ﬁ'}Lauami'ﬂ@amLLfTﬂzym@ﬁazm
lasudazdywiazgnnasasdymaz 3 Tywidas
FoudazTymidasfduuanniiom ns WREAY
lFieduiuoud v Adeiu ludymama
ENNARBIAILNIIMIAUATININGDNA NS LYY
3, 4 48z 5 0% fnnasiwInan huelynn
PINANAINNINY 4, 5 Uaz 6 §AH TMAUATIUIN
sofwasdymiawalugvinny 6, 7 uaz 8 sl
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e a o 4 ' a X .
LWNNY 3 92L3UABN 60 RUILURSLNNUL 10 A8
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A13190 7 wannlIpuiisudiaauvesdynn

PNAENALATYUAIGIBALLL MILP uaz MINLP

Falam1 NS MB CPLEX time LNGO time
2m7t 5 80 16 2.2 16 76.3
3m7t 5 80 122 21 12.7  1hr
2m8t 5 80 197 1.8 211 1hr
3m8t 5 80 364 21 36.8 1hr
2mot 5 80 120 31 131 1hr
3mot 5 80 192 29 216 1hr
2m11t 5 80 161 45 161 187
3m11t 5 80 233 48 247 thr
2m19t 5 80 1.5 48 1.6 1hr
3m19t 5 80 35 302 43 1hr

NNEn i msﬁumﬁmaugm‘hﬁ'@s:mnmﬁ
3600 U

IINWANIINAREY WUIIIINIIRINARINT
NARBININAA 75 N1INARST 63 N1INAREY (AN
I 84 1Wasifud) 57 B&C wusasufidwlyle
(Feasible Solution) 'l&f @9 12 n1snasas @aiin
16 Wasifud) ludgwswmalng ldwudasy

WasanaaniuaslEas B&C dunidiaay
fﬂuﬁ\aL'JmﬁﬁmuﬂLm:"l,@i”wqﬂﬁwmiﬁumﬁ’mau
Tasdliwudiasudiduly'led (Time-Limit
Exceeded) ;sﬂ"?i' 1 LEAINTIWURAIRASIUVINT
nasssinudrnaudwlyle (Feasible Solution)

NN HINUEN1N 53 MTNaaad (Aa
Wu 70.6 Wasidud) 35 B&C wuﬁmauﬁﬁﬁq@]
(Optimal Solution) (%gap L¥inniu 0 Wasifud) la
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meluszpznafitivuae Tasutaduludynn
YUIALEN 30 N1INARDY (100 L asidud) Tyna
YUIANA1I 20 NINARDY (66.67 LUaILTUA) WAz
pu1alng 3 N1Inased (20 LWasifud) gﬂﬁ 2
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80%

Small Size Med Size Large Size total

Size
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31 1 daduveINIINAaaIn

Feasible Solution
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50

ke

-10 Small Size Med Size Large Size

L
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ULRAINAEIBNITNY Optimal Solution ANARHLA
' a )
gaudoIluuN1aIg w0 %gap Indyniudas

YUALFAS IO T19N 8 LLazgﬂﬁ 3
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% 50%
40%
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7777777
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Size
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311 2 dadIUveININAREIN
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19191 8 %gap MNTYRNLULALS

VYRR Small Med Large
Total

Ty Size Size Size
Mean 0 4.89 80 17.95
SD 0 7.47 40 36.43

4.3n131AT1RANN D (Sensitivity Analysis)
Tuguitaznanismmesasiediansiainy
11 (Sensitivity Analysis) 189@2UUL §28A15UT
WI3H 1085189 ULUN IR BarEn 099213
NARDININUA 4 N15NARoILN LT sunad9Ldy
wefifudvasdnihnansnanumaumMINGann
JUNIHAR (T, ,Ct ) ﬁuwamiﬂmaamzﬁﬁugm

(2

IA { o A
(Base Case) T9iT8a8aeUaNTHNN 9 A9t

M13197 9 INURZLAUAVBINIINARDILWNT D

ﬁug’m (Base Case)

#ITD INeazLa

NIANNRUNUTHOUAR Jackson, 1956

IIWIKIHNINED (NM) 3
TUININK (NI) 11
wanan i (NS) 4
Jadnadumssenaas (limr) {4, 2)
FaEIUEFIaNY (NA) 20%
Judvzun a1 Cobot (MB) 70

VAT WIINAUY DY t . -U(0.6,0.7)
LLsaamwuﬁLm: Cobot

(t_((NR h)+NH+r))
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Abstract: Long waiting times are a major challenge in the outpatient departments of hospitals in
Thailand. This study examines the outpatient service process in a hospital that serves an average of
120 patients per day. Patients typically spend a substantial amount of time waiting rather than receiving
medical care, averaging approximately 1 hour and 49 minutes. Specifically, the average waiting time at
the medical history-taking station was 29.48 minutes, exceeding the standard of 20 minutes. Moreover,
patients waited an average of 35.54 minutes before physician consultation, which surpasses the
standard of 30 minutes. To address this issue, eight appointment scheduling scenarios were designed to
better distribute patient arrivals throughout the day. These scenarios were simulated using Arena
Simulation to evaluate their effectiveness. The results indicated that the scheduling model assigning
patient appointments every 30 minutes, with a higher concentration of appointments in the later hours,
was the most effective. This scenario reduced the total time in the system by 29.03%, decreased the
average waiting time at the medical history-taking station to 20.33 minutes (a 30.98% reduction), and
lowered the average waiting time before physician consultation to 33.45 minutes (a 25.90% reduction),
compared with the current process. These findings provide practical insights for improving outpatient

scheduling and reducing patient waiting times in hospital settings.

Keywords: Simulation; Outpatient Service Process; Reducing Waiting Time; Appointment System
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Abstract: Intense automotive vibrations, while common, can seriously compromise driver health. This
research utilizes machine learning (ML) to predict potential failures in car suspension systems, targeting
an enhancement in vehicle reliability and safety. While numerous studies have simulated suspension
faults, the increasing data complexity from uncertain parameters necessitates more efficient algorithms
for precise fault identification. This study, therefore, conducts a comparative analysis of several
supervised machine learning algorithms to determine the most accurate method for this predictive task.
The algorithms were evaluated using four distinct feature set preparations: original data, standard
deviation data, principal component analysis data, and a combined set of mean standard deviation and
principal component analysis. The findings reveal that the Artificial Neural Network (ANN) and Support
Vector Classifiers (SVC) algorithms yield the highest prediction accuracy. Notably, this peak accuracy
was achieved when utilizing the combined feature set (mean standard deviation and Principal
Component Analysis (PCA)). These results offer a valuable contribution toward designing more robust

car suspension systems and advancing future preventive maintenance strategies.

Keywords: Suspension Systems; Machine Learning Algorithm; Predictive Maintenance; Supervised

Learning Techniques
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1. Introduction
The impact of whole-body vehicle vibrations on
human health has been a subject of significant
investigation. Occupational health data, for example,
highlights accidents linked to driver fatigue following
prolonged vibration exposure [1]. This exposure is
associated with numerous health risks, including
chronic back pain, digestive disorders, and hearing
damage [2]. Consequently, research has focused
on vehicle suspension system enhancements, such
as active controls to optimize ride smoothness [3]
and studies on the vibration impacts of varying road
conditions [4]. To better address these challenges,
machine learning (ML) is increasingly being adopted
as a powerful tool for predicting and assessing
potentially harmful variations in suspension systems.
The predictive capabilites of ML have been
proven effective across diverse industries, such as
forecasting brake quality defects [5] and predicting
critical health outcomes in clinical settings [6, 7].
Within vehicle diagnostics, ML applications are
varied [8]. While some studies have focused on
fault detection wusing unsupervised clustering
methods [9-12], the use of supervised techniques is
particularly promising for fault prediction. These
algorithms ranging from simpler statistical models
like Naive Bayes (NB) to complex, non-linear

models like Artificial Neural Networks (ANN) and
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Support Vector Classifiers (SVC) are selected for
this study because they represent a broad and well-
established spectrum of supervised learning
approaches, allowing for a robust comparison of
their suitability for this specific diagnostic task.

Despite this growing body of research, a
significant research gap exists. There is a lack of
comprehensive, direct comparison studies that
evaluate a wide range of supervised ML algorithms
using the same standardized dataset for car
suspension fault prediction. Many existing studies
focus on only one or two algorithms, making it
difficult for engineers to determine which method is
truly optimal for this application.

Therefore, this study aims to fill this gap by
conducting a robust comparative analysis of eight
widely used supervised and unsupervised ML
techniques. The selected algorithms include one
unsupervised technique, K-Means (KM) Clustering,
K-Nearest
Neighbors (KNN), Support Vector Classifiers (SVC),
Logistic Regression (LR),
Analysis (LDA), Naive Bayes (NB), Artificial Neural

Network (ANN), and Decision Tree (DT). This

and seven supervised techniques:

Linear Discriminant

research systematically validates the accuracy of

these algorithms, employing careful parameter

tuning to prevent underfitting and overfitting [13, 14].
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This paper provides a detailed evaluation,
highlighting how specific preprocessing strategies,
combined with optimal algorithm tuning, contribute
to achieving the highest classification accuracy for

car suspension failures.

2. Materials and Methods
To accurately diagnose faults within the

automotive  suspension  system, this study

implements a dual-stage machine learning

approach. Initially, an unsupervised K-means
clustering technique is applied to discover inherent
grouping structures within the vibration data.
Subsequently, a comprehensive suite of seven
supervised learning algorithms specifically KNN,
SVC, LR, LDA, NB, ANN, and DT is utilized to
construct predictive models capable of classifying
the specific degree of suspension damage. The car
suspension vibration data is divided into two main
parts: the training dataset and the validation dataset.
The training dataset is used to calibrate the
algorithm's parameters, while the validation dataset
is used to evaluate the algorithm's performance [15].
The process began by assessing the unsupervised
learning method using K-means, which involves
determining the specified number of clusters and
to find

using the Calinski-Harabasz Criterion

the appropriate number of clusters. Once the exact

MseTIvmanalulaganavinssy (The Journal of Industrial Technology)
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number of clusters is determined, supervised

learning methods are used to predict car

suspension damage.

2.1 Datasets

The acceleration data obtained from the left front
wheel suspension is studied, and the car
parameters are referenced from [16]. The event
occurs at the 20-second mark, with the spring
coefficient reductions starting from 10% up to 100%
in 2% increments, at a sampling frequency of 100
Hz. At each increment of spring reduction, the
simulation generates 2000 data points,
corresponding to a duration of 20 seconds. The
fault scenario in the spring coefficient ranges from
60% to 100% reduction. The Data scenarios are
categorized into four levels: Good, Usual, Fail, and

Fail High, as shown in Table 1.

Table1 Data scenarios

Categories Spring Coefficient
Reduction (%)
Good 10% - <35%
Usual 45% - <65%
Fail 65% - 80%
Fail high
90%-100%
(Severe)
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2.2 Preparing for Datasets

Dataset preparation involved extracting raw

acceleration signals from the car suspension
damage simulation. This data capture encompassed
a full spectrum of vibration patterns, ranging from
normal operation to  severe irregularity.
Unsupervised machine learning was then applied to
this raw data to mathematically determine the
optimal number of damage clusters.

To ensure robust model evaluation, the collected
data was partitioned using an 80:20 ratio, allocating
the majority for model training and the remaining
20% for validation purposes. The training subset
served to calibrate the supervised algorithms,
whereas the validaton subset facilitated
performance assessment. Furthermore, to optimize
model hyperparameters and verify accuracy
stability, a 5-fold cross-validation strategy was
implemented. Statistical enhancement of the dataset
was achieved through two primary preprocessing
methods: Standard Deviation normalization and
Principal Component Analysis (PCA).

To rigorously test algorithmic performance under
different conditions, four distinct feature sets were
derived from the primary data: 1) The unprocessed
'Raw' signals; 2) Data standardized via Standard
Deviation; 3) A dimensionality-reduced set using
PCA and 4) A

Standard

(retaining 80% variance);

comprehensive set combining Mean,
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Scaler, and PCA. These variations were specifically
engineered to identify which preprocessing strategy

yields the highest diagnostic accuracy.

2.3 Tools

MATLAB was used for initial data preparation,

including standard deviation and PCA

transformation of the data. All unsupervised and
supervised executed

MATLAB Live Editor and MATLAB Classification

algorithms ~ were using

Learner [17], including generating all result graphs

3. Clustering Unsupervised ML

K-means clustering [18], [19] was selected to
partition the suspension vibration data into distinct
fault categories without requiring pre-labeled training
examples. The optimal number of clusters for this
specific dataset was identified as K=4, derived from
the Calinski-Harabasz Criterion analysis (Fig. 1)
[20]. To ensure robust grouping based on feature
similarity, the algorithm utilized the Squared
Euclidean distance metric. Configuration settings
included a single replicate run with a maximum of
100 iterations, ensuring convergence on the
complex vibration patterns. Each cluster represents
distinct patterns of acceleration measurements
associated with specific levels of suspension
damage. The algorithm discerns various types and
levels of damage, detailed in Table 2 and Fig. 2.
The data preprocessing involved mean, standard

deviation, and PCA techniques
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Fig. 1 optimal K=4 using the Calinski-Harabasz Criterion
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Fig. 2 Four clusters acceleration data using the K-Means Clustering

Table 2 shows 4 divisions of data data clusters

when examine the springs reduction grouping by K-

Means Clustering. It is consistent with the data

scenarios defined in the car suspension damage

simulation.
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Table 2 Spring reduction clusters acceleration data

using the K-Means Clustering

MseTIvmanalulaganavinssy (The Journal of Industrial Technology)
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Table 4 Types of the dataset

Types of the Dataset Detail Description

. Centroid points Raw Original data
c . £
g % i%i é ® Mean Stdv PCA St Standard deviation
» g O g
= (x10%)  (x10%)  (x107) PCA Principal Component

0% 411 265 1682 528 praes

40% Sooeme > M + St+ PCA Mean + Standard

deviation + PCA

43% -

294 362 1.677 -40.38
65%
4. Predicting using Supervised ML
68% -
80% 176 469 1.675 5.654 Parameters are employed to optimize the
(o]
vy algorithms prior to applying supervised machine
b -

Iy 1.7 566 1.er7 11.00 learning. Table 3 defines five distinct sets of
parameters for five different algorithms, aimed at
identifying optimal performance across four dataset

Table 3 Tuning parameters
types (Raw, Standard Deviation, PCA, and Mean +
Tuning Detail Standard  Deviaion + PCA). The best
Parameters Description hyperparameters were determined through various
Ne Number of neighbors parameter configurations to assess the suitability of
each dataset. Table 4 Show types of datasets.
B Box constraint level
Algorithmic tuning for the KNN, SVC, LR, and
K K I I .
ernel scale ANN models was executed based on the specific
N Number of layers configurations detailed in Table 3. Conversely, the
First Layer size LDA and NB classifiers were deployed using their
S Second Layer size standard default settings. Comprehensive training
Maximum Number and testing procedures were applied to all
Sp algorithms across the four prepared dataset

of splits

variants. The resulting performance metrics for each

model are presented in Table 5.
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Algorithm Types of the dataset  Tuning parameters Accuracy (%)
KNN Raw Ne=3 68.5
St Ne=11 54.8
PCA Ne=7 91.8
M+ St + PCA Ne=1 95.9
SVC Raw B=5 74.0
St B=1 50.7
PCA B=1 91.8
M+ St + PCA B=4 98.6
LR Raw K=4 53.1
St K=5 31.5
PCA K=1 31
M +St + PCA K=1 82.2
LDA Raw Default 94.5
St Default 425
PCA Default 80.6
M +S t+ PCA Default 83.8
NB Raw Default 78.1
St Default 56.2
PCA Default 86.3
M +St + PCA Default 93.2
ANN Raw N=2 90.4
F=10 S=10
St N =1 F=10 52.1
PCA N =2 F=10 S =10 94.5
M +St + PCA N=1 F=10 98.6
DT Raw Sp =100 95
St Sp =100 43.8
PCA Sp =100 87.7
M +St + PCA Sp =100 89.0
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The training and comparison of all machine
learning models were conducted using the
MATLAB Classification Learner App. For complex
models (KNN, SVC, ANN, and DT), the app's
automated hyperparameter tuning function was
utilized to find the optimal parameter values that
yielded the highest validation accuracy. For
simpler models (LR, LDA, and NB), the app's
default parameter settings were employed as
they generally do not require extensive tuning for
this application.

The test results proved that various algorithms
perform better when data is preprocessing, and
the parameters are tuned. The results showed
that KNN, SVC, LR, NB, and ANN achieved the
highest accuracy when using preprocessing with
Mean + Standard Deviation + PCA. However,
LDA and DT performed better with raw data and
slightly had lower accuracy when using
preprocessing with Mean + Standard Deviation +
PCA. In conclusion, Mean + Standard deviation +
PCA leads to optimal accuracy results.
Furthermore, fine-tuning parameters and scaling
data can enhance algorithmic precision.

The summary of the top three algorithms
achieving the highest accuracy, as presented in
Table 6, identifies the best-performing algorithms
in the following order: ANN, SVC, and KNN.

These algorithms achieve near-perfect accuracy,

MseTIvmanalulaganavinssy (The Journal of Industrial Technology)
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Table 6 The best algorithms

Type of the Algorithm %
datasets Accuracy
M+St+ PCA ANN 98.6
M+St+ PCA SvC 98.6
M+St+ PCA KNN 95.9

utilizing datasets that have been preprocessed
with Mean + Standard deviation + PCA to attain

optimal performance.

4. Discussion and Conclusion

Although  car vibrations are

typically
considered normal, it's crucial to monitor their
intensity because excessive vibrations can

negatively affect human health. Moreover,
unsupervised and supervised machine learning
algorithms are powerful techniques for clustering,
categorizing damage, and predicting uncertain
and complex vehicle damage data.

For example, a related study by Saleh and
Fleyeh (2022) [21] also utilized supervised
machine learning to predict the status of road
signs. Their study investigated the effects of
using principal component analysis and data
scaling on prediction accuracy. The authors of
that paper applied three algorithms: Random

Forest, Artificial Neural Network (ANN), and
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Support Vector Machines (SVM). In their findings,
Random Forest achieved the highest accuracy,

precision, recall, and F1 score, all at 98%.

In contrast, the findings from the present
study, which focused on

revealed that the ANN and SVC algorithms

car suspensions,
achieve the highest accuracy of 98.6% when
using the dataset of the combined mean standard

deviation and principal component analysis data.

This superior performance (from ANN and SVC)
can be attributed to the inherent ability of both
algorithms to manage the complex, non-linear
relationships present in the vehicle suspension

vibration data.

ANN (Artificial Neural Network): Is designed to
learn intricate patterns through its multi-layer

structure. This made it highly effective at
detecting the subtle, complex relationships within
the feature-engineered dataset (Mean + Stdv +

PCA) that other models missed.

SVC (Support Vector Classifiers): Excels in
high-dimensional spaces. By utilizing the "Kernel
Trick" (which the MATLAB app employs), SVC

can create a flexible, non-linear decision

boundary (hyperplane). This allowed it to

effectively separate the complex 'Fault' and 'Good'

classes, a task where simpler linear models failed.

Conversely, models like Logistic Regression (LR)

MseTIvmanalulaganavinssy (The Journal of Industrial Technology)
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and Linear Discriminant Analysis (LDA) performed
poorly because they are limited by their linear
assumptions, which were not suitable for the
complexity of this dataset. Similarly, Naive Bayes
(NB) was hindered by its 'naive' assumption that
all features are independent, which is not true for

highly correlated vibration sensor data.

This analysis underscores that for complex
fault prediction tasks involving vibration data, non-
linear models like ANN and SVC are the most

robust and appropriate choices.

4.1 Practical Implications

The high accuracy of ANN and SVC models
enables their use in an on-board diagnostic (OBD)
system. This system could process real-time
vibration data, alert the driver to potential faults, and
transform maintenance from reactive to predictive.

This directly enhances driver safety, reduces long-

term repair costs, and increases vehicle reliability.

4.2 Limitations and Future Work

The primary limitation is the use of simulation
data, which may not capture real-world complexities;
the study also focused only on spring faults. Future
work must validate these models using data from
real vehicles and expand the system to detect other
fault types (e.g., damper failure). Investigating deep
learning models (like CNNs or RNNs) could also

yield further improvements.
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