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Abstract

Continuous high-resolution data transmission in Internet of Things (loT)-based environmental
monitoring systems leads to significant communication overhead and energy consumption, particularly
in long-term outdoor deployments. This study aims to evaluate and compare energy-efficient data
transmission strategies for long-term outdoor IoT environmental monitoring systems under real-world
conditions. A system-level evaluation was conducted using a real-world environmental sensing platform
deployed in Chiang Rai, Thailand. The system, built on an ESP32 microcontroller with SHT20 and
PMS3003 sensors, collected temperature, humidity, and PM2.5 data at 30-second intervals from March
2024 to May 2025, resulting in 1,048,406 transmission events under the baseline configuration.
Two transmission reduction strategies were evaluated: fixed downsampling and adaptive sampling based
on signal variability. Performance was assessed using Data Reduction Ratio (DRR) and Event Preservation
Ratio (EPR), including both PM-only and multi-parameter event detection. The fixed downsampling
approach achieved the highest data reduction (90.00%) but preserved only 15.91% of multi-parameter
environmental events. In contrast, adaptive sampling reduced transmission by 78.89% while preserving
56.76% of combined environmental events. The results demonstrate that maximizing transmission
reduction alone is not suitable for dynamic environmental monitoring. Variability-aware adaptive
transmission provides a more balanced trade-off between energy efficiency and event preservation. This
study proposes a practical evaluation framework for designing energy-constrained loT monitoring

systems under real long-term outdoor conditions.

Keywords: Internet of Things, Adaptive Sampling, Data Reduction, PM2.5 Monitoring, Energy-Efficient

Transmission, Environmental Sensing, ESP32, Edge Computing
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Strategies for Energy-Efficient Long-Term Outdoor IoT Monitoring,” The Journal of Engineering and Industrial
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1. Introduction

In recent years Internet of Things (IoT)-
based environmental monitoring systems
have been widely deployed to continuously
observe temperature, humidity, and air
quality parameters over long periods of time.
High-resolution temporal sensing enables the
detection of rapid environmental changes
and abnormal events which is particularly
important in real-world deployments such as
air pollution monitoring and environmental
risk assessment. However continuous high-
frequency data transmission from resource-
constrained loT devices introduces significant
challenges in terms of energy consumption,
communication overhead, and
sustainability [1,2].

system

Several studies have identified data
transmission as one of the dominant
contributors to energy depletion in long-term
loT deployments, especially for field-
installed sensor nodes powered by batteries
or renewable energy sources [3]. Fixed-rate
sampling and continuous data uploading,
although simple to implement, often result
in unnecessary transmission of redundant or
low-information data thereby reducing network

lifetime and increasing operational costs [4].

To address these limitations existing
research has proposed various data reduction
strategies including adaptive sampling event-
based transmission, local aggregation, and
edge-level processing. Systematic reviews
have shown that data reduction techniques

can be broadly categorized into compression-

NsaFimnssukazmeluladgmamnsy wninerduniudus U1 4 atuil 3 wauanau - fquisu 2569
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based,

approaches each with distinct trade-offs

sampling-based, and event-driven
between energy efficiency and data fidelity
Among these approaches adaptive sampling
and event-based transmission have gained
increasing attention due to their ability to
dynamically adjust sensing and communication
behavior according to environmental dynamics
[5,6].

In parallel advances in edge computing
have further emphasized the importance of
system-level decision making at or near the
sensor nodes. By performing lightweight
processing and transmission control at the
edge, loT systems can significantly reduce
communication load while maintaining
acceptable monitoring performance [4,7 ].
Nevertheless, prior studies often focus on
algorithmic  design or simulation-based
evaluations with limited validation using
long-term  high-resolution environmental

datasets collected from real deployments.

Recent works on adaptive sampling for
environmental monitoring demonstrate promising
results in reducing data volume and energy
consumption [8,9]. However, the majority of
these studies are evaluated on short-term
datasets or controlled experimental settings.
As highlighted in multiple surveys there
remains a lack of comprehensive engineering
evaluations that quantify the trade-off
between data reduction and event
preservation when adaptive transmission
strategies are applied to real-world long-

duration environmental data Despite the

Jaratpong Tepmanee et al., Adaptive Transmission Strategies for Energy-Efficient Long-Term Outdoor

loT Monitoring
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extensive development of data reduction
and adaptive transmission techniques a clear
research problem remains. There is a lack of
evaluation that

systematic  engineering

quantifies  how  transmission  reduction
strategies affect both energy efficiency and
the preservation of critical environmental
events when applied to long-term high-

resolution real-world datasets.

Therefore, this study addresses an
important research gap by investigating
energy-efficient data transmission strategies
for loT-based

systems using long-term high-frequency field

environmental monitoring
data. Rather than proposing a new sensing
algorithm this work focuses on the engineering
evaluation of adaptive and event-aware
transmission strategies examining how data
reduction impacts system efficiency and the
ability to preserve meaningful environmental
events. The findings of this study aim to
provide practical design guidelines for
resource-constrained loT deployments operating

under real environmental conditions.

2. Literature Review

2.1 Data Transmission and Energy Constraints

in loT Systems

Energy consumption has long been
recognized as a critical constraint in loT-based
monitoring systems, particularly for long-term
field deployments where sensor nodes rely

on limited power sources such as batteries or

NsaFimnssukazmeluladgmamnsy wninerduniudus U1 4 atuil 3 wauanau - fquisu 2569
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energy harvesting devices. Several studies
have shown that wireless data transmission
dominates the overall energy budget of loT
nodes often exceeding the energy required for

sensing and local computation [1,3].

As a result, continuous high-frequency
data transmission significantly reduces system
lifetime and increases maintenance costs.
Traditional IoT deployments commonly adopt
fixed-rate  sampling and periodic data
uploading due to their simplicity. However
systematic reviews indicate that such
approaches lead to substantial redundancy in
transmitted data especially in environmental
monitoring scenarios where sensed variables
often exhibit slow temporal variations
interspersed with occasional abrupt changes
[1,2]. These findings highlight the necessity of
designing transmission strategies that are
adaptive to environmental dynamics rather

than relying on static configurations.

2.2. Data Reduction Techniques for loT-

Based Monitoring

To mitigate energy and communication
constraints a wide range of data reduction
techniques have been proposed in the literature.
According to comprehensive surveys, data
reduction methods for loT systems can be
broadly classified into compression-based,
sampling-based, and event-driven approaches
[1,2]. Compression techniques aim to reduce
payload size while sampling-based methods

reduce the number of transmitted data

Jaratpong Tepmanee et al., Adaptive Transmission Strategies for Energy-Efficient Long-Term Outdoor

loT Monitoring
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points. Event-driven approaches on the other
hand, selectively transmit data only when

predefined conditions or anomalies are detected.

Among these categories sampling-based
and event-driven techniques have been
identified as particularly suitable for resource-
constrained loT nodes as they avoid the
computational overhead associated with
complex compression algorithms [2]. Reviews
further suggest that these approaches are
more compatible with real-time monitoring
requirements and low-power communication

technologies such as LoRa and NB-IoT [3,10].

Recent studies have proposed predictive
and adaptive data reduction techniques to
minimize redundant transmissions in loT

systems [11].

2.3 Adaptive Sampling and Event-Based

Transmission

Adaptive sampling has emerged as an
effective strategy for balancing data fidelity
and energy efficiency in loT systems. Instead
of using a fixed sampling interval, adaptive
approaches dynamically adjust the sampling rate
based on signal characteristics, environmental
variability or energy availability [6,9]. Event-
based transmission extends this concept by
triggering data transmission only when
significant changes or predefined events occur
in the sensed data. A survey [5] categorizes
event detection mechanisms into threshold-
based, statistical, and lightweight machine
environmental

learning  approaches. For

NsaFimnssukazmeluladgmamnsy wninerduniudus U1 4 atuil 3 wauanau - fquisu 2569
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monitoring applications threshold-based and
statistical methods are often preferred due to
their simplicity, transparency, and low

computational  cost.  Empirical  studies
demonstrate that adaptive and event-driven
strategies can significantly reduce data
volume while preserving key features such as
peaks and abrupt transitions [6,8]. However
existing  works primarily evaluate these
techniques using short-term datasets or
controlled laboratory experiments. As noted
in multiple reviews there is limited evidence
demonstrating how adaptive sampling and
event-based transmission perform when applied
to long-term high-resolution environmental
data collected under real-world conditions
[1,5,6 1.

adaptive sensing frameworks to improve

Recent studies have proposed

energy efficiency in loT systems, particularly in

WSN-assisted environments [12].

2.4 Edge Computing and System-Level

Design Considerations

Recent advances in edge computing
have further reinforced the importance of
system-level design in loT deployments. By
enabling local data processing and decision-
making at or near the sensor nodes, edge
computing  architectures  can  reduce
communication latency and network traffic
while improving energy efficiency [4,7] .
Surveys in this area emphasize that intelligent
should be

considered an integral component of edge-

data transmission strategies

enabled loT systems. Nevertheless, much of

Jaratpong Tepmanee et al., Adaptive Transmission Strategies for Energy-Efficient Long-Term Outdoor
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the existing literature focuses on architectural
frameworks or algorithmic innovations with
limited emphasis on quantitative engineering
evaluation. In particular the interaction
between adaptive transmission strategies and
long-term data characteristics such as
seasonal variations and sensor noise remains
underexplored [2,4 ]. This gap is especially
relevant for environmental monitoring systems
where data patterns may vary significantly

over extended deployment periods.

Recent advancements in Edge-Al have
further enhanced the capability of IoT systems
by enabling intelligent decision-making at the
network edge, improving latency, energy
efficiency, and scalability. These approaches
integrate artificial intelligcence directly into
edge devices to reduce communication overhead

and improve real-time responsiveness [13].

A comparative analysis of existing
studies reveals several key differences in
methodological focus and evaluation scope.
Prior works on adaptive sampling and event-
based

algorithmic

transmission  primarily emphasize

design and simulation-based
validation, often using short-term or synthetic
datasets. While these approaches demonstrate
significant potential in reducing data volume
and energy consumption, they frequently lack
evaluation under long-term real-world environmental
conditions. In contrast some studies address
system-level implementation but do not
systematically quantify the trade-off between
and event

data reduction preservation.

Furthermore, limited attention has been given

NsaFimnssukazmeluladgmamnsy wninerduniudus U1 4 atuil 3 wauanau - fquisu 2569
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to multi-parameter environmental event analysis
in practical deployments. These limitations
highlisht the need for a comprehensive
engineering evaluation framework that integrates
long-term field data, transmission efficiency

and event preservation performance.

2.5 Research Gap and Motivation

Based on the reviewed literature, several
key gaps can be identified. First although
numerous data reduction and adaptive
transmission techniques have been proposed,
most studies lack validation using long-term
high-frequency environmental datasets obtained
from real deployments [1,6,8]. Second, prior
work often reports data reduction ratios or
energy  savings  without  systematically
evaluating the impact on event preservation
and monitoring effectiveness [5,9]. Finally,
there is a need for practical engineering
trade-offs

between data reduction, energy efficiency,

guidelines that quantify the

and information loss in real-world loT
monitoring systems [2,4]. Motivated by these
gaps this study focuses on the engineering
evaluation of energy-efficient data

transmission  strategies using  long-term
environmental monitoring data. By analyzing
adaptive and event-based transmission
schemes under realistic conditions the study
aims to provide insights that bridge the gap
between theoretical approaches and practical

loT system design.

Jaratpong Tepmanee et al., Adaptive Transmission Strategies for Energy-Efficient Long-Term Outdoor
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While prior studies have reported
transmission reduction benefits most evaluations
focus primarily on energy metrics without
quantifying event preservation performance.
Comparative trade-off analysis using long-
term real-world outdoor datasets remains
limited. Therefore, a structured quantitative
framework is required to systematically evaluate
both transmission efficiency and monitoring

reliability.

3. Research Objectives and Contributions

address the

limitations identified in existing literature

This  study aims to

regarding energy-efficient data transmission in
loT-based environmental monitoring systems.
While previous studies and surveys have
extensively  discussed data  reduction
techniques such as adaptive sampling and
event-based transmission most of them rely
on short-term experiments, simulations, or
controlled laboratory data. Consequently,
there is a lack of engineering-level evaluation
that demonstrates how these strategies
perform when applied to long-term high-
frequency environmental data collected from
real-world  deployments.  The  primary
objective of this research is therefore to
systematically evaluate energy-efficient data
transmission strategies using long-term field
data with a focus on system-level
performance rather than algorithmic novelty.
Specifically, this study seeks to analyze the
characteristics of high-resolution environmental
monitoring  data

including  temporal
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redundancy, variability, and event-like behaviors

that influence data transmission decisions.

Based on these characteristics adaptive

sampling and event-based transmission
strategies suitable for resource-constrained loT
sensor nodes are designed and implemented.
The performance of these strategies is evaluated
by comparing them with conventional fixed-
rate transmission in terms of data reduction
rate transmission frequency and estimated
addition, this

investigates the extent to which reduced data

energy savings. In study
transmission schemes are able to preserve
significant environmental events which is a
critical  requirement for maintaining the
effectiveness of environmental monitoring

systems.

The contributions of this study are
threefold. First, it provides an engineering
evaluation of energy-efficient data transmission
strategies using one-year high-frequency
environmental monitoring data obtained from
a real deployment thereby addressing a key
gap in prior research that predominantly
focuses on short-term or synthetic datasets.
Second the study presents a systematic
comparison of multiple transmission strategies
under a unified evaluation framework
enabling a clear analysis of trade-offs between
data reduction and information preservation.
Third the findings of this work offer practical
insichts and design guidelines for long-term
loT deployments operating under energy and
constraints

communication contributing

empirical evidence that bridges the gap
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between survey-based research and real-

world system design.
4.  Methodology

4.1 Dataset & System Description

The environmental monitoring dataset
used in this study was collected using an
outdoor 10T sensing system deployed in
Chiang Rai province, Thailand. The sensing
node was built on an ESP32 microcontroller
platform and equipped with an SHT20 sensor
for temperature and relative humidity
measurements, as well as a PMS3003 sensor
for PM2.5 concentration monitoring. The
system was designed for continuous outdoor
operation and data acquisition under real
environmental  conditions.  Environmental
data were collected at a fixed sampling
interval of 30 seconds from March 2024 to
May 2025, resulting in a long-term high-
resolution time-series dataset. All sensed data
were transmitted to a cloud-based database
using the ThingSpeak platform for storage and
further analysis. The data acquisition and
transmission architecture follow a typical loT-
based environmental monitoring workflow
and has been previously validated in a related
outdoor sensing application [14]. This dataset
provides a realistic foundation for evaluating
energy-efficient data transmission strategies,
as it exhibits natural environmental variability
noise characteristics associated with low-cost

sensors and long-term temporal patterns
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relevant to adaptive sampling and event-

based transmission.

4.2 System Overview

SENSORS

-PM2.5
- Temperature
- Humidity

ESP32 MCU

SERVER

- Database

- Data Sampling
- Wi-Fi Module

Figure 1. Block diagram of the proposed loT-

based environmental monitoring system.

The Figure 1 shows the overall architecture
of the loT-based environmental monitoring
system used in this study. The system consists
of three main components: environmental
sensors an ESP32-based microcontroller unit
(MCU) and a cloud-based server. The sensing
unit includes sensors for PM2.5 concentration
temperature and relative humidity which
continuously measure outdoor environmental
conditions. The ESP32 MCU is responsible for
data sampling preliminary processing and
wireless data transmission using an integrated
Wi-Fi module. All sensed data are transmitted
to a remote server where they are stored in a
cloud database for long-term logging and

offline analysis.

This system architecture represents a
typical loT-based environmental monitoring
baseline

workflow and serves as the

configuration for evaluating energy-efficient
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data transmission strategies. In the conventional
operation mode sensor data are sampled and
transmitted at a fixed interval of 30 seconds.
In this study the same system architecture is
maintained while different data transmission
strategies are evaluated at the MCU level to
reduce transmission frequency without modifying

sensor hardware or cloud infrastructure.

The architecture shown in Figure 1 provides
a practical foundation for investigating system-
level energy efficiency in long-term IoT
Rather  than

additional hardware or complex processing

deployments. introducing
modules this study focuses on modifying the
data sampling and
implemented on the ESP32 MCU. By adjusting

when and how sensor data are transmitted to

transmission  logic

the server the impact of data reduction

strategies on transmission load energy
consumption and event preservation can be

realistic

under

systematically evaluated

operating conditions.

Figure 2. Actual device used for environment

data acquisition.
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Figure 2. Photograph of the actual data
acquisition device installed in the field. The
enclosure is made of a plastic box designed
for outdoor deployment. A small protective
hood is installed to shield the PMS3003
particulate matter sensor from direct rain and
sunlight while allowing proper air intake. The
SHT20 temperature and humidity sensor is
mounted below the enclosure to enable

accurate ambient environmental measurements.

43  System Operation and Baseline Configuration

Under normal operation the environmental
sensing system shown in Figure 1 collects
temperature, humidity and PM2.5 data at a
fixed interval of 30 seconds. Each sampled
data point is immediately transmitted to the
cloud database via Wi-Fi using the ESP3 2
module. This fixed-rate transmission strategy
serves as the baseline configuration in this
study. Let N baseline denote the total
number of transmitted samples under fixed
30-second [14] sampling over the entire
monitoring period. Since data are transmitted
at every sampling instant, the number of
transmissions is equal to the number of

samples collected.

This configuration represents the maximum
transmission load and is used as the reference
case for evaluating data reduction and energy-
saving performance. Energy consumption
associated with data transmission is assumed
to be proportional to the number of transmission
Therefore,

events. reducing transmission
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frequency directly contributes to energy
savings, as suggested in prior studies on

energy-aware loT communication [3,9].

4.4 Transmission Strategies and Evaluation

Metrics

To evaluate the effectiveness of energy-
efficient data transmission in the proposed
loT-based environmental monitoring system
several transmission strategies are implemented
and compared against the baseline fixed-rate
transmission described in the previous section.
The objective is to quantify the trade-offs
between transmission reduction, energy savings,
and preservation of significant environmental

events.

Transmission Strategies In the baseline
configuration environmental data are sampled
and transmitted every 30 seconds without any
filtering or adaptation. Let N baseline denote
the total number of transmitted samples over
the entire monitoring period. Since every
sampled data point is transmitted the number
of transmission events is equal to the number
of collected samples. This configuration
represents the maximum transmission load
and serves as the reference case for

performance comparison.

Fixed-Interval Downsampling, the first
reduction strategy is fixed-interval downsampling
where data are sampled at 30-second
intervals but transmitted only every k —th
sample. For example, when k = 10 one data

point is transmitted every 5 minutes.
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Nbaseline
k

Nreduced = (1)

This approach provides a simple mechanism
for reducing transmission frequency without

requiring signal analysis.

Adaptive Sampling Strategy In the

adaptive sampling strategy transmission
frequency is dynamically adjusted based on
environmental variability. The change in

PM2.5 concentration is calculated.
APM(t) = PM(¢t) — PM(t — At) ()
APMy > 0 (3)

the current data point is transmitted
immediately otherwise transmission is deferred
or aggregated. The threshold parameter 0
controls system sensitivity. Lower values
increase event responsiveness but reduce

data reduction efficiency.

Event-Based Transmission In the event-
based strategy transmission occurs only when
predefined environmental conditions are
satisfied. PM2.5 event.

PM(y — PMwindow > a  (4)

PMwindow represents the moving
average over a predefined window. A multi-

parameter event condition can also be defined.
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E(t) = {1, if PM T ANTempTA RH |

0, otherwise (5)

Transmission occurs only when E) = 1
This strategy aims to preserve significant
environmental fluctuations while minimizing

redundant transmissions during stable periods.

PM2.5 concentration is selected as the
primary triggering parameter for adaptive
transmission due to its higher short-term
variability compared to temperature and
relative humidity in outdoor environments.
Several studies have reported that air pollution
parameters exhibit abrupt fluctuations and
dynamic behavior making them suitable for
event-driven monitoring strategies [5,6,15,16].
In contrast meteorological variables such as
temperature and humidity typically show
smoother temporal variations over short
intervals. Therefore, using PM2.5 as the main
adaptive trigger allows the system to respond
to significant environmental changes while

minimizing unnecessary transmissions.

Evaluation Metrics To quantify system
performance three key evaluation metrics are
defined.

Data Reduction Ratio (DRR) The Data
Reduction Ratio measures the percentage of
transmission reduction relative to the baseline

configuration.

Multi-Parameter  Adaptive  Sampling
Formulation To extend the adaptive transmission

mechanism beyond single-parameter triggering
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a multi-parameter variability model is formulated.

The normalized variability index.

APM(t) ATemp(t)
+ w,
aPM aTemp

=W

AHum(t)
aHum

+W3 (6)

The weighting coefficients satisfy.

W1+W2+W3:1 (7)

aPM, aTemp,and aHum are normalization
factors used to scale the relative influence of
each parameter. The adaptive sampling

interval is then,

T max —Tmin
1+yV(t)

Ts = T min+ (8)

DDR:]__N”L"M (9)

Nbaseline

Where N transmitted is the number of
transmissions under a given strategy. higher

DRR indicates greater transmission reduction.

Event Preservation Ratio (EPR) To ensure
that significant environmental events are not
lost due to transmission reduction the Event

Preservation Ratio is defined.

EPR = Nreduce event (10)

Nbaseline event
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Nbaseline event = number of detected

events using full 30-second data.

Nreduce event = number of detected

events under reduced transmission.

An EPR close to 1 indicates that the
transmission strategy successfully preserves

important environmental events.

The parameters used in the adaptive
sampling and event detection mechanisms
were selected based on empirical analysis of
the dataset and practical considerations for
real-world deployment. The PM2.5 change
threshold APM was determined by analyzing
short-term variability patterns to ensure
sensitivity to significant fluctuations while

avoiding excessive triggering due to noise.

For event detection the threshold
parameter (Q) and moving average window
were chosen to balance responsiveness and
stability ensuring that only meaningful
environmental changes are captured. The
weighting coefficients (w1, w2, w3) in the
multi-parameter model were assigned to
prioritize PM2.5 due to its higher variability
compared to temperature and humidity, as
observed in the dataset. The adaptive
sampling parameters, including minimum and
maximum sampling intervals (Tmin, Tmax)
and the scaling factor (Y) were configured to
maintain a balance between transmission
reduction and responsiveness to dynamic
environmental conditions. These values were

selected through iterative testing to achieve
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stable performance across the full-year

dataset.

All algorithms were implemented at the
(ESP32)  level,

transmission decisions were made in real time

microcontroller where
based on incoming sensor data without
requiring additional hardware or cloud-side

processing.

4.5 Energy Saving Estimation

Since wireless transmission is a dominant
energy-consuming operation in loT nodes
[3,9,16] energy consumption is assumed to be
proportional to the number of transmission
events. The relative energy saving is therefore

estimated.

reduce
Ntx

Energysaving =1- W (11)

Where Ng, represents the number of
transmission events. Under this assumption
energy saving is directly equivalent to

transmission reduction.

4.6 Experimental Design

The evaluation is conducted using the
complete dataset collected between March
2024 and May 2025. The baseline transmission
count is first determined under the 30-second
sampling configuration to establish a reference

scenario. Subsequently each transmission
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strategy is simulated offline within a numerical
computing environment by applying the
corresponding decision rules to the original
dataset. For each strategy, key performance
metrics are calculated including the total
number of transmissions, Data Reduction
Ratio (DRR), Event Preservation Ratio (EPR),
and estimated energy savings. A comparative
analysis is then carried out to identify the
optimal trade-off between energy efficiency
and the preservation of significant environmental

events.

The fixed downsampling interval (every
5 minutes) was selected to represent a commonly
used periodic transmission configuration in
practical loT deployments and to demonstrate
the upper bound of transmission reduction
performance. While this configuration results
in a higher reduction rate compared to the
adaptive sampling method, the objective of
this study is not to match reduction levels but
to evaluate the trade-off between transmission
efficiency and event preservation. Therefore,
comparing a high-reduction baseline with an
adaptive strategy provides a clearer insight
into the limitations of uniform downsampling

and the advantages of variability-aware transmission.
5. Results and Discussion

5.1 Baseline Transmission Characteristics

Under the

environmental data were sampled and

baseline  configuration,

transmitted every 30 seconds throughout the
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monitoring period from March 2024 to May
2025. This resulted in a total of 1,048,406
transmission events, representing the maximum
communication load of the deployed loT

system.

Figure 3 show the baseline PM2.5 time-
series over the entire monitoring period. The
data exhibit significant temporal variability
including multiple high-concentration spikes
and seasonal patterns. In particular extreme
PM2.5 peaks exceeding several thousand
micrograms per cubic meter were observed
during specific periods, indicating abrupt

environmental fluctuations.

The statistical characteristics of the
monitored parameters are summarized in
Table 1. Among the variables PM2.5 demonstrates
substantially  higher  variability — standard
deviation = 478.94 pg/m3 compared to
temperature (6.47 °C) and relative humidity
(22.55%). This confirms that PM2.5 exhibits
stronger short-term dynamics and greater
amplitude variations relative to the other

environmental parameters.

The high frequency of transmission in
the baseline configuration combined with the
dynamic behavior of PM2.5 highlights the
communication intensity associated with

continuous  high-resolution  environmental
monitoring. Previous studies have reported
that wireless transmission is a dominant
contributor to energy consumption in loT

sensor nodes [3,9,16].
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Therefore, reducing transmission frequency

without compromising critical environmental

PM2.5 Time Series
T
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information becomes essential for improving

long-term system sustainability.

7000 T T

6000 [—

5000 —

)

«_ 4000 —

PM2.5 (pg/m

8
8
T

2000 -

1000 —

0 L : o
Jan 2024 Apr 2024 Jul 2024

Baseline
Downsample
Adaptive

1
Oct 2024 Jan 2025 Apr 2025 Jul 2025

Figure 3. Full-Year PM2.5 Time Series.

Table 1: Statistical Characteristics.

Parameter Mean Std Dev
PM2.5 165 478.94
Temperature 27 6.47
Humidity 72 22.55

5.2 Data Reduction Performance

The effectiveness of the proposed

transmission  reduction  strategies = was

evaluated by comparing the total number of
transmission events relative to the baseline
configuration. As described in Section 4.1, the
generated 1,048,406

baseline  system

transmission events during the monitoring

period.

Table 2: Statistical Characteristics.

Parameter Baseline Down Adaptive
sampling
Total 1,048,406 104,841 221,256
Transmissions
Data 0 90.00 78.89
Reduction (%)

Table 2 summarizes the transmission
statistics under each strategy. The fixed
downsampling approach which transmits data

every 5 minutes, reduced the total number of
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transmission events by 90.00% resulting in a
substantial decrease in communication load.
In contrast, the adaptive sampling strategy
achieved a Data Reduction Ratio (DRR) of
78.89% representing a significant reduction
while  still

dynamic environmental changes.

allowing transmission  during

Figure 4. Data Reduction Ratio (DRR)

comparison between fixed downsampling

and adaptive transmission strategies.

Figure 4 further show the DRR comparison
between the two strategies. While periodic
downsampling achieves the highest reduction
rate adaptive sampling maintains a lower but

still substantial transmission reduction.

The observed reduction levels are
consistent with previous studies that report
significant energy savings when transmission

frequency is reduced in loT systems [9,16].

Since wireless transmission is widely
recognized as one of the dominant contributors

to energy consumption in sensor nodes,
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reducing transmission events directly translates

to improved energy efficiency.

However, data reduction alone does not
guarantee monitoring effectiveness. Therefore,
event preservation performance must also be
analyzed, which is discussed in the following

section.

53 PM-Only Event Preservation Performance

While transmission reduction improves
energy efficiency it may degrade the system’s
ability to detect significant environmental
events. To evaluate this effect event
preservation performance was assessed based
on PM2.5 deviations from a moving average
threshold The Event Preservation Ratio (EPR)
was computed by comparing the number of
detected events under each transmission

strategy relative to the baseline configuration.

The results indicate a substantial

difference between the two reduction
strategies. Fixed downsampling achieved a
PM-EPR of only 12.74% meaning that nearly
87% of PM-related events detected in the
baseline data were not preserved in the
reduced dataset. This result demonstrates
that periodic reduction severely compromises

the detection of short-term pollution spikes.

In contrast, the adaptive transmission
strategy achieved a PM-EPR of 49 .65 %
preserving nearly half of the baseline-
detected events while still achieving a 78.89%

reduction in transmission frequency.
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Figure 5 show the comparison of PM-
EPR values between the two strategies. The
significant improvement observed in adaptive
sampling confirms that variability-based triggering
mechanisms are more effective in maintaining
environmental signal dynamics compared to

uniform interval reduction.

PM-Only EPR

Figure 5. PM-only Event Preservation Ratio
(EPR) comparison between transmission

strategies.

These findings are consistent with previous
studies that emphasize the importance of
event-aware transmission mechanisms in loT-
based monitoring systems [6,9,16]. In
particular, adaptive approaches that respond
to signal variability are better suited for
dynamic environmental conditions where

abrupt fluctuations carry meaningful information.

5.4 Multi-Parameter Event Preservation

Performance

To further evaluate system robustness
under more complex environmental dynamics,
a combined event detection mechanism

incorporating PM2.5, temperature, and relative
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humidity was implemented. Unlike the PM-
only evaluation in Section 5.3 this approach
environmental

considers  multi-parameter

fluctuations through a weighted index,
allowing a more comprehensive representation

of environmental anomalies.

The combined event preservation results
reveal a clear distinction between the two
transmission strategies. Fixed downsampling
achieved a Combined-EPR of only 15.91%
indicating  that ~ most  multi-parameter
environmental events were not preserved
under periodic reduction. In contrast, the
adaptive sampling strategy achieved a
Combined-EPR of 56.76% preserving more
than half of the baseline-detected multi-
reducing

parameter events while still

transmission frequency by nearly 79%.

Figure 6 presents the comparison of
Combined-EPR

improvement

values. The substantial

observed under adaptive
transmission suggests that variability-aware
triggering mechanisms are more suitable for
complex environmental monitoring scenarios
where multiple parameters jointly contribute
to event formation. The results further
confirm that aggressive periodic reduction
strategies may oversimplify environmental
dynamics, leading to significant loss of
contextual information. Adaptive strategies by
responding to dynamic changes, provide a
more balanced compromise between energy

efficiency and environmental awareness.
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‘Combined Event Dstoction (PM+TompeRH)

Figure 6. Multi-parameter PM, Temperature,
Humidity Event Preservation Ratio

comparison.

Table 3: Performance comparison of transmission

strategies.
Strategy DRR PM-EPR Combine
(%) (%) d-EPR (%)
Downsampling | 90.00 12.74 1591
Adaptive 78.89 49.65 56.76

Table 3 summarizes the overall performance
of the evaluated transmission strategies.
Although fixed downsampling achieves the
highest transmission reduction its event
preservation capability is significantly limited.
In contrast adaptive transmission provides a
more balanced performance across all

evaluation metrics.

5.5 Trade-Off Analysis

While Sections 5.2-5.4 independently
evaluate transmission reduction and event

preservation performance, practical loT

system design requires balancing both
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objectives simultaneously. Therefore, a trade-
off analysis was conducted by jointly
considering Data Reduction Ratio (DRR) and
Combined Event Preservation Ratio Combined-

EPR.

.............

Figure 7. Trade-off analysis between data

reduction.

Figure 7 show the relationship between
transmission reduction and multi-parameter
event preservation for the evaluated strategies.
The fixed downsampling approach achieved
the highest transmission reduction (90.00%)
but preserved only 15.91% of combined
environmental events. This indicates that
aggressive periodic  reduction  significantly
compromises monitoring effectiveness. In
contrast the adaptive sampling strategy
achieved a slightly lower transmission
reduction (78.89%) but preserved 56.76% of
combined events. Although adaptive transmission
does not maximize data reduction it provides
a substantially better balance between
communication efficiency and environmental

awareness.
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From a system-level perspective, the results
demonstrate that maximizing transmission
reduction alone is not an optimal design
objective for dynamic environmental monitoring
applications. Instead, transmission strategies
should consider signal variability and event
significance to maintain monitoring reliability

while improving energy efficiency.

These findings align with prior studies
emphasizing the importance of adaptive and
event-aware communication mechanisms in
loT-based monitoring systems [1,5,9,16]. The
proposed evaluation framework demonstrates
that adaptive transmission strategies offer a
practical compromise for long-term outdoor
loT deployments operating under communication

and energy constraints.

The goal of this study is not to maximize
reduction performance but to provide a
structured evaluation framework for balancing
communication efficiency and monitoring

reliability in real-world loT deployments.

To further support the robustness of the
results, the large sample size (over one million
data points) provides strong = statistical
reliability in the observed performance trends.
Although formal significance testing was not
the primary focus of this study the consistent
differences  observed = between  fixed
downsampling and adaptive transmission
across multiple evaluation metrics (DRR and EPR)

indicate a clear and stable performance gap.

Future work may incorporate formal

statistical hypothesis testing and confidence
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interval analysis to further quantify the

uncertainty and significance of these results.

6. Conclusion

This study investigated energy-efficient
data transmission strategies for long-term loT-
based environmental monitoring using real
Chiang Rai,
Thailand. A baseline configuration with 30-

outdoor data collected in
second transmission intervals resulted in
1,048,406 transmission events over the
monitoring period highlighting the communication

intensity of high-resolution sensing systems.

The novelty of this study lies in the use
of a real-world long-term dataset, the
development of a clearly defined system-
level evaluation methodology, and the
application of quantitative performance
metrics to systematically assess the trade-off
between event

energy efficiency and

preservation.

Fixed downsampling achieved the highest
data reduction (90.00%), but significantly
degraded event preservation performance,
preserving only 1591% of multi-parameter
environmental events. In contrast, the adaptive
sampling strategy achieved a balanced
performance, reducing transmission by 78.89%
56.76%  of

environmental events.

while  preserving combined

The results demonstrate that maximizing
transmission reduction alone is not an optimal
strategy for dynamic environmental monitoring.

Instead, adaptive transmission mechanisms
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that respond to signal variability provide a
more effective trade-off between energy

efficiency and environmental awareness.

Despite the promising results, several
practical limitations should be considered.
The use of low-cost sensors such as SHT20
and PMS3003 may introduce measurement
uncertainties over long-term deployment,
including sensor drift and sensitivity to
environmental factors such as temperature
fluctuations, humidity, and particulate accumulation.
Additionally, the ESP32-based system, while
cost-effective and widely adopted, may be
affected by extreme outdoor conditions such
as high temperature, humidity, and power
instability which could impact long-term
system reliability. In terms of scalability the
proposed transmission strategies are designed
to operate at the sensor node level and can
be extended to large-scale loT deployments
with multiple distributed nodes. However,
network-level factors such as bandwidth
limitations,  synchronization, and cloud
infrastructure  performance may influence
system behavior in large deployments. From
a deployment perspective, the proposed
approach is particularly suitable for long-term
outdoor environmental monitoring scenarios
where energy constraints and communication
efficiency are critical. Nevertheless, different
application contexts may require parameter
tuning and  adaptation to  specific
environmental dynamics. Future work will
focus on incorporating more robust statistical

validation, adaptive parameter optimization,
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and integration with edge-based intelligent
decision mechanisms to enhance system

scalability and long-term reliability.

The proposed evaluation framework
offers practical insights for designing energy-
constrained loT monitoring systems operating
under real outdoor conditions. Future work
may explore sensitivity analysis of adaptive
thresholds and integration with real-time
edge-based decision mechanisms to further

enhance system performance.

7.  Acknowledgments

Al-assisted tools were used for language
editing purposes only. The authors retain full
responsibility for all technical content and

conclusions.

8. References

[11 A A. Sadri, A. M. Rahmani, M.
Saberikamarposhti, and M.
Hosseinzadeh, “Data reduction in fog
computing and Internet of Things: A
systematic literature survey,” Internet
of Things, vol. 20, Art. no. 100629, Nov.
2022. doi: 10.1016/}.i0t.2022.100629.

[2] L. PioliJr,, C. F. Dorneles, D. D. J. de
Macedo, and M. A. R. Dantas, “An
overview of data reduction solutions at
the edge of loT systems: A systematic
mapping of the literature,” Computing,
vol. 104, no. 8, pp. 1867-1889, Mar.
2022. doi: 10.1007/s00607-022-01073-6.

Jaratpong Tepmanee et al., Adaptive Transmission Strategies for Energy-Efficient Long-Term Outdoor

loT Monitoring



O

d Joumnal of Engineering

and Industrial Technology

*

UNAUIIY (Research Article)

(3]

R. Ratasuk, N. Mangalvedhe, Y. Zhang,
M. Robert, and J.-P. Koskinen,
“Overview of narrowband loT in LTE
Rel-13,” in Proc. 2016 IEEE Conf. on
Standards for Communications and
Networking (CSCN), 2016, doi:
10.1109/CSCN.2016.7785170.

P. Bellavista, J. Berrocal, A. Corradi, S. K.
Das, L. Foschini, and A. Zanni, “A
survey on fog computing for the
Internet of Things,” Pervasive and
Mobile Computing, vol. 52, pp. 71-99,
Jan. 2019, doi:
10.1016/j.pmcj.2018.12.007.

M. Kumar, P. K. Singh, M. K. Maurya,
and A. Shivhare, “A survey on event
detection approaches for sensor-based
loT,” Internet of Things, vol. 22, Art. no.
100720, Jul. 2023. doi:
10.1016/j.i0t.2023.100720.

H. Zhang, J. Na, and B. Zhang,
“Autonomous Internet of Things (loT)

data reduction based on adaptive

threshold,” Sensors, vol. 23, no. 23, Art.

no. 9427, Nov. 2023, doi:
10.3390/523239427.

W. Shi, J. Cao, Q. Zhang, Y. Li, and L.
Xu, “Edge computing: Vision and
challenges,” IEEE Internet of Things
Journal, vol. 3, no. 5, pp. 637-646, Oct.
2016, doi: 10.1109/JI0T.2016.2579198.

C. Rodriguez-Pabon, G. Riva, C. Zerbini,
J. Ruiz-Rosero, G. Ramirez-Gonzalez,

and J. C. Corrales, “An adaptive

[10]

NsaFimnssukazmeluladgmamnsy wninerduniudus U1 4 atuil 3 wauanau - fquisu 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 3 May — June 2026

sampling period approach for
management of loT energy
consumption: Case study approach,”
Sensors, vol. 22, no. 4, Art. no. 1472,
2022, doi: 10.3390/522041472.

R. M. Willett, A. M. Martin, and R. D.
Nowak, “Adaptive sampling for wireless
sensor networks,” in Proc. IEEE Int.
Symp. on Information Theory (ISIT),
Chicaso, IL, USA, Jun.—Jul. 2004, doi:
10.1109/1SIT.2004.1365555.

A. Augustin, J. Yi, T. Clausen, and W. M.
Townsley, “A study of LoRa: Long
range & low power networks for the
Internet of Things,” Sensors, vol. 16,
no. 9, Art. no. 1466, 2016, doi:
10.3390/516091466.

D. Krekovi¢, M. Kugek, I. Podnar Zarko,
and D. Le-Phuoc, “Edge-Based
Predictive Data Reduction for Smart
Agriculture: A Lightweight Approach to
Efficient loT Communication,” in Proc.
2025 IEEE Annual Congress on Artificial
Intelligence of Things (AloT), Osaka,
Japan, Dec. 2025, doi:
10.1109/Al0T66900.2025.00062.

R. Bensaid, A. Ben Mnaouer, and H.
Boujemaa, “Energy Efficient Adaptive
Sensing Framework for WSN-Assisted
loT Applications,” IEEE Access, 2024,
doi: 10.1109/ACCESS.2024.3423706.

R. K. Baliyar Singh, J. K. Dash, and K. H.
K. Reddy, “The role of Edge-Al in edge

enabled IoT systems: A comprehensive

Jaratpong Tepmanee et al., Adaptive Transmission Strategies for Energy-Efficient Long-Term Outdoor

loT Monitoring

20



. &

d'EIT NIenTIenssukazmalulaganaIvnssy unningtdenwaus U9 4 aldun 3 wounie - Tguieu 2569
sl Tecoioty Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 3 May — June 2026

UNAUIIY (Research Article)

performance analysis,” Peer-to-Peer
Networking and Applications, vol. 19,
no. 1, 2026, doi: 10.1007/s12083-025-
02182-7.

[14] J. Tepmanee et al., “Automatic fire
detection and positioning system for
outdoor lac cultivation,” in Proc. 2024
8th Int. Conf. on Information
Technology (InCIT), 2024, doi:
10.1109/InCIT63192.2024.10810640.

[15] G. Anastasi, M. Conti, M. Di Francesco,
and A. Passarella, “Energy conservation
in wireless sensor networks: A survey,”
Ad Hoc Networks, vol. 7, no. 3, pp.
537-568, May 2009, doi:
10.1016/j.adhoc.2008.06.003.

[16] P. Lou, L. Shi, X. Zhang, Z. Xiao, and J.
Yan, “A data-driven adaptive sampling
method based on edge computing,”
Sensors, vol. 20, no. 8, Art. no. 2174,
2020, doi: 10.3390/520082174.

Jaratpong Tepmanee et al., Adaptive Transmission Strategies for Energy-Efficient Long-Term Outdoor
loT Monitoring
21



. &

d'Err NIenTIenssukazmalulaganaIvnssy unningtdenwaus U9 4 aldun 3 wounie - Tguieu 2569
sl Tecoioty Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 3 May — June 2026

UnA1u338 (Research Article)
@ P2 o ] o v ¥
fﬂii)@ﬂLLUULLag‘WﬁJuqLﬂiaﬁﬂquqLLUUﬂlmﬂa‘lﬂ{]ﬂﬂ'\ﬁuﬂaqLLUU 4 1197
Aanay a3sel’*, qnade ymes' wag Anfiey wuissain’

LA TIAINTIUATING AMYIANTIUAERS INedeLTeasny
2 @ 3IYINTIANITYNAINNTTY ANLIAINTIUAENT INLNFeLTIT1Y

*uUssauauunAuiuati: siipong.tr2l@gmail.com Tnséwnyi: 063-7942288
(GuunAa: 29 SWIAL 2568; WAluunANL: 27 Ju1Al 2569; MBUSUUNAINL:LT WEey 2569)

UnAnga

AT g Uszasifiosenuuy Wann uasssiuaussousesesiuuuunalndnsdundiuuy 4 um
iloantlyvinsviauaauLTILLAEFYUNTHEATEUNYASNITEYDY MlTessznoufeduvanie yads
frda Wrtindwuunaln 4 V15 (Four-Bar Linkage) uasanzwa3ad1n nan1svadeunisvieuluniaaui
TnouusfusanBesempnzosadniivhauiuaiil 40, 45, 50 uaz 55 03w nudifiu 50 sen Waussausiiian
Tneflnnanuiananlunisindigaiissiesay 8 anudnlunisiindnade 3 - 5 wufiluns uazduaudy
n&iade 3.86 Fusions indesdimuannsolumsvhaudeiud 0.25 dedalug uazdussansamnisinny
Yovar 92 luduanudumaATygeansnuin edesduluuiidununisaine 5,000 v annsaUsevdn
Fununiswanle 700 vmsisls Weifisufunisldussnuay wasdgadunuegi 1.76 15del dauansliifiudii
wdosuniifautuiinnumnzandwmsumslfousidudondeduasnuanssusegos

ATEIAY: LSO 4 UAY NAlN 4 UNT ANTIIUENNTYINNIU ANUANAINIATYANERS

NSEBIUNANY: AN P30, STy YA war kAL LUYIUsEEY, "NNT0BNKULLATTAILLATEIMIUILUY
TdnalnUnedunduuy 4 ue,” 1sa193manssuuasnaluladanamnssy un1Ive1aenwaug, U 4, adui 3, mil
22-35, 2569.




. &

d'Err NIenTIenssukazmalulaganaIvnssy unningtdenwaus U9 4 aldun 3 wounie - Tguieu 2569
sl Tecoioty Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 3 May — June 2026

UNAINIE (Research Article)
Design and Development of a 4 Row Mechanical Rice Transplanter
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Abstract

This research aims to design, develop, and evaluate the performance of a 4-row mechanical rice
transplanter to address labor shortages and reduce production costs for small farmers. The primary
components include a power transmission system a four-bar linkage planting mechanism and a seedling
supporting hook. Field performance was tested by varying the inclination angles of the seedling hook at
40, 45, 50 and 55 degrees. The results indicated that the 50-degree angle achieved the optimum
performance with a minimum missing hill rate of 8%. The average planting depth ranged from 3 to 5
cm with an average of 3.86 seedlings per hill. The machine demonstrated a field capacity of 0.25 rai/hr
and a field efficiency of 92%. Economic analysis showed that the prototype cost 5,000 THB to construct
and reduced production costs by 700 THB per rai compared to manual transplanting, the break-even
point at 1.76 rai per year. This mechanical rice transplanter proves to be a cost effective and viable

solution for small rice farming.

Keywords: Rice Transplanter, Four-Bar Linkage, Field Performance, Economic Analysis
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Abstract

This research aimed to develop a bio-based material from sedge waste generated during the
traditional mat-weaving process in Chanthaburi Province, Thailand, to create environmentally friendly
packaging prototypes under the concept of a circular economy. The study integrated material science
and eco-design approaches in both material formulation and product design. The sedge waste was
ground and blended with cassava starch, starchy water, vegetable oil, and beeswax to enhance tensile
strength, flexibility, and water resistance. The mixture was molded into bioplastic sheets and dried using
solar energy. The mechanical tests showed an average tensile strength of 3.2 MPa, 85% recovery after
bending, and over 80% biodegradation within eight months. In the design stage, the developed material
was applied to create eco-friendly packaging prototypes such as souvenir boxes and display trays,
emphasizing sustainable aesthetics and green communication. The evaluation using Quality Function
Deployment (QFD) indicated high satisfaction in terms of safety, natural appearance, and environmental
friendliness. The study demonstrates the integration of scientific experimentation and creative design to
transform local waste into sustainable bio-materials, supporting community-based production and

promoting circular economy development.

Keywords: Sedge Mat, Packaging Design, Waste Material Processing, Eco-Friendly, Packaging, Circular Economy
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Abstract

The objective of this research was to investigate the influence of porous media on the thermal
efficiency of solar collectors using porous duct absorbers. The experiments were conducted under two
configurations: 1) a flat-plate solar collector and 2) a collector equipped with porous duct absorbers.
SUS 304 stainless steel wire mesh was used as the porous medium. Four pore densities of 12, 16, 20,
and 24 pores per inch (PPl) were examined. The height ratio and pitch ratio were fixed at 1 and 2,
respectively. The incident solar radiation intensities were set at 600, 800, and 1,000 W/m?2. Three mass
flow rates of air consisting of 0.010, 0.015 and 0.020 kg/s were investigated. The experimental results
revealed that the collector integrated with porous duct absorbers exhibited significantly higher thermal
efficiency than the flat-plate collector under all operating conditions. Thermal efficiency increased with
increasing air mass flow rate due to enhanced convective heat transfer. The maximum thermal efficiency
of 54.96% was achieved at PPl = 12 and an air mass flow rate of 0.02 kg/s and an incident radiation
intensity of 1,000 W/m2. In addition, the porous duct absorbers effectively reduced the moisture content
of the dried product. These findings indicate that porous duct absorbers have strong potential for

improving solar drying systems and low-temperature heat exchange applications.

Keywords: Thermal Efficiency, Solar Collectors, Porous Duct Absorbers
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Abstract

This research aimed to investigate the use of a heat pump drying system powered by a 5.5
kW electric compressor and a 7.8 kW heating coil. The system delivered an air flow rate of 12,800 -
23,600 m3/h within a drying chamber sized 200x400x200 cm (WxLxH). The dryer structure included
a drying chamber, product trays, and a heat pump system integrated with an electric heating coil.
The maximum controllable drying temperature was 75 °C. Drying experiments of 300 kg were
conducted using sliced pumpkin, evaluating parameters such as energy consumption, drying time,
moisture content, water evaporation rate, and color quality of the dried product. The system
efficiently transferred heat from the evaporator to the condenser using compressor energy, while
also removing moisture from the chamber without requiring external ventilation. This allowed for
stable drying conditions independent of ambient temperature drying at 60 °C effectively reduced
moisture content in thin pumpkin slices to the required standard within 7 hours. The energy
consumption was recorded at 85.16 kWh, with a specific energy consumption of 1.51 MJ/kg of

evaporated water.

Keywords: Dried Pumpkin, Heat Pump Drying, Solar Energy

Please cite this article as: T. Kanasri, and B. Pitasang, “Pumpkin Slices Using Heat Pump Dryer for Farmers,”
The Journal of Engineering and Industrial Technology, Kalasin University, vol. 4, no. 3, pp. 58-69, 2026.
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Abstract

This research presents the development of a hybrid dynamic thermal model for estimating the
tank temperature of a 25 MVA power transformer equipped with an Oil Natural Air Forced (ONAF) cooling
system. The primary objective is to enhance the accuracy of temperature prediction under time-varying
load conditions. The proposed model integrates the principles of steady-state thermal modeling and
dynamic thermal modeling, enabling the simultaneous determination of both the final steady-state
temperature and the transient thermal response. In the simulation, the ambient temperature was
assumed constant at 28 °C, and the computation was performed at 15-minute intervals over a 24-hour
period, yielding a total of 96 data points. The load current was varied within a range of 0.3 to 1.8 per
unit (p.u.). The comparative results indicate that the hybrid dynamic thermal model more accurately
captures the temperature variation trends in accordance with actual operating behavior than either the
steady-state or conventional dynamic thermal model. Furthermore, the model performance was
validated against the Finite Element Method (FEM). The evaluation was conducted across three load
levels conditions: low, medium, and high, with copper losses ranging from 0 to 57.39 kW, consistent
with the transformer’s rated loss specifications. The mean absolute percentage error (MAPE) for the
steady-state model was found to be 6%, 8%, and 10% for low, medium, and high load conditions,
respectively. In comparison, the dynamic thermal model yielded MAPE values of 1.80%, 2.57%, and
3.31%, while the hybrid dynamic thermal model achieved lower errors of 1.24%, 0.66%, and 2.35%,
respectively. The results demonstrate that the hybrid dynamic thermal model provides the lowest
average temperature estimation error among the considered approaches. This confirms that the
proposed model achieves an acceptable level of engineering accuracy and shows strong potential for

practical applications in load analysis and real-time transformer temperature monitoring systems.

Keywords: Steady-State Thermal Model, Dynamic Thermal Model, Hybrid Dynamic Thermal Model
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A® Ao guMnIiiLveIiIfan1IY

tank,ss

A, (°C)
O s AB RUUATNIANIEAIN, (°O)

0, Ao aumniinaeunieuen, (°0)

2.3 WUUINABIANSDULTINAIN

LWUUIIABIAIUS DULTINaT R (Dynamic
Thermal Model) visnga Argaumgiidaniaua
Afinswasunlasludnuaeiitufunaineld
anmzfianuazanimuandoudiinisiasunlas
onaen lulldRarsanfivaudiasi Wedlduing
auna waA1atangAnIsuNIINoUANRINIAIY
Soumesdafifienumiag [16-18]

defdsgadonislunsiouvaafiuduain
nsifiaivian Aufeuariiemanunaiaguiy
wazntsfugfiads anifudeszuieeengeina
A1gueN LLﬁ’jwqmmﬁﬁaﬁa%hjLﬁmﬁuﬁuﬁmu
Mdegeayide unagaay 9 WasuwUamnuaiaadi
LI8IM19AUTBUVDINT (Tank Thermal Time
Constant) Faawviouaugamidouvedassaiig
WS iy uasanaTuemiioulas

luBepalnangns Luudianadanainends
n1sAuIMg g ddeluylaiandaluaindn
UNAILAN TINAUHAVDIAIULANANTENIN
fFsnudouiiing unazanuauisalunis
szureAudeu  Yaaaty vildaiunsa
ﬁwaaqwqaﬂssuqmwgﬁLﬁahamﬂ?{ammaumu
Futula wienvuwUsius et lusld Auads
aunseelud

d® -0
C tank — P _ tank A
tank d 1 loss R ( ]- O)

th
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d®tank _ ®tank,ss - ®tank

(11)
dt Tk
Ttank = Ctanleh (12)
. At
tank( ) t . tank(k_1)+—®tank,ss(k) (13)
tank 7'-mnk !
P
S)
Clank Aa AINVRY, (ke)
a | P 1% Y] .
T iank A ANANYVILIANAIUIDUAY, (Min)
k Ao a1RuLIaI
At Ao Pra3a1AU5au, (hour)

2.4 LUUI1ABIAIUSDULTINATALUUNE

Tusuiseildiausuuusiasnnudou
LgINaTALUUNAYN (Hybrid Dynamic Thermal
Model) 1 u33n1531A512%4 7 o1 andnn15ves
an11gAdf MANTUITIUAUNGANTTUAS
LﬂﬁauLLanqquﬁmwunam’%aL%awa'ﬁ’m Wil
annsnUszifiugamnidamsieutasiinaunany
WENM5VILUUT 1099 TnTIE LIS AIUIAAN
qquﬁamqaﬂmemwmmamazmﬁ Feazviou
sedvgamgfivesszuuneliisulalnanuas
AN muIndeud fvun 91ntusahAnediaa
AN ounod sld fvunsns1n15LUE sy
mummammmmﬂmi’j%uulﬂaammumiw
ylaunsnesurednunznsiiui unseanas
Yosgaumniuuurseiiuresluvesszuuauiou
flaunsaUsziiuaiguvndualenie uay
woAnssunsiuAsuduldndeudy vivlinadns
donnaosiulnanaseinlsiunaonianfsauns
seluil
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O () =a® (k=D +(1-)O,, . (k) (14)
Ttank
a=——"
7. +At (15)

tank

dnaun1sivieg lugunuudnaenIus ouLls
WAL UUNAL Hybrid Dynamic Thermal Model
(Proposed) agls

®T,hyb (k)= ﬂ®tank,ss (F)+(1-p)4 (16)
Tned

A = c¥®T,hyb (k - l) + (1 - a)®tank,ss (k) (1 7)

1Y

JasUwuvannIsiv agle

Y

Oy (k) =[B+ (1= B)1 = )]0 5 (K)
+(1_ﬂ)a®T,hyb (k_l) (18)

WD
0,,,(k) A8 Aguupilimdoulas
LNAIRLUUNEL, (°C)
A U a r.§| qoj %
B AD dUUTEENTNIUINUN

0<p<l

LUUT1A04ANNT o ULTINATALUUNEY
duuszansdrsinin (5) grldifiousuanna
sEvimadns eI UUTIABIN IS BUAN 1T AL
wazuuuIaesauiewdanadn laga 5 gn
AMuAR875n15U5UU (Parameter Tuning)
H1unsiUSeuiunadnsvesLuuInaasiutoya
9199991035 Finite Element Method (FEM)
aeldidoulunssasaieatu wmiurhnisuiu
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A g LitelviAtANAaIALed ouduYSaiSouas
(APE) dfntipeiign

3. YURAUNISANLLUU

TuuAse T lFeenLUUNTNARBULUUT A0S
ANNsautmtewdasliiiauin 25 MVA sguu
FLUTUAIINT BULUU ONAF [19] laga1nun
71913871n15391804 (Time Step) N1sAuIMLUUlL
sotlos Wiswansdanisveuveamsdoutasini
Tugasiifinssnenseuabniililnanfinainvans
Vel AufiAn Y2sseiuiifn wazysiiAufisn
Tnofiszazinafiiudsuntasii a15199 1 uans
Joyamfiwesvemloudatiuihuung 25 MVA
Pldlunssrans Feuszneudeainaniglni
Ansgayde uaznniwesnsanuieuiisniy
AMSUNIAUINLUUSIADY Wava13197 2 uana
Panmsiauvemdowadlusuvresdnsidiu
nszualnan (Per Unit) wazyasnandildlunts
$1a04 lelfidudunsdmunmsiinseinuali
npfnssuguuninelaaniiglnanuusiuniy
ANV BILUUTIABIAINLT DU 1@ N178AT LT
NATH UAZLTINATAUUUNE

M19197 1 Yoyansiauas 25 MVA

Feature Value Feature Value
Power Rated 25 MVA ABp x 38.3°C
Voltage HV/LV | 66/11 kV AO,, , 235°C
Time 7 min
Current Rated 2187 A
Constant: 7,
No-Load Oil Volume 10,800 kg
Losses at 17,500 W
75°C
Load Losses Total Losses
57,390 W 107,633 W,
at 75°C at Rated
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A51971 1 Joyaniioutas 25 MVA (sio)

Feature Value Feature Value
Cooling: Ratio of load
m = 0.8
Oil Natural Air loss to no 5

n=09

Force (ONAF) load loss (R)

AN5199 2 29015V UnTaLUaslukuUINaD g

¥298nT1Eu EEETP Y 4291281019
vasnszualvan | (Faluq) Wasuwas
(K) @Fwudaya)
1.0 pu 3 12
0.6 pu 3 12
1.5 pu 2 8
0.3 pu 3 12
1.0 pu 2 8
0.6 pu 3 12
0.8 pu 2 8
1.8 pu 1 4
1.3 pu 2 8
0.7 pu 3 12
RXLY 24 96

WUUDIaBIANSaut it olUadliinvuin
25 MVA S2UUSEUN8AIIUS 8 ULUU ONAF Lag
Wouloaszminanszualnaniunsiinaudou
LAENITAEINAINNS BUNIULASIES 190 UL DILUA
demangamgidmifoudas lunuideillfgede
WWINI9AINNINTZIY IEEE C57.91 ladin13dnass
waziTeuifisugamgiivemdoudadlniinlagly
LUURIABIAIINSOUANIITAIT LazwUUTIa04
audoudanatn a1eldisoulanisvieui
Wil auny Lﬁ'aﬂszLﬁummqﬂé’awaﬁ%mi

1%

ANUIUATNANNIST WILAUD LUNISANYIY
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° % a v aa o °
AVUALRUMANLIARBNAITT 28 °C uavfnun
Y9NITVNNUVDINL BUAI L UNIADILUUIIaDI b

A9AARDINY

Set Inputs I__,.@,.R,.C_, Ar

v
Read Load K=1, /1

fam’

alculate P,

[ Calculate @ms =0,+F_R, ]

[ Update Time 7 = 7, +Af ]‘_k—l_

[ Solve Dynamic @mk__ss(k)]

I

[ Solve Hybrid @, (k) ]

End of

Simulation

End

JUN 2 UNUAMNTEUIUN1TINRRIAIUT U
nilaudadlih
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Gﬁgumaumia"ﬂaaqL%mmﬁagﬂﬁ 2 lafmun
Y¥39981lun15AIUIUN N 9 15 U naea
sgozaan 24 Talus i eliaunsaazsieu
waAnssunsUasunlaswedlnanludnuaugis
soidles wazaemndoafudnuuznsldinuaieves
wilsuvadluszuulnih Lnwesagnimualy
sUnvunalaiseiies (Discrete Time Vector)
Tnsandonszurunisiiaondanaluuudutule
(Time-Stepping Simulation) " aAM YUY U1 A
PanaAsiiviniy 15 uidl dewalilugaanan 24
Flus Soyananun 96 9a Wadanmasiag
sanangnislsiaenndestuiuiuteyaluan il
T dudoyalunisAmuianuudiasinnuiouds
watamuddune nuisddamiugiuny
AU BUTINIINT DY ANl oUUAINALAIAIINY
AuTouds vlwladamdsgqudei iy
wiasanianuiauniely nadnsengumngiia

A

gisufinsAMgaMgiduuan1IzAd 1l
sruvagluanzauna waldeldisnisauin
gamgfidauuunain fieazioungingsunig
pevausudang Woulvnnsusevdmivusas
¥19981 A mnuanmesiiatliaennd oy
uudeyalvan [20,21] n533a0UI K wiru
Fruudeya N vl mnlailyszuuazifinna
wagvhindunou uwifhnld feidunsiugams
{1809

4. WaTEULNEUNITII009 UNY A6 N D
wuag

N13918MA1 N HveauUasvuIa
i 25 MVA neldaniislnannugianisvinenu
ifauvaslunuudiass defimsuusiuresivan
ogmannyaIan 24 $lue MUIoudsnisviiey
vosslautasifidnwauznisanelnaniisngn 0.3
pu uazfigean 1.8 pu ldkanissiaesseguseluil
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ﬂ’gf]l]ﬂa']@Lﬂﬁa‘UﬁLﬁ@%’]ﬂﬂ’]sﬂizu’]m%u‘uaﬂ’]qg
P | = Yo Ql'
ANLNEIBYINILAN Y LLE’{@QVLGWNE‘UV] 6

== Steady State Thermal Model
— Dynamic Thermal Model
90 L — Hybrid Thermal Model

(asrnuardua)

-

NN
i u

a1 (Falu)

5UN 6 nsiSeuiiieuaamginmiiaua

Y
2
U

PNUUUIIADIAIUTOUTY 3 WUU

[ ] Stead)‘; State Thermal Model
10 @ Dynamic Thermal Model

Il Hybrid Thermal Model

Mean Absolute Percent Error (%)
o

Low Medium High

Load

sUN 7 WiguiiguAAuAanAGeuREY
PNUUUTIaIALTaUluLsazYsnan

U 7 Wisuiisunuudiaesii liwadns
ArANRaTIAADURATIAY wasinalndifsai
lunsnageulaazaislvan lagldeaniuuinass
AUSDULTINATH WATLUUIIADIAIINS DULT
NATMUUUNEN W lEadeuUSauiisunITAIUIN
gaunnidavdanuas AUIFN1S Finite Element
Method (FEM) Iﬂaﬁwmmmﬂﬂ’mﬁuﬁwé’qqﬁglﬁEJ
Tuwnaan (Copper Losses) faus 0 89 57,390 W
anufifamsioudas Wunisliaudeuiinduly
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anarnanglaulinduwazdans anelaaniig IEEE C57.91 waVAdauUNISANUIUBILUUINAD
QUNNTUINRBNAIT [22-25] Aaumuansgny wazandaduiuniunieuen wansuanswalyil

dl 1 dl 1 1
A15199 3 AeagluwmazYIalan

Copper Losses (kW)
Mean Data Low Medium High
0.0 -19.2 19.2 - 38.4 38.4 - 57.5
FEM (°O) 28.75 32.63 46.20
Dynamic (°C) 28.23 33.47 47.73
Hybrid (°C) 28.40 32.85 47.29
Dynamic APE (%) 1.83 2.57 3.31
Hybrid APE (%) 1.24 0.66 2.35
Temp (Celsivs) yaanidunsuinszaefivaainyananafifou
fqmlﬂmwyalma?aiqmé’m%j jﬁam‘:uz]mm%’au
1on f4 75°C waadadnAtgumn 6931035 FEM T
WIBULBU AULUUTI889 Dynamic Model tag
- soae2 Hybrid Dynamic Model fiviaus
B ssss

- 51.631

60

| mities 5 |~ Finite Element Metho';l! " oHigh
43819 E 52 . — Dynamic Thermal Model
39913 S 8 Medium
34957 i a
£ 40 7‘—Lcw
&6 L -
N —_ "
o y v am Flosp_er=m-v77
EUM 8 ﬂ’\lsmﬂaaU%uaLLUa\ﬁﬂga’gﬁ FEM # 0 6.4 128 19.2 256 3£.0 384 44‘.8 51‘.2 575
Copper Losses (kW)
3U7 8 W u35n19 Finite Element Method ,
' ' = = = a o
(FEM) 1 umasgsyideluvnatn ieninusou JUN 9 manadsuIBUWBUgRMARIY

wpadnazaelouluindulasdids neldaning 38137 Dynamic Model uag FEM

DUUNILINADUAIT AUDINBIFULHI VAR INGIFR .
9 U Yy v v o9 a a = a o 12
3UN 9 madivumsugunuasnualuas

7 57.5 kW THaunnfanainniuinavd aluad ,
9 U av v aa U o .
71731778 FEM Auwuudnass Dynamic Thermal

75°C Aaandlum1s1ei 1 a2iuI1musouved o=
Model Han15NA@auLUs s UL ULAAILALIAUIN
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LUUT1889 Dynamic Thermal Model Uszuna
Avgamnidafidaliazvieunuilvuvosgung f
Tugreannizasdl wazuuudaesdsiianunann
wdouiiutuludisiilnangs annsifinmds
andevnann dedaliaenadesiuiuis FEM i
gamfLuuan1zas wazgunn TuuUanIe
Wasuuas

56 T T T
52 == Finite Element Method

48 — Hybrid Thermal Model
44 |
40 |
36
32 i
28

Tank Temperature (°C)

24

20

Copper Losses (kW)

5UN 10 nsnaaeulSeuigugumnias

v 9

389179 Hybrid Model tag FEM

[

JU# 10 manswieuiigunuingungiifedl

[

Y
LUATULNL T ULV UN T LA URNNS LA UN A9

Y

il
qLde
=

Tneandildann Hybrid Dynamic Model fiuuslii

'
o

gennd ey FEM Tuyisidegapdoniasuiu
nans uazis udarnuuana1uitug ulugaeids
GRIGEGR el AuuAnseTanaILEnsIn FEM
TinadnsAazsoungfnssunisaremanuiou
Beiuiildogsaviden vairdl Hybrid Dynamic
Model fignmnfifintusgreseiiiasaneuiou

Pazaunauntnu lgAIuINA78

3T I Ussdur1aueatnLad ou
Absolute Percentage Error (APE) ﬂjaﬂqquﬁﬁq
LUUI1a89 Dynamic Model tU5 8 UL 8 UAY
WUUD@e9 Hybrid Dynamic Model ﬁqgﬂﬁialﬂﬁ

NsaFimnssukazmaluladgmamngsy wninerduniudus U1 4 atuil 3 wauanau - fquieu 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 3 May — June 2026

— = Dynamic Thermal Model | /|
— Hybrid Thermal Model i L

Low - i

Absolute Percent Error (%)
AN W s bt oe o @

Copper Losses (kW)

Ul 11 Aanueanandougamgiias APE
5¢%179 Dynamic Model wag Hybrid Model

gﬂﬁ 11 M3UszidiudAunaIALAADY APE
v93gunn i danuingreluans uuuTiaes
Dynamic Thermal Model 42913udufuansdian
4.5% INNISAUIUTITIRINAIAINLAGIALAE BT
FeinaanluAnaniizaed i IRTya035 udu
wane 198l oL e Uy Hybrid Dynamic Model
figrasudufuIniiangs 7% anmsidedden
gamgiannzasfinldmuinnsudu dmnls
fmuaeni fagldinarmuagisiamilF ez
annsagiinannzgamniinindedudFuusn
LaIdsEunsaAwINmaungiivieluld uaz
Jlewisuiigaluanuiunans Hybrid Dynamic
Model ffnanuaaimpdeusiniiazusiuginid
ﬁ]uﬁﬂﬂfaamﬁﬂé’aq@Lﬁsﬁwmaauﬁﬂ'ﬂqqsﬁju A
auAaILAAeuTdeLUUSaealAlnd e
AUV

5. @5Unan1sivy

Aol FausnsiRLUUT a0
Sounwtawladlinvuiainna 25 MVA S¥uU
FTUNYAINUS BULUU ONAF lagtUSauli gy
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Dynamic Model AU35 Finite Element Method
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Abstract

This research aims to develop a prototype of a whole-stalk sugarcane harvester by applying
reverse engineering in combination with three-dimensional design and analysis using the Finite Element
Method (FEM) to propose structural improvements prior to actual fabrication. Data from the existing
prototype were utilized to create a three-dimensional model and to evaluate structural strength. The
sugarcane topper cutting unit was designed to enable more continuous operation, to reduce the
accumulation of debris within the working area. The structural analysis results indicated that the original
sugarcane topping system had a yield strength of 2.83x10% Pa and a maximum Von Mises stress of
2.67x10° Pa, resulting in a factor of safety (FoS) of 1.06, which is close to the yielding condition of the
material. After structural improvement, the maximum Von Mises stress was reduced to 140.50 MPa, and
the FoS increased to approximately 2.01, demonstrating an improvement in structural safety and an
enhanced capability to withstand fluctuating loading conditions in actual operation. In addition, the
concept of a leaf-clearing mechanism helps reduce clogging caused by the accumulation of sugarcane

leaves, resulting in a more continuous and efficient harvesting process.

Keywords: Sugarcane Harvester, Reverse Engineering, Finite Element Method, Factor of Safety
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N133ULIIGINNTLUIUNITAALAZNTANT LAY
908LlNg TeUUdn tnefiAniswessgniivuali
AOAARBITULLAILSITIANTUTS 15T WINaM Y9
vosgaindan uanantEvldmmuausufiudy
U‘%Lamf\;mamﬁmama%ﬁﬁum?{au \losasmaves
ussdanazimindidnewdglassadimdnsemiig
N5y lngivualidanlasasimanvesss
Fnson wandlunisned 1

2.3 29NLUUINABITORNDR8LUUTAI

nilasIadesaiuaInsasess Uiy
9998 UA UL DNSWAIUNT TUTEANS n e
FIANTUNITOONLUULALLT IULUUTOAND BE
a¥1auuuiansaud fvesd udruit lasunis
USuussieTusunsa Solidworks 2021 Liteldluy
N150BNLUULALILATILALTIAINTTULY ULABINY
1153151z veslassadedunuutiy 1l oli
AUTOLUS U I UNANISIFINTTUTEWINLUULAY
nazwuuTldsunsUsuUssldgednueg Ul 4
Tudufilasunisinszianund sz fowi
N15USUU T RIUNADEIUYDITEUUTRITUNITAN
YONDDY
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« NIDBNLUVTUNLFIY

« AUAIITY

o miﬁwmgﬂ HUUIADY

o AWLENUINEIU

N1IN1NUA
AN Y a
HLUIANUD
N138BNLLUU a v ¢
WARANLUN
a L4
NIINEIU
N138BNLLUU P
& P BUIANUBDINIT
VUANNY
' DBNLUU

« DOALUUNITTUIUNIT ASHAUINTDITUA

NARLAYATIVEDU

. mseanuwuuly
Swazidun

JUN 1 193993N58UIUNMTORNUUUNERS e

a Y ° wa ) a ¢ = aal s a ¢
f19791N 1 ﬂa@ﬂﬁﬂ’]%u@QmaNUG‘IGUEN']ﬁQIUﬂ']ifJLﬂiqgﬂﬂjﬁligLUSU?ﬁWWQIWIu@L@@L@Ju@

NUIANY 151303 (Parameter) 518821980 (Specification)
Material Name SS400 (Structural Steel)
Analysis Model Type Linear Elastic Isotropic
Modulus of Elasticity 200 GPa (2 x 1011 N/m2)
Material Model
Poisson's Ratio 0.3
Mass Density 7,850 kg/m3
Yield Strength 283 MPa (2.83 x 108 N/m2
Element Type High-order Quadratic Solid Element
Total Elements 88,206
Mesh Generation Total Nodes 177,942
Max/Min Element Size 20 mm / 1.25076 mm
Jacobian Points 16 points
Aspect Ratio (Average) 7.1635
Mesh Quality
Aspect Ratio < 3 (%) 89.20%
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Describtion
Foot
Arm

Motor
Cutting Blade
Motor Cover

__Main Structure

Support Upper Arm

Upper Arm

Lower Arm

Feeder

N 4 o :' 9 ) '\A__-/. \._‘_./ [ Blade Cutter
|
1

Q
<

=N N[N — =I5

Zi3le @ Njo o b.wr\)—é

(n) ()

JUN 3 Fudwerlvaves (n) szuudngendee (V) lulinvessyuudugesly
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NEw Update List

No Describtion Qty

New size Blade Cutter

Arm for Chain and

? pocket ?
kf//] 3 CoversrBlocde Cutter | 1
4 Base Cover 1
[ Support Arm 2
6 Clear cutter set 1
UM 5 gaRngendeeiilasunmsuiuls
2.4 STUUANYDNDRY ANSNAIUIANYULVDIRIUINT LTANRYIAIAUD BEY

24 I Y d! U al o < (Y v
Lmqiumﬂ gagaAsianuwazLdunaniinnINelany
wAUULAY kedin1siidludgnuunadn (New Size
Blade Cutter) Usenauniludiuvaswauludnd

1n3UN 4 nuelavd udIunaneay 1-5
29nkUUIIN1SUSUAgUIUINYRIlURARD D LAY
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Hn1sWaunlug (Arm for Chain and Sprocket)
iiotaglunisingesludes wenanilétesnuuy
frlAseU (Cover Blade Cutter) fislutiiitosiiu
iwsludaslUazandisied e st uuunas duans
YOIEENIL Feandnvarldsevesiansouay
Jeruuaraurvlusasleonlunieniud1aves
F1LAdpauny 93 udrui oenuuULAEWALNTY
wandlu U7 5

3. WEN1INNaBY

3.1 NI9ILATITHAIULT ILIVDITARAD DEN
TAsUNITWRAILN

NANNSILASIER AT I59909LATIES 4
nn3T1aeen 1835 Illudiediuudg i
UsgLl UAINULALIZEUYDINITORNLUUIAENTS
WU euA1AIULA Wg sd A (Maximum
Equivalent Stress) LAnT ufUANAILALLT T
9AAINYRITaR (Yield Strength) Aldlun1snan
Tassade Yanildlulassadrvdnuessodndes
Jundnlaseads Jedlarnnuiduasinuszana
283 MPa a9 ulunisesnuuulaseasis
1A3padnsna ArALIALARTUTSIEBIRINT A
AULAUATINYBITAR Lﬁaﬂaﬁuﬂ’m%agﬂmn
yoslaseadae (18,191 lunasAnend A vinnas
AATALUTLUUANLDADRY NUTIAIAIULAUEIER
AT uaINN1STIaeelAIRInIAIAALAUATIN
Y997an 08190 ALIU denalilaseadieaiunse
algaeldginanniseensuls waziiauie
Auvasnnsluniseanituu (Factor of Safety :
FoS) 1nnn 1 wazlussuudugeylu laeiisnns
FuaAn FoS fauanafidunisi 1

FoS = Yield Strength / Von Mises Stress (1)
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e ;
Yield Strength = ANAIALAUKIIFTIIAATIN

Von Mises Stress = APPSR EANNSEYINILIzn

TnoAmndugsgaiiintugnegsinis
AANILAUATINVRTTERUAEIAY wansliiiudn
Tasvadsfieanuuuananansesdunssiiinduly
sEnInnszuIunsaulalesladiinnisdesy
013 MaturansTiangide3sinludiofiuud
au1saduduladnlassasavesssuuiaiiy
Wl ausuieanewazey lugruunnisseusula
dmFun1slEUes e afndosfuLUY

3.2. AmnuAdLazaulasnnelunisyineu

n1sUssiiuAulannd ot alaseas1euns
YARNE0No 0lAYAT1IUUUTIADIA1UT AR e
TUsunsy SolidWorks 2021 LagILAS1LW A e
sadouidlvludioduud nelddeulunsviau
Fimiun ntiufiansandl Maximum Von Mises
Stress LUS s ULN 8 UA UA 1 Yield Strength way
ANUINUAT: FOS Imsmaé’ws‘uamﬁagﬂﬁ 6 §1915U
WUULAN Wan1591809l9AN Yield Strength VAU
2.83x108 Pa kag A 1 Von Mises Stress g9dn
W NAU 2.67x108 Pa v lu LA A1 FoS = 1.06
Fawuinlassaadiszozilonouisgansinilaniisn
fiuszan 6% lngonadawaliiinanizluandiy
HAUIUIIUASY LU N1SARTAANNLAEI USRI LSS
nszunnrasudnenvliaAuRLT uaudh
Inansideguanasle

naan1sUTulsLuUsadne eglndlag
20NV UNENUINNT19UANEUAULY ULAL WAl
Asiinludnruindn wazdiurnaseu tietiuan
nsglvanvesluiinduyend oy Wu3I1A1 Von
Mises Stress ga@nanadnae 140.50 MPa Lile
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WA1TUITIUAUAN Yield Strength vedan Al N13509fULTINgWULaziiTzeLIlonauiagansIn
AR1UsENN 283 MPa danalian FoS windudy  dandiiudu [20,21]
2.01 YINSLNUVUBY FOS LaRIDamINaNITa b

d' ™ = ° v v S a A v o
M1919N 2 Naﬂ'ﬁL‘UsEJ'ULWSULLUUQW@@Q?QW@@@’ULL‘U'U@QL@@JLLagLLUUW1ﬂ3Uﬂ7§U3UU§Q

Parameter WUULAN BTHTTER
JLUUFNYOnDDY wuudu Tudnvesszuuduges | wuuusuugs Snsdiwludnuuaanid
Tuvualng TUludruvowaulusn wazlidninseu

Josturwludagluazauifiniag

A1 Von Mises Stress g9dn 2.67x108 Pa 140.50
(MPa)
1 Yield Strength 1l 2.83x108 Pa 283 (ufanfieaiu)
AWl (MPa)
Factor of Safety, FoS 1.06 2.01
Margin to Yield ~ 6% ~ 101%

WALEINTTNSENEIVRY | NIEINFIUTINAAEA/MUUYA | NTEANEFIATUIINNITIALEUNALT AL
AHLAY Ao Vi biAedEIs) nsesulAsEse

nsavauiavlugesly | dnsazauge vinlviada/ven | anasanandiaseulesiuiavluses

ITUUAR LATDY
L@DYIAINATYINU Hlen1afndn danananIl UsiBLleIRTU ann1sUEAYTINNIY
(Operational stability) pawliosnsiiuiien
4. AUTIUaTATUNANITNAGDY JEUUFngaAludRY Nan153ATIen FEM ludiugye

MBS NS sdiodmnssutousoysuRy FNUanDaYLAAILUIUNTALIUITLUULANT T2 8

NN9NLUUANNALAZNTIATIEE T2 T8UTD
Tludioduud (FEM) iiieldnaldassadidluns
U$uU3ad ududAyressadadosnaunisuin
AuLUUass lasuAUgynudenislaeu laun nns
azaniavludeslussuudadahlugnisindanas
N9 ALAT 895EWI1AN1THEY TRDIRIPER

Heruasaderegansnaoudesiniuuudil
nMsUuUsdmifaianufuayauanasuazaiiile
anudaendoifiuiu waasulassadrmdausulss
fianunfeusessvannglnand funiuladngy
W luannseynannsintavedAyludaemnse
LSINTTWMNTELAR MsTouliieusinugu 6-7
SenaaaaslE a5 USuUs SuuUE e ns1uLE g wazp a7l 2 Drelidiurnuuanssiadeiunm
q ) LB ANTTUNITNTEANANMULAUYDILATIAT

AFMINTTUTDISU LAYANANULELIRIUANLTINTS . o B
latalau Wena1sudanadgns ﬂTﬁUﬁ‘UUEQ

¥94lAIAs 1T NSIINLALUSUDIAUSENBUYR
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szuudngenlagiiitesdUsznousunstesiunis
avanavly Junliuneanleniainaniizgasiu
fufinte Faduaimnddyuedvaninagauuy
Fundu wonaind nafinuazsuduaauly
fuvsdAgesgadasendad afonisnizas
Bumensanenss (Load Path) IWissnzautu an

1 L

(n)
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N1INTEINFIVIANUAUUIINABANULIUYAGIA
LAy LA ULEA HTAINAITHIIIUA BLT B
FeaenndoeriuingUszasdvesuiiaufuluy
safmgasuuuindud Inedinsgianulasnsie
WWalAsaas19vessndnssaniana FEM WJuinauei

JUTUANUALNEAUNDUNITHNAN DT

Y

(%)

JUN 6 amsliaTgiAAuUaenfelunsinemu (n) nanmslesgilassaimdnvessadndeelasu
NSUTUUT (0) HaNTIATIERSEUURARYDAYRITARRBBETLATUNITUTUUTS

(n)

()

JUN 7 nansliasgvienaniiudenegen (n) nan1sineilasaiimdanvessadndesnlasunis
USUUSE (1) HaNTIATIEYTEUURngaRAvITRn R lasUNISUTUUT

5. dyUwa

¥

NUITBUL AU NI TWAILIAULUUTDF N DY
wuusadualaeldiainssudausessiudunng

POALUVENTALAYNITILATIEE FEM tiadudu
AT s T lATIEs 19 veeT uaud A gLay
atuayun13AndulalSuUTIMUUNBUNITNARNDZY
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Toesjaudtgmnisazamavludoslussuudngs
\duanmmvesnsindauaznisvegaiaiedszning
nMafuien wan1slinseidauieuiioud
wuuUduUgsliulduasduanasuazeie
arudaenfogadudlodfisutuuuuiiuisuenis
nsgnszaumINUaeniBddasiasisazay
niousinangluanduniuluauase launns
UTUUT89580UUsEN0UaIe (1) MIRAIUITEUY
fnoendariunisifiuesdUsznoutisannis
azauavlunaziiiunudeideslunsieu was
(2) nsiiiayelufinluszuvdugesludesioan
nsgafuaniayian Tnsauideianmsaldidy
LUINNITRBNRUULATATIVADULTIIAINTTN
fvsunisauiias 099 nTNANITINYAS
aelulszne uanandinuasnaviontisay
nMAs5iLA et eetun1sdaaiued esdnina
nanvasassadransinndlvlfidudaya
Usgnoulumsiamuimaluladnsfuifedesli
WHgauAvan NIty anAUNULTIY
wagtiiuUszdvsamlunamainunsléeld
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