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Abstract

Social media platforms are the community people gather in where they can generally express their free
willing opinions to others on any topics they attend. However, on many occasions, the cause of violating
arguments or an unpleasant atmosphere in the community is initiated by negative, toxic, and hateful posts
or comments. For that reason, monitoring post systems on social media is an essential topic in the natural
language processing area, especially in multi-linguistics research. In this study, we proposed a method of
improvement for the Thai language's toxic and hateful classification that was trained on the dataset of 2,160
posts from the Thai toxicity Twitter corpus for training and verifying. Therefore, we designated the
ensemble approach which includes the combination of XGBoost, multinomial naive Bayes, logistic
regression, support vector machine, and random forest for classifiers. In summary, the ensemble classifier
improved the previous study in the same dataset with 0.7808 precision, 0.7778 recall, and 0.7721 average
accuracies in the weighted F1 scoring with an accuracy of 0.8235 in the F1 binary scoring.

Keywords: Natural Language Processing, Toxicity Posts, Word Vectorization, Thai Language Corpus,

Ensemble Model.

1. Introduction

Social media are places where people can
express their identity, share their opinions, and
idealize. Over 5.18 billion users in late 2023 are
engaging with various social media platforms such
as Facebook, YouTube, Instagram, TikTok, and X
(Twitter’s rebranded identity) [1]. Accordingly,
numerous users on each social media platform
have diverse reasons that persuade them to keep in
touch with friends and family, fulfill their spare
time, read news, share, and discuss their opinions
with the community. So, occasionally some
activities on social media platforms may cause a
conflict of opposing ideas in a thread of news
feeds, influencer sharing, and political issues [2].
Therefore, to identify a negative post or tweet, the
linguist attempts to use a taxonomy of word tone
in a sentence [3] to classify the toxic or hateful
sentence from neutral posts, in which diverse
languages also have unique taxonomy and word
corpus. Likewise, in the Thai language, many
scholars have improved the Thai corpus as

NECTEC's ORCHID [4], NECTEC's BEST [5],
and Thai user-generated web content (UGWC) [6]
corpus.

Observing and identifying hate speech and
toxic posts on social media is crucial for ensuring
individual well-being and community integrity [7].
These harmful behaviors degrade discourse, create
hostile environments, discourage participation,
and marginalize vulnerable groups, undermining
inclusiveness and democracy. This leads to self-
censorship and withdrawal to avoid harassment.
The psychological impacts, including stress,
anxiety, depression, and suicidal ideation,
necessitate effective moderation for mental health
protection. Legally, platforms must monitor and
remove hate speech to comply with laws and
uphold societal norms. Unchecked hate speech can
spread misinformation and radicalize individuals,
leading to violence and societal destabilization.
Economically, toxic environments reduce user
engagement, affecting platforms’ viability.
Addressing these issues fosters safer, more

doi:10.14456/rmutleng;j.2025.1
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inclusive, and healthier online communities,
promoting respectful dialogue and sustainability.

A ssignificant approach to this problemis to use
supervised machine learning techniques to train a
model on a labeled dataset of social media posts.
The features used in the model can include
traditional NLP features like bag-of-words, TF-
IDF, or word embeddings, as well as additional
features such as sentiment scores, part-of-speech
tags, and n-grams. Numerous research papers have
proposed specific models to detect hate speech and
offensive language on social media. In our study,
we proposed a supervised ensemble classification
framework for detecting toxic and hateful posts in
the Thai language dataset, as shown in section 3,
the model results and benchmarks in section 4, and
the conclusion of this study in the last section.

2. Related Works

Scholars from Keio University [8] proposed
the unigrams and the pattern features as a
technique for automatic hate speech detection on
Twitter based on the English dataset.
Consequently, the pattern features have extracted
the unigrams into two categories containing the
sentimental word and non-sentimental word for
primary unigram features. The dataset contains
7,000 tweets for a training set with three classes for
classification prediction such as a hateful class, an
offensive class, and a clean class. The various
classifiers including the Random Forrest, Support
Vector Machine, and J48graft are the candidates
for benchmarking, thus the J48graft classifier is
outperforming as 0.784 for an F1 accuracy. To
sum up, in the same classification model the words
feature method has a significance of the model
performance. Thus it is the Unigram Features
show outperform accuracy followed by the Pattern
Features, the Sentiment-based Features, and the
Semantic Features.

The study in [9] proposed the word ambiguous
manipulation and an automatic sentiment
classification for a Thai online document.
Accordingly, a combination of deep learning
classifiers such as a convolutional neural network
(CNN), bi-directional long short-term memory
(BLSTM), attention mechanism (ATTN), and bi-
directional gates recurrent unit (BGRU) has been

selected for performance benchmarking. However,
the data preparation for cleaning up a training
corpus which includes removing username
patterns, emojis, URLSs, hashtags, and meaningless
characters is a primitive method before document
tokenize and word embedding technique to turn a
sentence into a vector format before the
classification. A collection of 41,073 documents
split into 21,490 positive classes and 19,583
negative classes is training and verifying to
mentioned deep learning models, found the
BGRU+ATTN model performing best result for
91.85% and the others on around 91% F1 scoring
accuracy. The deep-learning approach is an
appropriate model for classifying a sentiment
polarity with a structured vectorizing document
even though in the Thai language.

In [10] proposed the comparison of supervised
classifiers and deep-learning models for detecting
toxic languages in the Thai Twitter dataset.
Certainly, this research is separated into two
feature extraction techniques, including Bag of
Words (BOW) and term frequency-inverse
document frequency (TF-IDF). Therefore, the
candidate of classifiers including convolutional
neural network (CNN), long-short-term memory
(LSTM), and pre-trained bidirectional encoder
Representations (BERT), were compared with the
public Toxicity Thai Twitter corpus. The results
show that the Bag of Words (BOW) with the
Extra-Tree classifier, has achieved the highest F1-
score of 0.72, a classification accuracy rate of
72.27%, and an AUC value of 0.77.

3. Methods

Our study employed three essential methods,
incorporating data  preprocessing as the
preliminary method to input text cleansing and
normalizing before vectorizing all documents thus
suitable for training and verifying with the
classifiers, a brief detail as in sub-sections 3.1, 3.2,
and 3.3. The second method is the training and
verifying process for all candidate classifiers
which all competitors are combined into the
ensemble model component and thus is
emphasized in sub-section 3.4. The overview of
the proposed framework is shown in Figure 1.

Volume 10 Issue 1 January - June 2025
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3.1 The Dataset

The scholars [11] gathered 3,300 tweets in
the Thai language for their study in annotation and
classification of toxicity for the Thai Twitter
corpus. Therefore, the Thai toxicity tweets corpus
is selected from a significant 44 keywords relevant
to the Thai toxic words. For example, "dyls"

(beastly), "Fuam" (traits), and "aeuna" (lie) some of

these keywords are common and neutral sentiment
semantic words. But, it's likely for offensiveness
use depending on the context of the sentences.

Preprocessing Classifiers

‘(" RawThai ): : :

i | Toxicity Tweets | ! ' XGBoost |

! Corpus ' ! .

E Data Existing |1 E | ) Naive Bayes | |}

| Verification E ! (MNB) H

" fﬂ ' ' e :
. I e S I

E Text Cleansing : Train/Test Split E > Logistic . ':[ Ensemble Prediction
: : : Regression (LR) : l
B—m— | p—
. ! 2 [

! Words E ! Support Vector i

! | Normalization | ! ! Machine (SVM) :

' ' ' — :

S T | I

E Te.xt . i E |, |Random Forrest !

1| Vectorization | ' (RF) !

P —_ ' .~ i

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

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

Figure 1. The framework of the ensemble classification method

So, each post has been reviewed and labeled
as a toxicity post or neutral post with tripartite
labelers for semantic annotation. In brief, for a
primitive 3,300 tweets, we found a missing tweet
text showing "TWEET_NOT_FOUND" for 506
tweets, along with an empty character in the
dataset for 634 tweets. That remains 2,160 tweets
for the data cleansing and pre-processing methods,
including training with the various machine
learning models for identifying a toxicity and
neutral post-prediction afterward. The distribution
of the trained and tested dataset includes 1,332
posts for toxicity posts with most of the unanimous
agreed annotation labeled to class “1”, and 828
posts for neutral tweets as shown in class “0”, thus
the tripartite labeled annotation voting proportion
as shown in Figure 2. In short, the toxicity posts
annotations are labeled with the unanimous agreed
referring to 3 votes in tripartite followed by 2 votes

are majority agreed, while 1 vote and neglect are
labeled as neutral posts

Unanimous Agreed
Majority Agreed

Neutral Posts | 38.3%

Toxicity Posts

Figure 2. Tripartite Voting Proportion for Toxicity
Annotation Posts
3.2 Data Preprocessing

The essential preliminary process for the NLP
before the model training is wrangling and
cleansing the raw text. Therefore, the text
wrangling and the cleansing process is an

Volume 10 Issue 1 January - June 2025
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arrangement of a primitive text thus retrieved from
sources to an appropriate format for an NLP
modeling method.

Besides, the advantage of text pre-
processing is eliminating an irrelevant context
from significant words in the sentence or post.
Moreover, the Thai language also contains
ambiguous verbal in most Social Media postings,
so the word normalizing with the Thai word
corpus is the final process for the wrangling and
cleansing process. In brief, the pre-processing
method involves blank tweet removal, hashtag
removal, special characters removal,
punctuation & separator removal, URL removal,
emoticon & Unicode removal, English words
removal, number removal, and word
normalization. The details and purpose of the
text cleansing process with an instance tweet
sample in each step of the processing are shown
in Table I. Accordingly, after the preprocessing
step, the corpus average words per post would
reduce by around 6% from the initial corpus, or
around 19.45 words per post after the word
normalization process.

3.3 Text Vectorization

Consequently, the last method of the data pre-
processing procedure is to vectorize the cleaned
document with the term frequency (TF) and
inverse document frequency (IDF) method. The
TF-IDF is based on the vector space model
(VSM) concept to visualize the words in
documents to the high dimensional space of its
vocabulary, thus represented as a vector. Hence,
TF is a word w frequency count f in document d
is shown in (1), while the IDF is the count N of
document D in the corpus where the word term t
represents in (2). Finally, the normalization of
the vector between TF and IDF is as in (3).

_ f{t,d)
tf(t’d) N max{f(w,d):wed} (1)
idf(t,D) = log ————— )
! ’ 0g | {deD :t ed}|
tfidf(t,d,D) = tf(t,d)xidf(t,D) 3

Table 1. The purpose of text cleansing in the pre-
processing methods

Process Purpose
Remove a record by the
blank tweet blank value and the
“TWEET NOT FOUND”
removal - -

on the “tweet text” field.

Remove the character “#” so
that Twitter users often post
with assigned hashtags

relevant to their tweet topic.

hashtag removal

Remove the punctuation
characters and excess
whitespace created by
multiple spaces and tabs.

punctuation &
separator removal

Remove website sharing
links thus begin with “http”

URL removal
and “https”.
Remove emoticons such as
© A Y O and A,
emoticon & which include facial

expressions and hand
gestures, as well as any
Unicode emoticons.

Unicode removal

Remove all English words
and single characters, as they
are not relevant to the Thai
dictionary.

English words
removal

Remove all numbers from
number removal tweet text.
Check for spelling errors and
correct them based on word
similarity and relevance to
the Thai dictionary corpus.

word
normalization

3.4 Classifiers

Concerning the classifiers, we had
designated aggregate as the baseline model beyond
the previous study [10] as mentioned above.
Therefore, a brief description of each classifier is
shown as follows:

n Volume 10 Issue 1 January - June 2025
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An XGBoost (eXtreme Gradient Boosting)
[12] is an algorithm for gradient boosting on
decision trees. It is an implementation of the
gradient boosting framework that is designed to be
highly efficient, flexible, and portable. In text
classification, XGBoost can be used to train a
model that can predict the class of a piece of text
based on its features. The features of a text can be
represented using various methods, such as bag-of-
words, n-grams, or word embeddings. These
features can then be used as input to the XGBoost
model, which will learn to predict the class of the
text based on its features.

The multinomial Naive Bayes [13] is a
variant of the Naive Bayes algorithm that is used
for classification problems with discrete features,
such as text classification. In a text classification
problem, the model takes in a set of documents and
their corresponding labels and learns the
probability distribution of the words in each class.
During the prediction stage, for a new document,
the algorithm calculates the likelihood of the
document belonging to each class, based on the
words it contains, and assigns the class with the
highest likelihood as the predicted label.

The Logistic Regression [14] is a supervised
learning model that can be used for text
classification tasks. The basic idea behind using
Logistic Regression for text classification is to
convert the text data into a numerical
representation, such as bag-of-words or TF-IDF,
and then use the numerical representation as input
features for the Logistic Regression model. In TF-
IDF representation, the text document is
represented as a vector of TF-IDF values, which
takes into account the frequency of the word in the
document and its importance in the corpus.

The Support Vector Machines (SVMs) [15]
can be used for text classification tasks such as
document categorization and sentiment analysis,
in combination with the TF-IDF (term frequency-
inverse document frequency) representation of the
text data. When training an SVM for text
classification, the TF-IDF representation of the
tweet text data is used as the input features for the
SVM, and the corresponding labels toxic and
neutral are used as the output labels. The SVM
then learns to separate the different classes of data
by finding the hyperplane that separates the
different classes in the TF-IDF feature space.

A Random Forest [16] is an ensemble
learning method that can be used for text
classification tasks. It is an extension of decision
trees, and it is composed of multiple decision trees
that are trained on different subsets of the data and

with different subsets of the features. Following
the text classification, a Random Forest algorithm
typically works by first converting the text data
into a numerical representation, such as TF-1DF or
word embeddings.

The Convolutional Neural Networks
(CNNs) [17] is a type of deep learning model that
can be used for text classification tasks. CNNs are
designed to process data that has a grid-like
structure, such as images, and they have been
adapted to work with text data by treating the text
as a grid of words or characters. In text
classification, a CNN takes in the text data, which
is typically represented as a matrix of word
embeddings, where each row corresponds to a
word in the text, and each column corresponds to
a dimension of the embedding.

An Ensemble Classification, with regards to
our proposed supervised soft voting ensemble
model as shown in (4) where the ensemble
prediction is formed by the arguments of the
maxima of weight w and probability p of each
classifier which comprises logistic regression,
multinomial naive Bayes, the XGBoost, support
vector machine, and random forest.

_ n
yensemble(x)_ arg max; Zj:l ijij (4)

4. Results

The evaluation process is inaugurated by
randomly splitting the dataset to 90:10 for the
training and testing dataset. Accordingly, we
report the performance of each classifier by adding
an amount of each class as the weighted average
precision as (5), (6) a weighted average recall as
(7), (8) a weighted average F-1 score as (9), (10),
and the accuracy as (11) to normalized a minority
fluctuation in unbalanced class.

Weighted Average Precision = % -Pﬁ% Py (5)

Tp, Ty

Po= ;P = —L 6
O T Fp, 1 T tFp ()

Weighted Average Recall = % -R0+‘|y—y"| Ry (7)

T T
Rp=—2% ; Ry =—1— (8)

Tpy*Fn, ’ Tp, ¥,

Weighted Av. f1 Score = |y°|f§|core° + ly“f?;lcorel 9)
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2PyRg 2P| R,
flscorey = ; flscore; = 10
0" "pg+Ry Y (10)
T, +T
accuracy = ——-—— (11)
Tp+Ty+Ep+F,

Where v is the set of predicted pairs,
v is the set of predicted class n,
P, is the precision of class n,
R, is the recall of class n,
Tp, is the true positive of class n,

Fp, is the false positive of class n,
Fy,, is the false negative of class n.

In summary, the results are in Table 2. found
in a particular candidate classifier that the logistic
regression outperformed accuracy in the group at
0.8145 followed by an XGBoost at 0.7895 and the
baseline CNN is the third place at 0.7952.
Compared with the transformer-based model
BERT shown in reference [10] our proposed
ensemble model also performed better with around
16% accuracy.

Therefore, the ensemble model is superior
and performs in all benchmarks with a 0.7802 in
precision accuracy, 0.7778 in recall accuracy, by
far the average accuracy of 0.7721, and the overall
binary fl-accuracy as 0.8235.

Table 2. The performance of candidate & proposed
classifiers

- Weighted F1 Accuracy Binary F1

Classifier —
Precision  Recall Average Accuracy

XGBoost 0.7530 0.7546 0.7518 0.7985
MNB 0.7282 0.7037 0.6757 0.7852
LR 0.7681 0.7639 0.7565 0.8145
SVM 0.7468 0.7407 0.7422 0.7686
RF 0.7303 0.7315 0.7255 0.7852
CNN . 0.7652 0.7639 0.7644 0.7952
(Baseline)
Ensemble ' 2a00 07778 07721 08235
(Proposed)
BERT [10] 0.6500 0.6800 0.6700 0.6600

5. Conclusion

The ensemble model is an enhancement
method for improving the performance by the
ability of the candidate classifiers by their
prediction and the confidence as a weighted

parameter. Particularly, in text mining and
document classification applications the basic
classifiers have approximate optimal performance
in the same range thus the ensemble model is
appropriate for overall improvement. As in this
research, an ensemble method classifier with TF-
IDF featuring methods provides several
advantages in text classification tasks. Firstly, they
enhance robustness by leveraging diverse
representations of text data, improving the model's
ability to handle variations in language use and
important words in a document structure.
Secondly, ensemble classifiers mitigate an
overfitting inherent in TF-IDF-based models by
aggregating predictions from multiple base
classifiers trained on different subsets of the data
or feature space. This regularization enhances the
model's generalization to unseen documents and
reduces the impact of noise in the training data.
However, the pre-processing in this research such
as text-cleansing is beneficial to eliminate
meaningless words and irrelevance punctuation in
forming the word vectorization in TF-IDF have a
significant to the dimensional reduction for the
model training process. In contrast with reference
[11] is included emoticons in their training dataset
with the belief that they expressed a sentence
emotionally. Our experiment in the pre-processing
step found the emoticons are useful for sentiment
classification, but not quite meaningful in our
objective to classify toxicity posts and comments.
It is because many sarcastic posts use emoticons as
mocking adversative meanings. Hence, we decide
to remove all emoticons in the pre-processing task.

Additionally, our proposed methods
improve classification accuracy, especially in
challenging tasks with imbalanced class
distributions or subtle distinctions between
document categories. By combining predictions
from multiple classifiers, ensemble classifiers
achieve higher predictive performance than
individual models. Overall, our proposal thus
based on an ensemble classifier offers practitioners
a powerful approach to building reliable and
effective text classification models for toxicity
posts and hateful comments detection, which is
different from sentiment classification in previous
research. The word’s meaning is relevant to the
tone of the sentences in which the modern
language model such as the transformer-based
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model or the large language model outperformed
for sentimental prediction. But not for toxicity and
hate speech detection particularly in written
language with connotations like Thai language.
So, we found that the sentences vectorized with a
thoroughly selected for modeling an ensemble
decision are appropriate for classifying a
connotative meaning in sarcastic comments based
on the degree of word vectorization method in our
proposal than the previous study shown as
benchmarking in Table 2 results.

Future research and applications for
detecting hate speech and toxic posts on social
media should enhance algorithmic accuracy and
efficiency, leveraging NLP and machine learning
model advancements like BERT and GPT.
Developing models that understand context,
sarcasm, and evolving slang, along with creating
multilingual and cross-cultural capabilities by
using diverse datasets, is essential. A community-
based moderation, where users report harmful
content should be explored. Likewise, maintaining
trust in automated systems and integrating
detection with speech-to-text generation from
image and video analysis can enhance. These
advancements can be applied across social media
platforms, educational research, and fostering
safer benefits for more inclusive well-being online
communities.
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Abstract

Recovering waste heat is crucial for improving energy efficiency in industrial processes. As the demand
for sustainable and eco-friendly solutions grows, industries are seeking various methods to reclaim and
reuse the heat generated during their operations. The primary objective of this study is to explore the
potential for waste heat recovery in batch centrifugal machines by analyzing their current energy
consumption and waste heat generation, investigating the feasibility and efficiency of various recovery
methods, assessing the potential energy savings and environmental benefits of implementing these systems,
and providing practical recommendations for industries to optimize their energy use, thereby demonstrating
the significant role of waste heat recovery in enhancing the overall energy efficiency and sustainability of
industrial operations. Through an analysis of empirical data collected from the operation of batch
centrifugal machines, this study quantifies the magnitude of waste heat generation across different operating
conditions. By examining power and current values obtained from the tables, the study identifies
opportunities for energy recovery and optimization. Leveraging innovative techniques, the research
demonstrates how proactive waste heat management can enhance energy efficiency and sustainability in
industrial operations. The findings underscore the importance of integrated approaches to waste heat
management, emphasizing its role in reducing environmental impact and improving overall operational

performance.
Keywords: Waste energy recovery, Batch centrifugal machine, Energy efficiency, Environmental impact,

Industrial practices, Power and current values.

1.Introduction

Waste heat recovery is an essential aspect of
enhancing energy efficiency in industrial
processes. With the increasing demand for
sustainable and eco-friendly solutions, industries
are exploring various methods to reclaim and reuse
waste heat generated during operations. This study
focuses on the potential of waste heat recovery in
batch centrifugal machines, which are widely used
in various manufacturing sectors for processes
such as drying, separation, and crystallization. By
analyzing the efficiency and feasibility of
capturing waste heat from these machines, this
research aims to contribute to the development of
more energy-efficient and environmentally
friendly industrial practices.

The global imperative for sustainability and
resource conservation has sparked heightened the
waste energy recovery, specifically examining a
case study involving a batch centrifugal machine.
The introduction sets the stage for understanding
the realms [1-3]. This study focuses on waste
energy across various sectors, especially within
industrial scope, importance, and significance of
interest in energy efficiency and waste reduction

research project. The 21 century has underscored
the necessity for sustainable practices across
industries [4-5]. While energy fuels modern
manufacturing and economic growth,
inefficiencies in energy usage result in waste,
higher  operational  costs, and adverse
environmental impacts [6-7].

The industrial sector, a significant energy
consumer, faces particular scrutiny due to its
reliance on complex machinery, notably in sectors
like food processing, chemicals, and sugar
production [8-9]. Waste energy, often referred to
as surplus or unused energy; represent a significant
untapped resource across various sectors [10]. In
the context of industrial processes, waste energy is
generated when energy inputs exceed the
requirements of a particular task. The potential for
waste energy recovery lies in capturing this surplus
energy and re-purposing it for other applications,
thus enhancing overall energy efficiency [11].

Waste energy recovery offers a solution by
identifying opportunities to reclaim and repurpose
otherwise lost energy [12-14]. One of the key
strategies for waste energy recovery in industrial
settings is the utilization of waste heat recovery

doi: 10.14456/rmutlengj.2025.2
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Figure 1 Battery of centrifugal Machine

technologies [13]. These technologies are
designed to capture heat energy produced as a
byproduct of various processes and convert it into
usable energy forms, such as electricity or steam.
Common waste heat recovery technologies include
Organic Rankine Cycle (ORC) systems,
thermoelectric generators, and heat exchangers
[13, 15].

Batch centrifugal machine refers to a type of
equipment used for separating materials or fluids
based on density or particle size by rotating them
in a cylindrical container [16].These machines are
commonly used in various industries such as
pharmaceuticals, food processing, and chemical
manufacturing. The waste heat generated by a
batch centrifugal machine can be managed
efficiently, possibly through innovative techniques
or practices, using a real-world case study as a
basis for discussion and analysis [17]. Batch
centrifugal machines are pivotal in various
industries, facilitating the separation and
processing of solid-liquid mixtures, as seen in
sugar processing and pharmaceuticals [12, 18-19].
These machines operate by swiftly rotating
materials within a drum, segregating denser
substances towards the drum’s periphery while
retaining lighter components at the center [2, 16,
20]

The operation of batch centrifugal machines
requires a substantial amount of energy, primarily
in the form of electricity. The energy consumption
of these machines is influenced by several factors,
including the rotational speed, the duration of
operation, and the physical properties of the
materials being processed [21]. The mechanical
components of the machine, such as the motor and
bearings, also contribute to energy usage. Energy
consumption in batch centrifugal machines can be
categorized into two main components: energy used

in maintaining the rotational speed and energy
expended in the separation process. It is essential to
distinguish between these components as they
represent different opportunities for waste energy
recovery [22]. Several studies have explored waste
energy recovery in manufacturing and industrial
processes. Researches has shown that industrial
settings are particularly amenable to the
implementation of waste energy recovery strategies
due to the large quantities of energy involved in
their operations [11, 23]. These studies focused on
diverse industries, including steel manufacturing,
chemicals, and cement production, highlighting the
potential for cost savings and environmental
benefits.

Waste energy recovery promises immediate
economic benefits by enhancing manufacturing
cost-effectiveness  through  reduced energy
consumption and operational expenses [23-25].
Beyond economic advantages, waste energy
recovery aligns with environmental sustainability
goals by curbing carbon emissions and promoting
cleaner industrial practices [26-27]. The pursuit of
waste energy recovery stimulates technological
innovation, fostering the development and adoption
of energy-efficient technologies within industrial
settings [28-30].

This present study aims at addressing energy
consumption challenges associated with batch
centrifugal machines through two primary
objectives: The study seeks to quantify the energy
consumption patterns of batch centrifugal
machines, providing insights into their energy
demands during operation. Additionally, the
research aims at pinpoint areas of energy
inefficiency inherent in batch centrifugal machine
processes, including excess energy utilization and
instances of energy .
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2.Methodology
2.1 Research Approach

The objective of this study is to address the
issue of energy inefficiency in batch centrifugal
machines by exploring the potential for waste heat
recovery. This study adopts a mixed-methods
research approach, integrating both quantitative
and qualitative methodologies. This combination
allows for a comprehensive evaluation of energy
consumption patterns and a thorough exploration
of factors contributing to energy wastage in the
batch centrifugal machine under investigation.
2.2 Data Collection

To assess energy consumption, primary data
collection involves the installation of energy
meters on the batch centrifugal machine. These
meters capture real-time data on energy
consumption, including voltage, current, and
power usage during machine operation. Data was
collected over an extended period to account for
variations in energy consumption due to
operational factors such as batch size and
processing speed.

2.3 Data Collection Methodology

The  comprehensive  data  collection
methodology spanned six months to ensure a
representative sample of machine operation.
Continuous data collection captured variations in
operational parameters, energy consumption, and
waste heat generation. Meticulous instrumentation
involved strategic placement of temperature
sensors and installation of sophisticated energy
meters and data loggers. Preliminary screening
identified anomalies before statistical analysis
identified trends, patterns, and correlations in the
datasets.

Capacity of the electric motor used is a 3-
phase electric motor. It is a variable speed electric
motor with a capacity of 185kw.

The power of the rotating speed while on
operation is calculated as follows:

P:IV cos © \/3 (1)

Where,
P = power of the rotating speed
| = current (amperes)
V = Voltage (volts)
Cos © = Power factor (0.85)
The voltage while on operation is constant, with a

value of 415volts.
To calculate for the current:

[=—0

V3cos © (2)

During the centrifugal machine’s operation,
it undergoes four distinct speed stages: Low
speed, medium speed, maximum spin speed and
very low speed.

Initially, the centrifuge accelerates to a low
speed, where the butterfly feed control valve and
a flap valve open, enabling product flow down a
feeding chute onto a flinger disc connected to the
spindle. This action propels the product onto the
inner wall of the basket, where it forms a
uniform layer under centrifugal force. Liquor
begins to flow out through the filtering screens
and basket perforations, collected in the outer
casing and discharged via pipe work beneath the
machine. The Product thickness inside the
basket increases until the feed detector triggers,
and prompting the closure of the feed control
valve. Water is sprayed inside the feed chute,
followed by closure of the flap valve to prevent
residual dark product from dripping onto the
contents of the basket. The feeding rate depends
on the degree to which the feed valve opens,
which can be controlled manually or
automatically.

After completing feeding, the centrifuge
accelerates to a medium speed hold point,
awaiting operator or sequence permission to
proceed. Subsequently, it accelerates to its
maximum spin speed. During this phase, liquor
continues to purge from the product cake, and
water and steam may be applied to remove any
remaining mother liquor from the crystals.
Runoff liquor purity increases, and a
classification valve system may direct this liquor
down a separate discharge pipe. The centrifuge
pauses at spin speed for a preset time to achieve
the desired level of crystal cake drying.

Upon completing spinning, the centrifuge
decelerates to a very low speed. A discharge
valve plate beneath the basket opens, and a
plough blade cuts into the cake’s top, slowly
moving down the basket screens to discharge
dried crystals through the basket bottom and
down a chute onto a conveyor beneath the
casing. The plough blade returns to its original
position, the discharge valve closes, and the
machine accelerates to feed speed to commence
another cycle. During acceleration, the filtering
screens may be sprayed with a small amount of
water to prevent crystal clogging.
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2.4 Data Analysis

Quantitative data collected through energy
meters undergo analysis using SPSS version 21
and Microsoft Excel. Descriptive statistics was
used to summarize energy consumption patterns,
including mean usage, peak usage, and temporal
variations, providing a quantitative overview of
energy consumption characteristics.

The waste heat recovery discusses
strategies and methods for effectively managing
waste heat
generated by a batch centrifugal machine. This
indicates the focus of the study on finding ways
to optimize the handling of waste heat. This
involves techniques to reduce heat loss, improve
energy efficiency, or repurpose waste heat for
other useful purposes.

The data collected were analysed
statistically. The data were gotten in the
operation of one cycle. The normal spinning
time for one cycle is between 25-40 seconds.

This is dependent on the brix level of the
massecuite’s.

3.Result and Discussion

Table 1 presents a comparison of power
consumption relative to current across different
speed settings of the centrifugal machine. The
table offers wvaluable insights into the
relationship between power consumption and
current across different speed settings of the
centrifugal machine, which can inform decisions
regarding energy efficiency, optimization, and
operational performance of the equipment.

Table 1 shows the consistency and
variation: across different speed settings, there's
noticeable consistency in power-to-current
ratios. For example, at the maximum spin speed
setting, the power-to-current ratio remains
constant at 185/300 across all entries. By
comparing ratios within each column,
fluctuations or trends was observed in power
consumption relative to current at different
speed settings. For instance, there might be
variations in efficiency or energy consumption
efficiency between different speed settings. This
energy consumption represents a significant
portion of the operational costs for sugar mills
[21].

Table 1 reveals lower power-to-current
ratios may suggest higher efficiency, indicating
that the machine is utilizing less power for a
given current, which could be desirable from an
energy-saving perspective. The study further
shows that there is repeatability or consistency
in power consumption for similar current inputs
such as 42/80" and 45/80 in the low-speed. High
energy consumption contributes to increased
carbon emissions, underscoring the need for
more sustainable practices [31]. Waste energy
recovery in batch centrifugal machines aligns
with sustainability goals by reducing the
environmental footprint of sugar processing
[23].

Table 2 provides a detailed comparison of
different modes of rotation based on the time taken
for specific operations at various speeds, offering
insights into the efficiency and suitability of each
mode for different tasks.

Table 1. Reading of the Power required for the rotational speed of the centrifugal machine during separation

operation.

SN Low Speed Medium Speed g/lp Z);ldmum Spin Very Low Slow
Power current Power current Power  current Power/ current

1 40 80 90 150 185 300 40 60

2 42 80 87 160 185 300 43 /65

3 45 80 88 150 185 300 45 68

4 50 78 85 150 185 300 45 65

5 45 80 87 150 185 300 50 70

6 42 80 87 160 185 300 43 65

7 42 80 87 160 185 300 43 65

8 40 80 90 150 185 300 40 60

9 45 80 87 150 185 300 50 70

10 50 78 85 150 185 300 45 65
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Table 2 Reading of the rotational speed of the centrifugal machine during separation operation.

SIN Low Speed Medium Speed g/lpaeél(;num spin Very Low Speed
Speed Time  Speed Time Speed Time  Speed Time
1 450 279 450 10.0 1000 400 450 24.3
2 450 28.2 450 8.0 1000 400 450 24.3
3 450 28.1 450 7.98 1000 39.5 450 23.9
4 450 29.0 450 7.90 1000 39.8 450 23.4
5 450 28.0 450 8.0 1000 400 450 24.3
6 450 29.1 450 7.98 1000 39.7 430 23.4
7 450 29.0 450 7.92 1000 400 450 24.2
8 450 28.1 450 7.97 1000 400 450 24.0
9 450 28.3 450 9.90 1000 400 450 24.3
10 450 279 450 10.0 1000 400 450 24.3

Table 3. Calculation of the average energy (ten cycles) used in maintaining the rotational speed of a

Centrifugal machine during separation operation.

Power Speed Current Time Voltage
S/N  Mode of rotation (KW) (RPM) (AMP) (sec) (Volt)
1 Low Speed 44.1 450 79.8 25.57 415
2 Medium Speed 87.3 450 152 8.51 415
3 Maximum Spin Speed 185 1000 3000 39.9 415
4 Very Low Speed 44.4 450 65.6 23.94 415
The study shows the consistency in different trials, indicating stable performance

speed/time ratios across different trials for each
mode of rotation, relatively consistent speed/time
ratios was observed. For instance, in the low speed
mode, the speed varies around 450 RPM, and the
time taken ranges from approximately 27.9 to 29.1
seconds.

The comparison across modes was that low
speed operation was consistently taken around 28
seconds and medium speed operation is faster,
consistently taking around 8 seconds. Maximum
spin speed was consistently takes 40 seconds,
indicating a longer but consistent duration, while
very low speed shows similar with consistent
operation takes around 24 seconds.

The study observed that maximum spin speed
mode consistently takes the longest time,
indicating that it might be optimized for thorough
or heavy-duty operations while the medium speed
mode consistently takes the shortest time, possibly
indicating a mode optimized for faster but less
thorough operations. The low speed and very low
speed modes have similar time duration, but very
low speed might indicate an even slower setting
suitable for delicate operations. The speed remains
relatively consistent within each mode across

within each setting.

Table 3 provides a comparison of different
modes of rotation based on power consumption,
speed, current draw, duration, and operating
voltage. The maximum spin speed mode was
designed for heavy-duty operations, consuming
the most power and drawing the highest current,
while the medium speed mode is more energy-
efficient but operates for shorter duration.

From the table 3, the machine is changing
phase from slow speed to medium speed; it is
observed that all the parameters from power to
time are accelerating. The maximum spin speed
mode consumes the highest power at 185kw,
followed by medium speed" at 87.3kw. Low speed
and very low speed modes consume relatively
lower power. Similarly, maximum spin speed
naturally has the highest RPM at 1000, while the
other modes maintain a consistent 450 RPM while
the maximum spin speed again stands out with the
highest current draw at 3000 AMPs. Medium
speed has the second-highest current draw at
152AMPs.
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Figure 2. A graph of power against Speed

The medium speed has the shortest duration
of operation at 8.51 seconds, while "Maximum
Spin Speed" has the longest at 39.9 seconds and
all the modes operate at the same voltage of 415
Volts. Waste energy recovery in batch centrifugal
machines can be applied to similar machinery in
different sectors, enhancing the broader
understanding of energy-efficient manufacturing
practices [32].

The figure 2 illustrates the energy
consumption trends of the batch centrifugal
machine across multiple operational runs. The x-
axis denotes speed (rpm), while the y-axis
represents energy consumption (kWh). Each line
corresponds to a distinct operational run (labeled
1to 4). The graph reveals a noticeable upward
trajectory in energy consumption with increasing
operational speed and duration. Particularly
noteworthy is Run 3, characterized by the longest
duration and highest speed, which exhibits the
highest energy consumption. This preliminary
visual representation serves as a reference for
comprehending the variations in energy
consumption during different operational runs.
Analysis of the collected data unveiled distinct
energy consumption patterns for each run,
mirroring the observed upward trend in energy
consumption over time. Longer operational
duration  correspond to  higher  energy
consumption, reaffirming the intuitive correlation
between operational duration and energy usage.

4. Conclusion

This study has shed light on the substantial
potential for waste heat recovery in batch Through
centrifugal machines within industrial processes.
comprehensive analysis, we have identified the
significant energy consumption and waste heat

generation associated with these machines,
highlighting the urgency for implementing
effective recovery strategies.

Our investigation into various waste heat recovery
methods has demonstrated their feasibility and
efficiency, providing valuable insights into practical
approaches for reclaiming and reusing heat energy.
Moreover, the assessment of potential energy savings
and environmental benefits has underscored the
importance of integrating waste heat recovery systems
into batch centrifugal processes. By providing practical
recommendations for industries to optimize their
energy use through waste heat recovery, this study
offers tangible solutions for enhancing both energy
efficiency and sustainability. It is evident that the
implementation of waste heat recovery technologies
holds immense promise in mitigating energy wastage
and reducing environmental impact. The findings of
this study emphasize the crucial role of waste heat
recovery in driving towards a more sustainable future
for industrial operations involving batch centrifugal
machines.

Based on the findings of this study, the
following recommendations are proposed to
optimize energy efficiency and promote
sustainability in industrial processes involving
batch centrifugal machines: prioritize the
installation of waste heat recovery systems such as
heat exchangers and thermal storage systems;
invest in energy-efficient equipment with built-in
waste heat recovery mechanisms; optimize
operating parameters like temperature, pressure,
and cycle times; provide training programs
to raise awareness among operators and
maintenance staff about waste heat recovery
and energy conservation; collaborate with
energy management consultants, researchers,
and technology providers to explore innovative
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establish monitoring systems to track energy
consumption, waste heat recovery rates, and
process efficiency; and engage in industry
partnerships and collaborative research projects to
share knowledge and best practices. By
implementing these recommendations, industries
can maximize the potential of waste heat recovery
in batch centrifugal processes, contributing to
enhanced energy efficiency, cost savings, and
environmental stewardship.
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Abstract

Delays at U-turns and signalized intersections often occur due to insufficient right turns and U-turn pockets.
Itis significant to assess and determine the lengths of the pocket lane for right turns and U-turns to improve
vehicle efficiency in the area. The right-turn and U-turn pocket designs are based on a binomial distribution
and comply with the standards of the DOH of Thailand. Research demonstrates that the flow becomes
congested and optimized of right-turn and U-turn pockets, which vary with the volume of turning vehicles.
Once the lane does not lack the capacity of a pocket lane, the flow rate of vehicles in both directions
decreases, but the flow for right turns and U-turns increases. Therefore, determining the appropriate turn
pocket can boost the flow rate and reduce travel delays in those areas.

Keywords: Binomial distribution, Right turn pocket, U-turn pocket and Queue.

1. Introduction

Designing sufficient routes and traffic lanes for
highway movement needs, which ensures safety,
convenience, and reduced travel time, can help
alleviate traffic congestion and potential highway
accidents. Certain areas of arterial roads often
encounter deficiencies due to wvarious causes,
especially in U-turn areas and intersections without
traffic signals. These locations, where the traffic
volume requiring right turns or U-turns is high, tend
to create bottlenecks in the traffic flow. This issue
arises when the number of vehicles waiting to turn
exceeds the capacity of the pocket lane. Hence, the
appropriate length of the turning lane impacts the
traffic conditions in the same and opposite
directions. Studying the physical factors affecting
the saturation flow rate in U-turn areas, accessible
from interference from opposing traffic, shows the
highest values when traffic officers control the
movement [1]. Many provinces in Thailand
experience high traffic volumes and several
problematic U-turn areas. Therefore, evaluating and
proposing solutions and designing turning lanes in
these areas is crucial. This research applies binomial

distribution to analyze and predict the opportunity of
events where the number of vehicles waiting to turn
exceeds the pocket lane capacity, obstructing the
main traffic flow. The objective is to determine the
appropriate length of the right-turn lane for the
specific traffic volume. The study references the U-
turn standards the Department of Highways (DOH)
set in Thailand. Field surveys and data collection
include physical characteristics, peak-hour traffic
volumes, and saturation flow in U-turn areas and
signalized intersections. The study focuses on case
study areas on significant roads in Chiang Mai
province, Thailand, selecting three U-turn areas and
three signalized intersections. These areas were
chosen and analyzed based on projected increases in
future traffic volumes. The results of this study serve
as guidelines for designing and improving solutions
to address high-traffic density issues in certain areas.

2. Materials and Methods
2.1 Traffic
Traffic consists of three main components [2].
Road Users: This is the most important aspect
of traffic, encompassing drivers, passengers, and

doi: 10.14456/rmutlengj.2025.3
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pedestrians. Their road usage behavior varies
according to different factors.

Vehicles: Key characteristics for design
include size, type, and power. The design often
considers the most significant vehicles that
frequently use the road or have specific features.

Road: Safety principles and design rely on data
from surveys and statistics. Important data include
traffic information, physical characteristics, and
socio-economic factors.

2.2 Saturation flow

The measurement of the performance or
capacity of an intersection or a specific direction of
movement is a systematic process. It is the highest
stable traffic volume passing through a designated
reference line [2]. Data collection, which requires
at least eight vehicles in the queue and a minimum
of 15 cycles, is carried out with a systematic
approach to ensure the reliability of the results. The
measurement of saturation flow begins when the
front wheel or reference part of the fourth vehicle
in the queue passes the designated reference line
and continues until the front wheel or reference part
of the last vehicle passes the designated reference
line during the effective period. The value can be
calculated using Equation (1).

g 3:600
H
Where: S = Saturation flow rate (veh/hr)
Hs = Average headway during saturation
flow (Seconds)

2.3 Median

A median is used on roads with four or more
lanes to separate traffic directions, especially in
urban areas [3]. It serves various purposes, such as
providing space for turning lanes, U-turn exits at
intersections, or deceleration lanes before entering
straight paths. Medians also offer waiting areas for
pedestrians, space for installing safety equipment,
and underground utilities, and can act as a base
for elevated roads or pedestrian overpasses.
Additionally, they reserve space for future lane
expansions. There are four types of medians: Flush
and Painted medians, Raised medians, Depressed
medians, and Barrier medians.
2.4 U-turn area standards

U-turn areas are a crucial component of the
road systm. The standards set by the relevant

)

highway authorities in Thailand are based on the
standard drawing for highway design and
construction 2015 revision (Edition 2018) [4].
These standards, which include a minimum
requirement for deceleration, vehicle storage, and U-
turn opening of 70, 100, and 24 meters, respectively.
2.5 Binomial distribution

The binomial distribution is a probability
distribution of random, denoted by X, the number
of successes in a sequence of n (> 1) independent
trials of an experiment, and assumes that each trial
results in a success or a failure with respective
probabilities p (0 <p < 1) and q = 1—p. The random
variable X is said to have the binomial distribution
with parameters n and p, denoted by B (n, p). The
variable P is probability of X. The probability mass
function f(x) of X is given by equation (2) [5].

f(x)=P(X= x):(ijpxq”'x, x=0,12,..n, (2)

n 1
Where S LR for 0<x <n and O otherwise.
x) xi(n—x)!

Consider a scenario in which a set contains 100
jobs, comprising 80 high-quality jobs and 20
defective jobs. When selecting a sample, there exists
a probability of drawing both high-quality and
defective jobs. Additionally, there is a possibility of
selecting only high-quality jobs or only defective
jobs, depending on the sampling process from 1 to n.
2.6 Related research

Use the Markov process to analyze the lane-
changing behavior of vehicles approaching U-turns and
median openings. It presents field data on vehicular
distribution, probabilities of lane changing, and the
application of probability matrices to predict lane-
changing patterns. The study finds that lane-changing
behavior varies with U-turn volumes and traffic
conditions, with the Markov process accurately
predicting these behaviors compared to field
observations [6]. Studying the U-turn area and
intersections has resulted in a probabilistic modeling
approach to estimate the capacity of signalized
intersections with short right-turn lanes. Factors such as
the number of vehicles in the right-turn lane, the
proportion of through vehicles, and the average number
of vehicles in the lane are considered in the model. The
capacity calculations are based on discharge rates of
queuesin different lane sections. The study validates
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the model using traffic simulation and highlights
the benefits of short right-turn lanes in enhancing
intersection capacity compared to shared
through/right lanes [7]. The study evaluated traffic
simulation models' accuracy and time cost  for
estimating left-turn  queue storage lengths at
intersections. SimTraffic was identified as the most
accurate model for left-turn queue length estimation,
while VISSIM was not recommended dueto  lower
accuracy  and longer  simulation time.
Recommendations were made to use SimTraffic for
accurate estimates and to avoid VISSIM for this
purpose. A simulation-based method was developed for
left-turn deceleration length estimation, aligning with
TxDOT guidelines. The study aimed to provide a
procedure for estimating the total design length of left-
turn lanes based on peak and off-peak traffic conditions
[8]. The study analyzed traffic dynamics at a U-turn
section on an urban arterial road during morning and
evening peak hours. It found that traffic capacity and
speed decreased during breakdown events, with
morning peak observations experiencing a more
significant drop than evening peak observations. The
study suggested adding a 50m pocket lane as a potential
solution to improve traffic flow, with simulation models
showing promising results in reducing delays and
increasing speed [9].

Thailand has a study on U-turn traffic in the right
lane at traffic light intersections. Using the equivalent
value of a personal car, analyze the position of the
waiting line that affects the average departure time of
the vehicles. The relationship between the ratio of turns
and the average departure time The time away from the
vehicle is saturated from starting at the intersection,
and the equivalent value is that a private car turns right
[10]. Factors affecting U-turn  behavior: There is
a non-signalized area when waiting for the U-turn area.
It was found that the size of the gap between the vehicle
on the main road and the position of the oncoming lane
affected the driving style, but the waiting time did not
affect the U-turn [11]. The flow is saturated in the
reversing area with different physical characteristics,
which is the most free from interference from the
opposing vehicle when there is a controlling officer [1].
Research discusses assessing road safety at U-turn
locations on highways in Thailand. Various conflicts,
severity indicators, and safety measures were analyzed
to understand and improve road safety. The studies

emphasized the importance of consistent design
characteristics of road infrastructure and the use of
objective methods for measuring conflict severity to
enhance safety at U-turn locations [12].

Various studies and reports on road safety and
traffic accidents in Sub-Saharan Africa reveal several
essential factors. These include road usage behavior, the
positioning and use of child restraints, statistical
modeling of traffic accidents, regional economic
conditions, the impact of post-crash care on road
mortality, and the effects of road speed and curvature
on traffic casualties. The studies delve into the influence
of factors such as GDP per capita, demographic
variables, safe driving behavior, health infrastructure,
and road network size on traffic fatalities in Sub-
Saharan African countries from 2001 to 2010. The
recommendations stemming from these findings
include enhancing the enforcement of seat belt laws,
introducing random breath testing, improving access to
medical care, and launching road safety campaigns to
curb road accidents in the region [13]. Various
advanced statistical models are used to predict traffic
crash severity and vehicle damage at intersections and
highway locations. Researchers compared the
Multivariate Poisson-Lognormal model and the Joint
Negative Binomial- Generalized Ordered Probit
Fractional Split model to improve crash prediction
accuracy. A result is that considering correlations
among crash severity levels and using vehicle damage
as an alternative to injury severity can enhance the
reliability of crash prediction models [14]. Conducted
in Tainan, Taiwan, urban areas, focused on analyzing
pedestrian-vehicle collision incidents using binomial
distribution models. Factors such as land use, traffic
conditions, and pedestrian-vehicle interactions were
considered in the analysis. The results highlighted the
impact of variables like road infrastructure, retail
activities, and commercial activities on the frequency of
pedestrian-vehicle encounters, with arterial roads
posing higher risks despite having fewer incidents [15].
2.7 Research Methods
This study gathered physical data on the saturation
flow of right-turn pocket lanes at U-turn and
signalized intersection locations and vehicle
volumes during peak hours. Binomial distribution
was utilized to forecast instances where the number
of vehicles in the queue exceeded the capacity of the
right-turn pocket lane, leading to obstruction of the
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Figure 1 Data collection of physical characteristics of the right turn and U-turn area

main traffic flow. The selection criteria for data
collection areas included U-turn points and
signalized intersections with vehicle volumes that
surpassed the capacity of the right-turn waiting lane.
The study obtained data from three U-turn points
and three signalized intersections, totaling six areas.
The physical characteristics data are presented in
Figure 1. Saturation flow and traffic volume data
Were collected during peak traffic periods: 6 hours
daily, from 7:00 am to 10:00 am and 3:00 pm to
6:00 pm on regular working days.

The measurement of saturation flow starts
when a vehicle begins moving from the U-turn
area to the designated reference line. Data collection
requires at least eight vehicles in the queue for one
survey cycle. The reference line is shown in Figure
1. During each cycle, the number of vehicles
exceeding the capacity of the right-turn pocket lane
is counted. Motorcycles are not considered due to
their unpredictable movement and minimal impact
on the length of the waiting lane.

2.8 Application of Binomial distribution

The analysis of U-turn areas and signalized
intersections, applying binomial distribution, is a
comprehensive approach to predicting traffic
conditions and determining the appropriate length
of right-turn and U-turn pocket lanes. We
calculated the volume of vehicles making U-turns
as a percentage of the total vehicle volume passing
through the surveyed area, and recorded the
maximum number of vehicles in the queue. If the
probability of the event occurring exceeded 5%,
the length of the right-turn and U-turn pocket lanes
should be increased. The probability of VEPOM
- the vehicles exceeding the capacity of the turning
lane and obstructing the traffic flow in the through
lane is X in equation (2)- was -calculated,
considering the volume of vehicles in the queue
and the proportion of vehicles needing to turn right

or make U-turns. The analysis aimed to match the
cumulative percentage as closely as possible to the
most significant considered percentage without
exceeding it, ensuring a thorough understanding of
the traffic conditions. The results, presented in
charts and tables, are comprehensive guidelines for
designing the length of future right-turn and U-turn
waiting lanes. Data analysis used current and
future vehicle volumes to estimate OVEPOM- the
opportunity for vehicles to exceed the capacity of
the turning lane (distance C in Figure 1),
obstructing the traffic flow in the through lane-.
The results were compared with the Department of
Highways (DOH) standards in Thailand to ensure
consistency with local traffic volumes. To
determine the length of a pocket lane using the
binomial distribution, follow these general steps:

1. Define the Variables:

n = Maximum number of vehicles in the
gueue (based on survey data).

p = Proportion of vehicles turning right or
making U-turns.

Capacity = Maximum number of vehicles
that can fit in the waiting lane.

2. Calculate the expected overflow: Use the
binomial distribution formula to estimate the
probability of overflow. The binomial distribution
is defined as equation (2).

Where: X = Number of vehicles exceeding the
pocket lane capacity.
x = Number of vehicles exceeding the
capacity.
(nj = Binomial coefficient.
X

3. Determine the probability of overflow: To
find the probability that the number of vehicles
exceeds the pocket lane capacity, sum the
probabilities of having x vehicles exceeding the
capacity for different values of x, equation (3).
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P(X > Capacity) = Zn: P(X=x) 3)
x=Capacity
4. Calculate the length of the waiting lane:
Adjust the length of the pocket lane to ensure that
the probability of exceeding its capacity is within
an acceptable range (e.g., less than 5%).
Use the following approach:

e Estimate the required length based on the
proportion p and the maximum number n.

o Ensure that the length can accommodate the
maximum number of vehicles expected to
queue.

Example calculation, assume:

o Maximum number of vehicles in the queue
(n) = 10 vehicles

e Proportion of vehicles turning right or making
U-turns (p) = 0.10

o Desired capacity of pocket lane = 3 vehicles

— Calculate the probability of having more

than 3 vehicles in the queue, equation (4).

10

P(X>3)= z(lfj(o.lo)* (0.90)"™ (4)

x=3
— Adjust the length of the pocket lane so that
this probability is less than or equal to 5%.
This approach allows you to estimate the length
required for the pocket lane to handle the expected
vehicle volumes and ensure effective traffic flow.

3. Results and Discussion

This section presents the survey results from
case study areas, consisting of three straight U-turn
areas and three signalized intersections. The aim
was to determine the saturation flow rates, the
volume of vehicles making U-turns or right turns,
and the total volume of vehicles through the survey
areas from a maximum of one direction. The data
was used to evaluate the appropriate length of
pocket lanes. The binomial distribution was
applied to estimate the OVEPOM of the right-turn
or U-turn pocket lanes. The study also considered
various proportions of turning traffic compared to
the total traffic volume through the survey areas.
3.1 Physical characteristics

The location areas of the physical
characteristics and traffic surveys for U-turn points
and signalized intersections are as follows:

U-Turn Area 1: On Chiang Mai-Doi Saket
Road (outbound), Mueang District, Chiang Mai (at
coordinate 18°48'22.1"N, 99°01'18.2"E).

U-Turn Area 2: No Chiang Mai-Doi Saket
Road (inbound), Mueang District, Chiang Mai (at
coordinate 18°4822.1"N, 99°01'18.2"E).

U-Turn Area 3: On Mahidol Road, Mueang
District, Chiang Mai (at coordinate 18°46'19.0" N,
98°58'10.9"E).

Signalized Intersection 1: On Chiang Mai-Doi
Saket Road, San Sai District, Chiang Mai (at
coordinate 18°48'40.2"N, 99°01'42.7"E).

Signalized Intersection 2: On Chiang Mai-
Hang Dong Road, Hang Dong District, Chiang
Mai (at coordinate 18°45'34.8"N, 98°58'15.6"E).

Signalized Intersection 3: On Chotana Road,
Mueang District, Chiang Mai (at coordinate
18°49'03.3"N, 98°58'55.1"E).

The results of the survey collecting data on the
physical characteristics of the U-turn or right-turn
areas at U-turn points and signalized intersections,
which are used as the research area for this study,
are presented in Table 1.

Table 1 Physical characteristics of the U-turn area
and signalized intersection.

Signalized
intersections
1 2 3 1 2 3
) 42 40 36 25 36 30
) 1.0 09 05 11 10 1.0
)
)

) . U-tarns
Physical characteristics

Medium size, m

80 68 32 80 32 58
44 58 24 24 58 44
) 35 35 35 35 35 35
(F) 35 35 35 35 35 35
Openingsize,m (G) 38 38 - 40 32 32
Number of lane in one
direction, lanes

Remark: The U-turn 3 area does not have an opening
because the U-turn area has one side. There is
no U-turn area on the other side.

(A
B
(C
Turning area size, m ©
(E

4 4 2 4 3 3

In table 1, length C has a maximum value of 80
meters. When comparing the pocket length with the
DOH standard value, it was found that all U-turn
points, straight and intersection U-turns, had a
length less than the DOH standard, which
recommends that the pocket length should not be
less than 100 meters [4]. This discrepancy could
potentially disrupt the smooth flow of traffic.
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3.2 Traffic data

The maximum number of vehicles, the traffic
data on the straight and turning right or U-turning,
the maximum number of vehicles in the queue on
the pocket lane, and the number of VEPOM are
shown in Table 2.

Table 2 Traffic volume in U-turn areas and
Signalized intersections.

Signalized
intersections
1 2 3 1 2 3
Mid-Block | 3,628 3,808 2,340 2,216 2,340 1,316
U-turnand | 348 412 444 232 208 432
turn right
Total [3976 4,220 2,784 2,448 2548 1,748
Percentage of vehicles that | 9.59 9.77 1559 9.48 8.17 24.72
U-turn or turn right, %

Traffic information in one U-tarns
direction

The maximum
traffic volume,
veh/hr

Maximum vehicle in queue, | 11 10 8 11 8 11
veh

VEPOM, veh 1 4 4 2 2 5

In the survey, Table 2 illustrates that the
proportion of vehicles turning right or making U-
turns is approximately 10% for U-turn areas 1 and
2. In comparison, U-turn area 3 has a proportion of
around 16%. In all of the signalized intersection
surveys, the proportion of vehicles turning right or
making U-turns is approximately 8-10% for
intersections 1 and 2, while intersection 3 has a
proportion of about 25%. Part of VEPOM has
several vehicles for 1-5 vehicles. The saturation
flow rate is the maximum traffic volume that can
pass a reference line during the effective period, as
shown in Table 3.

Table 3 Saturated flow rate at the turning area and
intersection.

Signalized
intersections
1 2 3 1 2 3

. U-tarns
Information

there are notable differences in the saturation flow
rates between U-turn areas and intersections. Table
3 illustrates the average time headway of vehicles
at U-turn points to be 3.88 seconds and at
intersections with traffic signals to be 2.18
seconds, with the corresponding saturation flow
rates of 928 veh/hr and 1,652 veh/hr, respectively.
The intersection with traffic signals boasts a
saturation flow rate 56.17% higher than the U-turn
point. Despite Table 3. showing that the
proportions of right-turning and U-turning
vehicles are similar in both areas, this may be due
to the precise control of movements at
intersections, which results in a higher flow rate in
this direction compared to U-turn points.
However, it's important to note that at U-turn
points, where vehicles must rely on safe gaps to
make a right turn or U-turn, the flow rate varies
significantly according to the driving behavior of
each driver, highlighting the need for more
comprehensive traffic management strategies.

3.3 Application of binomial distribution to
evaluate  U-turn areas and signalized
intersections.

To determine the appropriate length of the
waiting lane, the percentage of U-turn vehicles and
the maximum number of vehicles in the queue are
considered. Table 2, used where "n" represents the
maximum number of vehicles in the queue. The
results of the analysis are shown in Table. 4. The
cumulative percentage probability of wvehicles
determines the number of VEPOM. The
calculation stops if this value is greater than or
equal to 95%.

Table 4 Application of binomial distribution to
U-turn areas and signalized intersections.

Average time 374 384 406 214 223 217

headway, Seconds

Saturated flow
rate, veh/hr

The survey of traffic data revealed that
right-turning  vehicles at intersections
experience shorter waiting times than those in
U-turn areas. The differences in physical
characteristics and the number of traffic lanes
have a significant impact on vehicle movement
in the sample areas. The time gap between
vehicles in the three U-turn areas is similar, but

963 938 887 1683 1615 1,659

Percentage of OVEPOM, (%)

unsignalized
VI\IIEIIJ;TC])bI\e/Ir, (\)/];h J-tarns inte ?sectio ns

1 2 3 1 2 3

0 3 37 25 33 b1 4

1 38 39 38 39 36 16

2 20 18 25 20 1 26

3 6 5 10 6 - 26

4 - - - - - 17

5 - - - - - 8

SUM 97 9 98 98 98 97
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When analyzing the overflow of vehicles using
a binomial distribution to assess VEPOM, according
to Table 4, all U-tarn areas and unsignalized
intersection 1 had excess vehicle counts of 3
vehicles. Then, at unsignalized intersections 2 and 3,
the excess vehicle counts were found to be 3 to 5
vehicles, respectively. These values are close to the
survey data with a confidence level of 95%.

3.4 Finding the length of the waiting compartment by
Binomial distribution.

Using the binomial distribution, various
parameters are defined to illustrate vehicle trends
under different scenarios and facilitate practical
application. From the survey data of U-turns and
intersection areas, the proportion of vehicles making
U-turns or turning ranges from 8.17% - 24.72%.
Therefore, the selected proportions of vehicles
making U-turns or turning right “p” that might
exceed the pocket lane capacity range from 5% -
40%, with increments of 5%. The maximum number
of vehicles in the queue observed is 11. Thus, “n”
values are chosen from 3 to 15 vehicles to account
for potential increases in the future. Proportions “P”
from 2% - 20% are used with increments of 2% to
examine the trends in changes in the number of
VEPOM in each scenario, as shown in Figure 2 - 11.
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The study defines the total length of vehicles

and the minimum distance between the front and
rear bumpers of vehicles that make a U-turn or
right turn, averaging 6 meters. Figures 2-11
represent the required length of the pocket lane,
determined solely by the number of vehicles
exceeding the pocket lane's capacity.

The length of the pocket lane should be increased
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Figure 2-11 illustrate the relationship between
the VEPOM (on the left side of the chart) and the
varying proportions of right-turning or U-turning
vehicles compared to the total number of vehicles

from the same traffic direction (at the bottom of
the chart). These figures help determine the
appropriate length that should be added to the
area's existing length (on the chart's right side).
The opportunity to overturn the right-turn lane's
capacity to the main road for 2 to 20 % is a critical
factor in this determination. For instance, if the
existing area has a length of 50 meters and the
value read from the figure is 20 meters, this
indicates that after the improvement, the suitable
total length of the turning lane will be 70 meters.
This consideration is based on the number of
vehicles of interest, n. Table 5. It can be used to
simplify the decision-making process. It provides
a range of percentages based on the desired
length of the pocket lane for the right turn and U-
turn. The appropriate lane length can be
determined by matching the desired length with
the corresponding percentage.

Table 5 provides crucial data for designing
the pocket lane length for vehicles making a right
turn or U-turn. The following guidelines and
examples can be applied in real-world scenarios:

- It is essential to select data based on
assumptions or surveys. This will help determine
the percentage of vehicles making a U-turn or right
turn from traffic volume in one direction (e.g.,
selecting 20% from row 2 of Table 5).

- Choose the desired or relevant OVEPOM
value to calculate the required pocket lane length
(e.g., select OVEPOM = 10%).

- Select the number of vehicles in the queue
by assumptions or survey data (e.g., select 5
vehicles).

- Refer to Table 5 based on the above inputs
(e.g., the minimum required length is 42 meters, as
shown by the red dashed line).

The appropriate pocket lane length is
determined with precision from the example
above. The number of vehicles in the queue, which
equals 5 vehicles, combined with the VEPOM
obtained from a binomial distribution analysis
equals 2 vehicles (as shown in Figure 6).
Therefore, the total number of vehicles turning
right or making a U-turn is seven. Based on the
previously mentioned vehicle spacing, the
required pocket lane length can be calculated as 7
X 6 = 42 meters.
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Table 5 The appropriate length of pocket lanes for turning, when considering the opportunity to make
right turns and U-turns per all traffic volume in the same direction.

Percentage of right turns or U-turns (p), %
5 10 15 20 25 30 35 40| 5 10 15,20 25 30 35 40| 5 10 15 20 25 30 35 40
The length of the pocket lane shotild bp increased from its current size, Meters

Number of vehicles

OVEPOM (X), 2% OVEPOM (X), 4% OVEPOM (X), 6%
in queue. (n), Veh. (X). 2% EPOM (0, 4% (X), 6%

3 24 24 24 30 30 30 30 30|24 24 24 i 30| 30 30 30 30|24 24 24 30 30 30 30 30
4 30 30 36 36 36 42 42 42|30 30 36 | 36| 36 42 42 4230 30 36 36 36 42 42 42
5 36 42 42 48 48 48 54 54|36 42 42 | 48| 48 48 54 54 (36 42 42 48 48 48 48 54
6 42 48 54 54 54 60 60 60|42 48 54 54I 54 60 60 60|42 43 48 54 54 60 60 60
7 48 54 60 60 66 66 72 72|48 54 60 I 60, 66 66 72 72|48 54 60 60 66 66 72 72
8 60 66 66 72 72 78 78 84|60 60 66 I 72I 72 78 78 8460 60 66 72 72 78 78 78
9 66 72 78 78 84 8 9 90|66 72 72178 84 8 90 90|66 66 72 78 78 84 84 ©

10 72 78 8 90 90 96 96 102| 72 78 84 |84| 90 96 96 10272 78 78 8 90 90 96 96
11 78 84 90 96 102 102 108 114| 78 84 90 |96| 9 102 108 108 78 84 90 90 96 102 102 108
12 84 90 96 102 108 114 120 120| 84 90 96 |1021 108 114 114 120| 84 90 96 102 102 108 114 114
13 90 102 108 114 114 120 126 132| 90 96 102|103 114 120 126 126| 90 96 102 108 114 114 120 126
14 9 108 114 120 126 132 132 138| 96 102 114|114 120 126 132 138| 9 102 108 114 120 126 132 132
15 108 114 120 126 132 138 144 150|102 114 120)12f 132 138 138 144|102 108 114 120 126 132 138 144

Number of vehicles
in queue. (n), Veh.

3 24 24 24 30 30 30 30 30|24 24 24i24| 30 30 30 30|24 24 24 24 30 30 30 30
30 30 36_36 36_36 42 42 _30_31_36_|_36 3% 36 42 4230 30 30 36 36 36 42 42

OVEPOM (X), 8% ovdpoﬁn (X), 10% OVEPOM (X), 12%
|

| s 36 42 42 42 48 48 48 54|36 36 42 42] 48 48 48 48 |36 36 42 42 42 48 48 48
6 ~ T |42 48 48 54 b4 54760 60|42 48 48 54 54 54 60 60 |42 42 48 48 54 54 60 60
7 48 54 54 60 60 66 66 72|48 54 54 60 60 66 66 72|48 54 54 60 60 66 66 66
8 54 60 66 66 72 72 78 78|54 60 66 66 72 72 78 78|54 60 60 66 66 72 72 78
9 60 66 72 78 78 84 84 90|60 66 72 72 78 84 84 84|60 66 72 72 78 78 84 84
10 72 72 78 84 84 90 9% 96|66 72 78 84 84 90 90 96|66 72 78 78 8 90 90 96
1 78 84 84 90 9 96 102 108| 72 78 84 90 96 96 102 102| 72 78 84 90 90 96 102 102
12 84 90 96 96 102 108 108 114| 84 90 90 96 102 108 108 114| 78 84 90 96 102 102 108 114
13 90 96 102 108 108 114 120 126| 90 96 102 102 108 114 120 120 90 96 96 102 108 114 120 120
14 96 102 108 114 120 126 126 132| 96 102 108 114 120 120 126 132| 96 102 108 114 114 120 126 132
15 102 108 114 120 126 132 138 144|102 108 114 120 126 132 138 138|102 108 114 120 126 132 132 138

Number of vehicles

OVEPOM (X), 14% OVEPOM (X), 16% OVEPOM (X), 18%
in queue. (n), Veh. (X), 14% (X), 16% (X), 18%

3 18 24 24 24 30 30 30 30(18 24 24 24 24 30 30 30|18 24 24 24 24 30 30 30
4 30 30 30 36 36 36 36 42|30 30 30 36 36 36 36 42|24 30 30 336 36 36 36 42
5 36 36 42 42 42 48 48 48|36 36 42 42 42 48 48 48|36 36 36 42 42 42 48 48
6 42 42 48 48 54 54 54 60|42 42 48 48 54 54 54 60 (42 42 48 48 48 54 54 60
7 48 54 54 60 60 60 66 66|48 48 54 54 60 60 66 66|48 43 54 54 60 60 66 66
8 54 60 60 66 66 72 72 78|5 60 60 66 66 72 72 78|54 60 60 66 66 72 72 72
9 60 66 72 72 78 78 84 84|60 66 66 72 78 78 84 84|60 66 66 72 72 78 78 84

10 66 72 78 78 84 90 90 96|66 72 78 78 84 84 90 96|66 72 72 78 84 8 90 90
1 72 78 8 90 90 96 102 102| 72 78 84 84 90 96 96 102| 72 78 84 84 90 96 96 102
12 78 84 90 96 102 102 108 114| 78 84 90 96 96 102 108 108| 78 84 90 96 96 102 108 108
13 84 90 96 102 108 114 114 120| 84 90 96 102 108 114 114 120| 84 90 96 102 108 108 114 120
14 96 102 108 108 114 120 126 132| 90 96 102 108 114 120 126 126| 90 96 102 108 114 120 120 126
15 102 108 114 120 126 126 132 138|102 108 114 114 120 126 132 138| 96 102 108 114 120 126 132 138

Number of vehicles

OVEPOM (X), 20%
in queue. (n), Veh. ) °

3 18 24 24 24 24 30 30
4 24 30 30 30 36 36 36
5 36 36 36 42 42 42 48
6 42 42 48 48 48 54 54
7 48 48 54 54 60 60 66
8 54 54 60 66 66 66 72
9 60 66 66 72 72 78 78
10 66 72 72 78 84 84 9
11 72 78 8 84 90 9% 9%
12 78 84 90 9% 96 102 108
13 8 90 96 102 108 108 114
14 90 96 102 108 114 120 120
15 96 102 108 114 120 126 132
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4. Conclusions

Our study area is the U-turn and signalized
intersection locations. When considering the
equivalent passenger car unit (PCU), we found that
the average saturation flow rate at three U-turn
locations was 930 veh/hr, significantly lower than
the average saturation flow rate at three
intersection locations, which was 1,653 veh/hr.
This substantial difference of 723 wveh/hr
underscores the need for further research in this
area, as it reveals that the saturation flow rate at
U-turn locations is 43.74% lower than at
intersections.

The appropriate length of the right-turn and
U-turn pocket lane depends on the proportion of
the total volume of vehicles that need to turn right
or make a U-turn. Considering a 5% increase in the
length of the right-turn and U-turn pocket lane, it
is found that the suitable length depends on the
number of VEPOM. The choice of the proportion
of vehicles turn right and make a U-turn may
depend on the analyst's discretion, whether they
want a longer or shorter waiting lane. For a longer
waiting lane, consider the proportion of vehicles
turning right and making a U-turn concerning the
total volume of vehicles that is smaller. For a
shorter waiting lane, consider the proportion of
vehicles turning right and making a U-turn
concerning the larger total volume of vehicles.
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Abstract

In this research, the issue of shrinkage in coffee cup sleeves filled with biodegradable plastic materials is
investigated. Polylactic acid (PLA) and coffee grounds are two combined materials that are difficult to form
by injection molding. The quality of the coffee cup sleeves declined as their surface was reduced. This
study aims to investigate the effects of various plastic injection molding parameters (including clamping
force, injection pressure, injection rate, and cooling times) that influence sink marks on the molded parts.
The goal is to determine the optimal conditions for reducing sink marks on the molded parts. Experimental
results revealed that setting the injection speed rate to 40 cm?®/s and the injection pressure to 54 bar
significantly reduced shrinkage, thereby enhancing the surface quality of the product. The findings suggest
that configuring the injection speed rate at 40 cm?/s, the injection pressure at 54 bar, the clamping force at
100 tons, the material's melting temperature (Tm) at 180 °C, and the mold temperature (Tw) at 60 °C
effectively minimized sink marks. This optimization resulted in a smoother and visibly improved surface
finish of the molded components. These results provided an important guideline for the development of
injection molding technology employing bioplastic materials that use higher viscosity than generally used
with synthetic plastics. Other bioplastic goods can be produced using this method with favorable outcomes.

Keywords: Plastic injection molding, Shrinkage, Biodegradable, Injection parameters

1. Introduction

The extensive utilization of resources in
global trends has had a significant influence on the
environment and natural resources. Manufacturing
products that decompose naturally after use has
emerged as a competitive alternative that
minimizes impact on the environment, and
exemplifies efficient resource management. As a
result, using alternatives that reduce the use of
finite resources and help reduce plastic waste is
essential to the development of ecologically
friendly materials. Biodegradable plastics can help
reduce the amount of plastic waste that ends up in
the environment by breaking down naturally.
Biodegradability is the property of polymers that
allows microorganisms to break them down into
smaller molecules [1-3], which may help solve the
problem of plastic waste accumulation in soil,
water, and living organisms. This research aims to
develop a coffee cup using biodegradable plastic
materials formed and blended with coffee grounds.
Quality control of molded parts is important to
prevent defects such as shrinkage, weld marks,
flow marks, and sink marks. Mahajan et al. [4-5]
applied statical methods to determine the optimal

injection molding conditions. The research
focused on mold closing speeds, which had a
significant effect on quality characteristics.
Moayyedian et al. [6] concluded a melt
temperature is the most influential for short-shot
possibility by resolving the optimum levels of gate
type, filling time, and melt temperature. Moreover,
the factor analysis of high-density polyethylene
(HDPE) in the injection process is studied for
reducing shrinkage problems by Supasit et al. [7].
Various factors cause these defects, especially the
injection molding parameters. This has a
significant impact on the quality of the formed
parts. In order to develop the quality, and avoid the
defects, a number of researchers applied an
optional device for solving these problems. To
reduce defect rates and circumvent high-cost
expenditure on new molds, Li et al. [8] presented
an experimental framework aiming to implement
process optimization efficiently and attain a
predictable level for the quality characteristics.
Masato et al. [9] described the design of a
multivariate  shrinkage  sensor  (MVSS)
incorporating a spring-biased pin with a digital
linear displacement transducer to measure in-mold

doi: 10.14456/rmutlengj.2025.4
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shrinkage directly. The modeled main effects
highlight the different shrinkage behaviors
of HIPS and PP, indicating the need for in-mold
shrinkage data. Yuan et al. [10] summarized mold
temperature, melt temperature, injection speed,
and holding pressure affect defects. The process
parameters influence iridescent patterns by
changing retardation and transmittance. Regarding
these studies, the main parameters influencing the
quality of plastic injection molding are such things
as injection pressure, injection speed rate, cooling
time, and mold temperature. From the experiment
of microplastic injection molding investigation,
Ong et al. [11] found that mold temperature was
most significant for cavity filling. Krebelj et al.
[12] studied the cooling rate effect of glass
transition temperature; this research summarized
the importance of volumetric relaxation in cavity
pressure prediction. Yadav et al. [13] observed the
influence of injection and holding pressure on
thermoplastic; the results showed that injection
pressure affected the mechanical properties. These
studies attempted to improve the product’s quality
on ordinary plastic materials. Plastic injection
molding sink mark problems are a serious flaw that
impairs the practical and aesthetic quality of
molded items, and the uneven shrinkage that
occurs during the molding process's cooling phase
is the main cause of this problem. Therefore, this
research focuses on adjusting parameters in the
injection molding process of coffee cups made
from biodegradable plastic materials to solve the
problem of shrinking. Mohan et al. [14] The
research aims to investigate and report the
influence of injection molding process parameters
on the strength, shrinkage, and twisting of parts
after molding. In particular, this research focuses
on how these parameters affect the shrinkage and
twisting of polypropylene parts after molding.
Wang et al. [15] This study focuses on addressing
defects in rapid heat cycle molding (RHCM). To
reduce sink marks, a 'bench form' structure for
screw studs was developed, along with a lifter
structure for the mold, and external gas-assisted
packing was introduced. To minimize warpage,
the study employed Taguchi’s methods to examine
the impact of process parameters — such as melt
temperature, injection time, packing pressure,
packing time, and cooling time. Simulations with
Moldflow software had been conducted to analyze
warpages under different conditions. Signal-to-
noise analysis identified the optimal processing
parameters, and ANOVA quantified the
contribution of each parameter. The results show
that these optimized parameters can effectively
reduce warpage in RHCM parts. Vanek et al. [16]

This study investigates the methods, including
software simulations and experimental validation,
using polycarbonate test samples (optical lenses).
Significant parameters such as melt temperature,
mold temperature, injection pressure, and packing
pressure were varied to assess their impact on
geometric accuracy and visual properties. The
results showed that lower melt temperatures and
higher mold temperatures significantly reduce the
occurrence of dimensional defects. Additionally,
the design of the gate system was found to be
crucial in minimizing defects and ensuring
uniform material flow. Effective packing pressure
was essential in reducing volumetric shrinkage and
sink marks. Butt MS et al. [17] In this research, the
mechanical and degradation properties of
biodegradable magnesium (Mg) strengthened
poly-lactic acid (PLA) composites produced
through plastic injection molding have been
extensively studied. These composites exhibit
enhanced mechanical performance and controlled
degradation rates, making them suitable for
biomedical applications, particularly in orthopedic
implants.

Previous studies indicate that biodegradable
materials  exhibit  unique and  distinct
characteristics, often posing significant challenges
for forming processes. 3D printing has been
commonly utilized for shaping such materials by
converting them into filaments prior to additive
manufacturing. However, there is a notable lack of
research on direct forming processes using raw
biodegradable materials. This study emphasizes
the critical role of injection pressure and injection
rate in enhancing the quality of eco-friendly plastic
products. These factors are particularly crucial
given the limited existing research and the inherent
challenges associated with forming biodegradable
materials using various parameters.

2. Materials and Methods
2.1 Biodegradable Materials

The material selected for the injection molding
of coffee cups is a prototype biodegradable plastic
(PLA/coffee ground: 80/20 with compounds),
which has been tested for its biodegradability and
has demonstrated no adverse environmental
impact [18]. The material consists of polylactic
acid (PLA) combined with coffee grounds, a
byproduct. This mixture has desired properties
such as flexibility, strength, and a shiny surface
created coffee grinding oil. The injection
parameters utilized in this study are detailed in
Table 1.
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2.2 Calculation of Injection Molding Parameters

The design of the 16 oz coffee cup has a
diameter of 92 mm for the cup body. The bottom
diameter is 60 mm, the height is 102 mm, and the
wall thickness is 1.5 mm, as illustrated in Figure 1.
The injection molding process allows for the
production of two cups per cycle, with a spacing
of 120 mm. The height of the pinpoint gate is 30
mm, the length of the runner is 145 mm, and the
height of the sprue is 70 mm, as shown in Figures
1 and 2, respectively.

Table 1 Injection Parameters of Polylactic acid:

PLA and Coffee Grounds [20]

List Value Unit
Density (p) 1.25 g/cm?®
Melt Temperature (Trm) 165-180 °C
Mold Temperature (Tw) 60 °C
Tensile Strength 38-47.8 MPa
Tensile Modulus 4,200 MPa
Melt Flow Index 5.9-8.46 | g/10min
Shrinkage 0.3 %

Figure 2 Cavity Layout
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Formula (1) presents mass calculation of coffee
cup

m=v X p D)

where; m is mass (g), v represent as volume
(cm®), and p refer to density (g/cm?®).

The injection volume of the workpiece is 54.53
cm?®/piece and the runner system (sprue + runner
+ pinpoint gate) is 10.04 cm?. The total volume is
(54.53 cm® x 2) + 10.04 cm® is 119.10 cm®,
Therefore, the weight of the workpiece per cycle
injection is 148.88 g (119.10 cm3 x 1.25 g/cmd).
2.3 Design of the Coffee Cup Injection Mold

The coffee cup injection mold, a three-plate
molding type (3-plate molding), has three parting
lines (PL) and a pinpoint gate for the liquid plastic
in the middle area at the bottom of the coffee cup.
The size of the mold is 270 x 300 x 375 mm (W
x L x H) as shown in Figure 3.

A 717 i

(b)

Figure 3 Biodegradable Cup Molding Design
(a) Mold Dimension (b) Parting Line

2.4 Injection Mold Parameters Adjusting Process
Injection molding parameters are critical in
affecting the quality of manufactured
components. The injection process is divided into
5 steps with a percent cycle time given: 1) mold
closing (5%) 2) injection time (10%) 3) Filling
time \(15%), 4) Cooling time (70%), and 5) Mold
opening (5%). All 5 processes mentioned above
affect the quality of the workpiece during the
injection molding process as shown in Figure 4.

5) Mold Opening 0 1) Mold Closing

3) Packing &
Holding Time

15 %
4) Cooling Time

70 %

Figure 4 Plastic Injection Process [4]

2.5 Clamping force Calculation

The clamping force is the force that keeps
the mold closed during the injection of plastic
into the mold, preventing it from opening. The
clamping force must exceed the injection
pressure, an appropriate clamping force
contributes to the improved quality of the
injection-molded components, while insufficient
clamping force may lead to defects in the parts
[20]. The equation for calculating the clamping
force is presented in Equation 2.

F=Px A 2

where; F is clamping force (ton), P represent
as injection pressure (kgf/cm?), and A refer to the
projected area of workpiece (cm?)

The injection pressure P in the mold is
derived from the injection molding pressure of
the PLA material, which is 703 kgf/cm?2 [20]. The
projected area A of the two molded components
(Cavity 1 and 2) has a diameter of 9.2 cm. The
area of the components is calculated as 4; =
mr’x2 = 132.95 cm? and the area of the runner is
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A, = WxL =145 x 6 = 8.7 cm?. Total projected
area is 132.95 + 8.7 = 141.65 cm? Therefore,
selected clamping force is 703 kgf/cm? x 141.65
cm?=99.58 Ton = 100 Ton. The projected area is
illustrated in Figure 5.

?92 mm

Cavity-1

]

<

145 mm

N
%

Figure 5 Projection Area and Runner

2.6 Plastic Injection Machine

Plastic injection molding machines are
responsible for introducing material into the mold
and workpiece as desired. There are many types
of plastic injection machines which depend on
workpiece design and mold size. This experiment
chose to utilize a horizontal single-screw
injection molding machine which is suitable for
2-plate and 3-plate molds [22]. The model HYF-
1000 is shown in Figure 6, and details of the
injection molding machine are shown in Table 2.
2.7 Injection Pressure

The injection pressure refers to the pressure
applied when injecting material into the mold and
creating internal pressure within the mold [23]. It
iS a major contributor to defects in plastic
injection molding [24]. This is compared to the
maximum injection pressure of injection
machine; HYF-1000, PRC, with clamping force
100 Tons. Tie bar range is 360 x 315 mm. The
calculation can be performed according to
Equation 3.

P= PrmaxX Pmat (3)

Pmrc

where; P represent as injection pressure (bar),
Pax 1S maximum injection pressure (bar), Py q¢

is injection pressure of material (bar), and Py /¢
refer to injection pressure of machine (kg/cmd).
The experiment has been set: Py, Of the HYF-
1000 injection molding machine, which is 140
bar. P, of PLA is 703 kgf/cm? = 690 bar [20],
Py ¢ is 1,835 kglem® (1,799.52 bar). Therefore,
the adjusted injection pressure for the coffee cup
components is calculated to be at 53.68 bar, or
approximately 54 bar.

Figure 6 Plastic Injection Machine; HYF-1000

Table 2 HYF-1000 Specifications

System List Value Unit
Injection | Screw Size (D) 35 mm
System Max. Volume 160 cm?®

Injection 1,835 kg/cm?

Pressure

Injection Rate 90 cm3/s

Speed 0-200 rpm
Clamping | Max. Mold 360 x 315 mm
System Size 100 Ton

Max. Clamping

Force 305 mm

Max. Open

Distance

3. Results and Discussion
3.1 Adjustment of Injection Molding Parameters
Adjusting injection molding parameters is a
crucial process that significantly impacts the
quality of the components. In this study, the
screening parameter experiments were
conducted using a novel composite material
prototype, with limited prior knowledge
regarding the injection molding parameters.
In this phase, human insight and expertise are
employed to adjust the injection parameters,
which are widely utilized in empirical
industrial ~ situations and are called
operational techniques. The objective is to
find the best-so-far parameters for product
forming which is more effective than the
conventional trial-and-error method.
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Therefore, this research set a number of
experiments up to 2,000 shots of screening to
obtain the best so far for operational
guideline parameters. In order to test the
problem of biodegradable coffee cup injection,
the initial set of parameters is outlined in Table 3
which are impact on sink mark problem solving
[13-15, 17].

Table 3 Injection Parameter

List Value | Unit
Melt Temperature (Tm) 180 °C
Mold Temperature (Tw) 60 °C
Clamping Force (F) 100 Ton
Injection Pressure (P) 54 bar
Injection Rate (I) 20 cmd/s

3.2 Injection of Biodegradable Coffee Cup

In the forming process stage, the
biodegradable coffee cup mold is mounted on the
injection molding machine using the initial
parameters. Bio-plastic is injected into the mold
(core and cavity), and the components are
allowed to cool within the cooling time. Once
cooled, the mold is opened, and the components
are ejected from the mold, as shown in Figure 7.
The results of the coffee cup components
revealed the presence of sink marks on the cup’s
surface (both inside and outside), as illustrated in
Figure 8.

—
'Workpieces
—

T

Figure 7 Workpiece Ejection System

Upon analyzing the results, non-destructive
testing (NDT), specifically visual inspection, was
utilized to observe sink marks on both the internal
and external surfaces of the coffee cup
components. These marks were attributed to
plastic injection molding surface allowances [25].
The findings suggest that the high viscosity of the
biodegradable plastic material derived from
coffee grounds is significantly higher than that of
conventional synthetic materials. Consequently,
the injection rate was increased in correlation
with the injection pressure, as shown in Figure 9.
This figure demonstrates that increasing the
injection rate to 30 and 40 cm3/s leads to a
sequential improvement in the surface quality of
the coffee cup components. However, beyond a
certain threshold, further increases in the
injection rate resulted in a decrease in surface
quality, ultimately reducing the occurrence of
sink marks.

Internal Surface

External Surface

Figure 8 Sink Mark Phenomena

4. Conclusion

From the adjusting parameters procedure, the
results indicate that the injection molding of coffee
cups utilizing biodegradable plastic derived from
PLA and coffee grounds mixed significantly reduces
sink marks on the components through the
adjustment of injection process parameters.
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Injection pressure
(bar)

Injection speed rate

[ (cm®/s)
20 30 40

Figure 9 Sink Mark Problem Solving Result

The experiments thus demonstrated that
setting the injection speed rate at 40 cm3/s and the
injection pressure at 54 bar, along with a
clamping force of 100 tons, a melting temperature
of the material (T,) at 180 °C, and a mold
temperature (Tw) at 60 °C, effectively minimized
sink marks, resulting in a smoother and visibly
improved surface quality of the components. The
adjustment of the injection speed rate has a direct
impact on reducing sink marks, as the high
viscosity of the material requires increased
injection speed to facilitate better flow within the
mold and complete filling of the mold. This
clearly illustrates the relationship between
injection rate and injection pressure in addressing
surface quality issues of the components.

This research focused on parameter adjusting
results outperform a new operational guideline to
solve the quality improvement in the bio-plastic
injection process which is different from [6-7]
and [10-11] in terms of the material sustainable
used, especially in a new eco-friendly
biodegradable plastic which is difficult to form by
the injection process.
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Abstract

This paper presents the static responses of the fifth- order polynomial shaped shell that supports the
hydrostatic pressure. The geometry of the fifth-order polynomial shaped shell was computed by the differential
geometry. The model of fifth-order polynomial shaped shell was desigshed by using one-dimensional beam
elements, which divided along the shell radius. In this study, the shell was separeted into 2 regions for
preventing dZ/dr=o0 and reducing the errors of result at equator plane. At the junction of two regions, was
defined the function values, of displacements and continuous slopes The energy function of the shell can be
derived by the principle of virtual work, and the static responses of the shell can be obtained by the finite
element method. The results indicate that the sea level, shell thickness, and elastic modulus affec the
displacement of the fifth-order polynomial shaped shell.

Keywords: Static Response, Fifth-Order Polynomial Shaped Shell, Hydrostatic Pressure, Differential Geometry,

Principle of Virtual Work
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2. NneuaIsn1sAiun1iidg
2.1 auudguilelumsin ey
Tanuedassasiuudenurdinuaudftangunuy
Badu wazaununveslassadislifimsuasunlanis
Aouwaznaansidesu grusesiulassairadionuieay
anuAlidunuudauiusgeauysal Tnefidminues
TnssadsdlefesmnnifiowSoudisusuausswuadnues
i dldvanfiansanlunsfnwaded saufrusesiy
IngAveIlAsIase
2.2 isyIpddmdeuniusvedlassasuudenuid
nyneilassasialdenuisgunseilaidulng
Tudvasusufivineldussiuthaiunsavinlalnens
Smualiiuin S WuiuRn8198s (Reference Surface)

Parunsadenulansaunis

r=Xi+YJ+Zk (1)

lag? X,Y,Z Aesyuuiinaaindmsulenuiuifianing

Y a a1 o i
DD UAMNFUNIIN (2)

X=r1(x)cosy (2n)
Y =r(x)siny (29)
Z=7(x) (2m)

dio x waz y Aermisiilmesvesiulalngtaniy
wnnusaduagiduiiinasidgn mudiu mﬂ'gﬂﬁ 1
wua g iae r=x lun1siasiginuiiaziinan
ouus dZ/dr=oo Auviisdianned deduiiletiostu
YN INa1ILaZaNAIAILARIALAG DUV IHAT N T
FNLIsTUIUBIAIMAeS Jalariinisuudlassastadden
ygeendy 2 ¥29A0%39 A uag B laeilainisidmes
wrndalawn o waz B lasluge A waz B 9zlean
Z =7(r) waz ¢ = ¢({) auasu Sathuaunisi (1) 2

laaAnavealassas1Udonunalugle A feaunisi (3)

r=x (3n)
X=xcosy (39)
Y =xsiny (3m)
Z=17(x) (39)

AMTUL9 B @unsaldisuainnvedlassas1audanung

lansaunsn (4)

r=a+e({) (4n)
X=(ate)cosy (4%)
Y = (at@)siny (4m)
Z=B- (49)
Z
4z ~——Region A—»+—Region B—»
Apex: — =0
dr Z(r)
\ Curve 1 Curve » D.. D...D
D, D, e2 Ly, (p“’ 2 ©)
D, D, (/7
b B D3 D5§ D D, leav D15
Z\ r Curve 4 D. D.. D.
¥ ¥ - H 160 “170 18 r
[ — | \ d

a Equator: 9z _ 0
‘ a > dr

JUN 1 sUnsusuiadiavedasiasiadionu
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INAUNTN (1) NaTITIBYRUSVRIAIULIY U T

aunsambanaaunsi (5)

dr =r,dx+r,dy (5)

¥

Tuilddnvios x uae y uansiaeyiusyosnuunTzuy
fifaveslassadraddenuns Yufe r=or/ox uas
r,=0r/0y muanu 3nnannIsisuafiagseyius
g1u150UkansdUUTTNOUYDUNATNDINULYRT (Metric

Tensor) l@saaunisi (6)

E=r,r, (6n)
F=rer, (6%)
G=ryr, (6m)

Amunli A=VE waz B=VG dsiuaunisi (6n) uaz
(67) voelAssAs1UADA U LYY A @unsaleulvdla

faaunsi (7)

A= /1+z§ (7n)

B=x ()

warlugie B aunsadeuludlaseaunisn (8)

A= / 1+(pé (8n)

B=a+¢ (8%)

gsulunsngmInulag (Metric Curvature) U999 WA

91994 S @unsadeulmilasaaunisn (9)

L=r, (9n)
M=r, i (9%)
N=ry, i (9n)

¥
A a v a

1o N ABLIALWBS L ULUIAIRINAUNURIDN19BY S Famla

9IN@uNST (10)

A IxXry
== 10
B (10)

2.3 AINATUETENINAMUASEANUT EYNITIAYTU
s o ] dy a dl a = *
VAWeTTEYmuMe R vuiuiafifianisidesy S

1AgONBRINAMNUIVBIIAMDTTLUIUNUL T UUNURR

Ay a A o = ) a Yo a
7197989 S ‘1/]GﬂLL‘WUQLWﬁaﬂuaqmqia‘UquﬂJlﬂﬂﬂaﬂJﬂqsw

(11)
R=r+q (11)

- A s = X a v oa o & a
S\Ne| ﬂaL’mLmaiﬂﬁLaﬁJgUmﬂwummﬂaﬂ S 1‘UENW‘UN'J

S a = * o v =i
MAansidesy S Famlanaunsi (12)

r r
=X ut+—=v+i
q=gutz=viow (12)

e (u,v,w) AeesAdsznauainisideguamununduds
Audumessifeu wdusousy LazuwIR IR NAUEY
wossiiew mudeu Tunsaiidudymuuuauunasmu
Wk IzAmualieInsde sunuluLdusou Ui

a '

Buaud (v=0) fafuaunisdt (12) aedinnsfinnsand

nsidegdianizuunidudanuiduiuessinsunag
wmnfudumesiifiey wihily dmiuduszney
vousmEndinumefvosiuiniiasy S” aunsouandld

Keaunsh (13)

E'=R, R, (13n)
F'=R,R, (13)
G =Ry 'R, (13m)

du dw du dw KatuALdaLS
dx dx dx2? dx2

YBIANUATEANUTEEENSIEEFUMUTEILANATER

fvuali {g} = luw

LUUAINTDID (Lagrangian Strains) [28] ﬁﬂlﬂﬁdaumi‘ﬁ'
(14)

&=Lig, (14)

e Ly AsnAmeinmiuaisanuulimeaaingssd den

Keaunsh (15)
T— L
wy=lo -

T_|Bx _N
Ly'=|2 00 0 0] (15%)

0 0 oJ (15n)

ANMTUAINISIUA s UBUAIAIANUTAINE NUDIN URIN
AINANAIUNUNIVDILATIFS1WUA DN UL BIDINHAT D

MsAnaNIsamuINlAaNaNA1SN (16)

K = }(gk (16)
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We Sy AonAweIAIALlAMEN dARsaunsn (17)

{sl}T=[o 0 0 % 0 % (17n)
{SZ}T=[O 00 - 0 o] (17%)

2.4 UWUUT1ae9 NALAMan sYavla A UaeA U
n1sdnaedlassasialdenuisgunsalendulngly

Wea dwanslugua 2 avanunsaldeulalaegldauns

HeAdulnaludoaduiuiim Asaunisi (18)

y=11 x x2 x> x* x’l{a} (18)

o {a} AsnAwesduussdnsvesileidulnaludea i

ANPREUN1TN (19)

{fay=lay a a3 a; as a|T (19)

NnaunN1s (18) annsalisulnalainfaunisn (20)

{d} =[Cpl{a} (20)

Wio {d} FenAwmesnn3daszanisii (Local Degree of

Freedom) fiandsaunsi (21)

9 )&
dy 1\ 2y

&...y(1) = ) o2 Q)

y
4,-y(0) d,=y(0)
d9=g—y(0) y=a, +a,x+ax* +a,x +axt +ax’ da=%(|)

X

6.-520 R

' v
@ =

JUN 2 Aifaemevesudiugaeflsidulnaludea

o

uaz [Co] AawuninddnsadaasiiAnsaunisn (22)

1 0 0 0 0 0
01 0 0 0 0
00 2 0 0 0

[CO]_ 1 l 12 13 14 15 (22)
0 1 21 31° 41 s51*
lo 0 2 61 121 2013J

INEUNTT (18) way (21) avlgannisd (23)

y=IM; M, M; My, Ms Mg[{d} (23

Tudid
3 4 5
Ml=1-1o’1‘—3+15’1‘—4-6’1‘—5 (24n)
3 4 5
M, x-6’1‘—2+8’1‘—3-3’1‘—4 (24%)

M;=-x2-25+25 X (240)

x3 x4 x>

M4:101—3-151—4+61—5 (2491)
x3 * %

M5:—41—2+71—3—3 1—4 (243)

M_1X3 1%
a2 2P

(243)
2.5 naNIuAIUATEAYRlA I NIUAEAUN
ANNAIIUANUATIAVDALATIFS 1 UADNUNG Y
LU0 TU 2 MDA BLULLUSY (Membrane Strain
Energy, Um) wazN13AA (Bending Strain Energy, Ub)

a

fiAnssaunisi (25)
Un= 3 (e} [C eddx (250)
Up= 5 [T [D]{c}dx (259)

e [C] way [D'] Astumsndanundaunsaiioaainnig
gannga (Extensional Rigidity) wag n19Am (Bending

Rigidity) audnstu Siendaaunnsdi (26)

M Et [l

[C “ | 1] (260)
T E't3 l u

[D]—lz(l_uz) [u 1] (26%)

AINUNTUUTHUVDINAIUAMULAT A LU OULUULUTY

KaYNISAA @1unsalsulansaunsn (27)

8Un= J.* (g} [kn] (g} dx (27n)
8Up= fxxf 5{g} [k, |{e} dx (27%)
Tuindl

[kn]=251 221 Cj ({Li}{Lj}T) (28n)
[ke]=32, 32, D ({sH{s}}) (28%)
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2.6 SIUadoUNN9 NS UIFIDUUULTUTY
STULEL DULTE BINNWSIAUWIAD AL UULT 9be U

annsafuanlaainaunisi (29n)
dQ =- fxxlz p,, {dW}ABdx (29n)

a a ' v % a a v .
o p, AeAtussuinadanuududadu (Linear
Hydrostatic Pressure) 1052y luULUIA R NAUNURIVDS

lassasnadnnueanunsamuiulansaunsn (29v)

P, =p,2Zy (29%)
e p, Ao AmuLLiuve i, kg/m’
g fe Ausdliudisveslan, m/s?
Z, @® sepgluninnsinanseduting, m
2.7 WaTm v Ao
ANTATUIURINARNDUAUBINIIED AAIEAS VD
Tassaadonursgunseilerdulndluilasusuiiviniu
useuihadnarldanuasinvesuaion feauntsd

(30)

§U,, +8U,-Q = 0 (30)

v '
LY P

paduLil aunuA1NNaunNIsA (27) wag (29n) agldly
aUnN157 (30) ALEUTOLAAILARIANNITN (31)

[ st ([l e o

X1

+ fxxlz p, {W}ABdx=0 (31)

2.8 Wlnlusiiodianis
\HlesannginssunaneuaLeainAaRTves

Tassaawdenunsgunseileidulndludoasududivingn
taniesannglditenlaresmsuussiuiatn sz
Tilufmedasadiaianmsasuwasamyiduies
Siuwiniu fofulunmsuidgmlngldslnlufoduud
[25] aunsavilalaenisdnasslassasialaanuienie
Fudiuresaiuuuy 1 98 wavwdudududiuaes
Tnssaraddonunesniududugos 9 AULUINAR
X Fuanduzuil 3 fedudlofiarsantudala 1 awld
F1A1n15UTEIIMATINIIAE DUTl AR 9 vudy

diudavavannsnilalaenisinuabiudasyndives

v
a ' ' A

JuarugeslanIdasevinnu 6 wazltiantulnaludea
o v Ay g Iz & PR & o |

susuviduilandunisindeuniiemilandugusuag
Uizmmmmn?{agﬂiuumﬁuﬁa U waghuiseain W

@ Saunsh (32)

{g}=lvl{d} (32)

e {g} Ao namainsndauniiynse

{d} Ao nAwesURIRNIaTENYAMD

[y] Ao wesndilandususalnaluduaguduiivh

t%

UM 3 laseasraldanuresiendulnaludisasuauiin

Y

AeldnssruinafnluuLTadu

NUUIAITENUAIENN15T (32) agldluaunisi (31)

elansaunsn (33)

" [ '[w1" [k] [wldx{d}+{f}=0 (33)
ludtdl

[k] = [k |+ ko | (34n)
{f} = {ow}" fxxlz p, {w}ABdx (349)

=

WosnAn3daszlanizy {d} willouduanidaszsiu

'
a

{Q} Aetuaun1sh (33) aunsauanslansgunsi (35)

[K]{Q}+{F} =0 (35)
iosnnlassafradonunsgunseilsddulnaludoa

v v

UAUNTNTTAINANLIATANULLIRAUYNUIIARNTU
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satudeulvveuwaiiiunisvuanvedassaiiuuien

V19aedadsaunsi (36)

u=w,=0 (36)
dmudoulvivnugiusesiuaginsuliduuuy
Bautiussaunsi (37)

u=w=w=0 (37)

waridoulvvasmnusailasiuasuaingae A Tuidutas

o

B azilAnsaaunisi (38)

ut-uB=0 (380)
wi-wB=0 (38%)
A B
XX _— (38m)
[1422 [1+¢?
A B
S S (384)

[1472 [1+¢2

dl' oA q' v
Reulvvesanuseoiiodluaunisn (38) awnsauiauns
lalnge1denannisvesiiannaingesd (Lagrange’s

multipliers) Ingazaunsadeulansaunisi (39)

n.={\T[GI{Q} (39)
Tt
=M M A M (40n)
uAWAuAWA...
T_ x Wx
Q) [&...quBu]gWCB| (409)
1 0 0 0
0 1 0 0
0 0 — 0
/1+z§
0 0 0 1
fl+z§
[G]= 1 0 0 0 (40m)
0 -1 0 0
0 0 -— 0
1+(p§
o0 0 -

l il

Aaniizaunavzliin Sm.=(0n/o0)5A= 0 laoi
800 Tufe on/or=[G]{Q}=0 il eilusiuiu
aun1sii (31) aldRsaunisii (41)

K] | [Gl]({Qh) ({F}

B (a1)
[GI" | [o]d\{(a}) {0}
Tunsdifideanisiuameausenmelulaun wsslussuy
(Membrane Forces) wagluiuus (Bending Moment)
ansarwialdainaunisf (18) waz (16) Sauduen
ﬂﬁLﬁﬂgUﬁLﬁW’fu AUSUNITHIAIAIULATYALATNNT
WasuwUatnnul@amdn audidu anntduaiunse
AIMAL SIS EUIULaE LA L LagltaunisLana

NANTIUVRIIAA (Constitutive Equation) [24]

3. HanN15Iveuarandsie

ANMSUNSULEUBHANISIATITIN BN A ANEN SUDS

'
v a 1Y

lasaiafonuisgunseilaidulndlullisaduduiviniu

a

LSIAULNEDA FLLSUAUINNNITANUAAIALUSEENT VD

v
=] '

Wandulndluidealuaunisi (19) lnglui dazuus
sonlu 2 9290 A uae B Auandluguil 1 lnefiAnding

daszanizi d;, d, waz dy dwsutudiuaidusalui

a 1

| v a _aa =
AANUALLYINNUANIBATELaN1EN dy, ds way dg Vo9

v
a ]

JUAILAY MUAINU WONINTANNSVRLAULAIIEABE

RoulvvaulwsnignUaeuuan (Apex) Asaunisn (42)

D2: 0 (420)
D 1
m = o (42%)

e 1/r) for1aalis (Curvature) 4 siumsgatans
vudn dmiuadnidaseruiivasuaintas Aludy
%29 B ufo D5, Dg, Dy uag Dyg, Dyy, Dy, avfed
mnusteiosiuii 3 i faiudsndudesmundouly
yasusaLiies (Continuity Constraint Conditions) &3

aunsh (43)
D 10— 0 (43ﬂ)

D8D11+1: 0 (43%)
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nsivuadeuly Dyy= 0 uway DgDy +1=0 wi olifiAn
Anuseiiasszninsaunsdulaed 2 uay 3 anelinng
LU?{ﬂuLLUaaﬁﬂmwaainLmuﬁwﬁavﬁ”mam“lu:;ﬂﬁ 1
Fefuandevlaveuanasiouluvesninusowd o
flaNaIveA L AzanuNsanuaaLnsdulAlAReaNng

il (aa)

y,=1.5-0.0375x%-0.03x
+0.04x-0.015%° (44n)

y,=1.40297-0.15469x-0.1 3875x?
+0.045x3-0.003x*-0.002x> (449)

(p3=2.79086x-1.75)(2-13.9)(3
+47.9x%-43.7x° (44)

(p4=0.83907+1.OO8X-4.60023X2
+18.35x3-35.6244x*+24.45x> (449)
Tuditi evirnsunuan x=0 asluaunisi
(44p) 3zl =0 aonndesiuiiouly Diy=0 uay
W ovinasunuan x=a/2 waz x=0 asluaunisi
(44%) uag (44M) AIUEIAY LNUIINAAUAIAUTY
youduldsaziiaonndoatuiiouly DgDy+1=0 Javh
Tduldadmnnuduninudeiies
F1915UTUTUATUNITIATIEUNSEDAFIER TV
Tnssafradenunsgunseiladdulndlufloasuduiivh
'%“‘ULLN@’TuJ’mﬁmmﬂmauamgqm%uuu MATLAB
2015b TngisuduaInnsvaaeusraznsideguiivans
Fuvugaveslassadiafiomearduiududiud eud
winzau Tagldamnsfiwedang q dauanslunisisd
1 Tuiidimunlisuuiudiugoslude 8 dandu 2
Wve3ta9 A Ll oot uNaveInIuAaIALAG BUATS
UFIIUFIUTITU 1NANTT 2 wuindedruaudu

drugosiinuiugluagilvainunainiaiouilen

v
a v

ANaY Y9 UITeTUTLIILANNUALAAIAILAAIALAZDY
0

fealdiiudagay 0.05 Waisutunisdaanlddnuiudu

v
LYK%

diugaengalu Aulunuideidlvdenlddudiugas

Tuaa9 A uas B $7u2u 10 wag 20 Ju muddy 3ad
FuuT udruteetanun 30 udau 9anuiinIs
m3';ﬁ]aa‘ummgﬂﬁawawaﬁwéﬁiﬁmm’uuifi’faﬁu way
AnvinanevausInsannransveslaseasiwlion
vnagUnssiladdulnaludsasuduiivinsuusafuthadn
nnneuen Tnevinisudsiasuisedun anumun
wazlugdadanguveslassadraudonuia 4sasd
s10aviBendasolud
3.1 MINTIIFOUAIINGNABIYOIUUYTIADIATIATIY
N139971980UANNgNFABIUBILUUT AW ludied
wuslngn1siusouvisuiulusunsululudiediuus
ABAQUS [29] Tneldd udqunuusians SAX2 dafu

o

mMsUszanaAInsndeuiivuuilsidulnaludeadusu
@99 (Axisymmetric Quadratic Shell) 91u2u 24 Fu
diudes nuizuIivedlassaiiuufonuisgunss
il dulnaludeadusuiiisuussiuiadnaeilan
IndiAgsiu fauansluguil 4 1desananindeguves
Tassaradonuisdienies feduluuneauidsldv
miqmmmaﬂ'wmﬂﬁagﬂLﬁ'wﬁ?u (Displacement
Amplification Factor) i1y 100 i el#iiugus
vaslassairaudonuienendinisideguiaiudaiay
wndady wazdlornsieuiisuiuisreynnsde
sUfivanesiuvugaveslasaadisaznuindaiadng
uanAsegAsesay 0.45 Jsiednfesun uaNNTs
lavnsSeuisusvezninidesvlukuisuiay
wnAweslassaiauudonusgunseilsddulndludon
Jusuiivh wuindduendiadnies dauandusud 5
pg19lsAaunsldlnludiodiuusd ABAQUS agwuinil
Padinlunatsusznisiduliauisadiuiamiaing
Fogumunnduiaiudume fSifsunaruudainty
dumesiAsuldlaenss Sesamadeguisassiaidy
Armns1fmesidauddylunishasizilaseadng

Wasnu1udedandsaznannaludrsusaly
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M5 1 Yoyauavaudanldlunsinsie Tugui 7() Bnene uenNddmuiniid Ui eiena
318113 Usua WnTulugsusadulasfsaunisi (44n) uaziinudAgy
1. AIUNUIVBILATIAS 19 0.05 LUAT Tunsiwseiieiesnnvedlassasialdanuiailesain
Wasnung Judumisiiindymnisgadeaiosnmuedasais
2. ATNANVDITZTAUUN 50 AT (Loss of Stability) [30-31]
3. lugdagavey 2x10" Yramna
. - Displacement Amplification Factor = 100
-7\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\7
4. gnsrdntdrns 0.3 i T Ceformen St ]
j i A g ~20F ] —— Present 3]
5. AUNUILUUVDILUN 1000 Alansu/ 2200 £2  _asaqus
3 F 4
ey §150 e ]
g
A v a ~ § 1.0 C 7
AT 2 NINAADUNITYLUIVDITTEENITLdEFUNUae £
v Y] = > 05 } ]
AUUUTRIATIES 1 UTDNUNY : ]
oo v b b ber i b b b b B d
. PR szasnsiiegu 5 4 3 2 4 0 1 2 3 4 5
AMUIUVUAIUY DY Radial distance (m)
LUAT o o A . v a
(1) JUT 4 wan1siUTeuifisusuisedassaiiaddenuis
-0. q s o A a v o oAw
6 0.005439 angulnaluisasuauiin
12 -0.005646
18 -0.005687 0.0012 ‘
—— Present
24 -0.005699 E 00008 ABAQUS
30 -0.005703 é
& 0.0004
36 -0.005705 T‘g_
3 0.0000
s
' o & Ao P = = N -
3.2 KavesmIssAUIdnalaTaT ANy 8 -0.0004 | 5
o U = U 20’ dld U O [=3
ANMSUNSANYINAVDITELAUUINLADNANDUAUDY T a
-0.0008 : ‘ ‘ ‘
MIEDAAENSVR9ATIES 1 UFBNUSUNSIRanTUlnE LY 0 1 2 3 4 5
. v Radial distance (m)
Weasuauiaiunsavinlalnenswusiaguasnsiaiu (n) MsdegUsusY
ANUgIRLTEAUNIMBAUIIvadlaTtaTIulFenuIe
910 500 814 2500 a8 AAINrUIvealaseas 19y 0.002 -
ArsAlufinsdsunlas dusudeyauayanauiRves . 0000 [~ ABAQUS /
Y 9 I l E .
lassaradenuigunseilandulndlullioaduduninn =
° v W a P = -0.002 ¢
Tlunsauiuazldanawandlunisen 1 #anisanwd g
i £ = Y Ao v = o é‘ -0.004 +
wuhuwwldunsideguvedasaisiidnuazadigaiaiuy 2
v o A A o ¥ oo 3 £
fauandluzun 6 dudsillonugevesszaulnda iy £ 0006 [ s
£ ° Y A a a X 0 o g %
geugililassadelAmnsdeguiingu dmiussey 0,008 | | | 3
o 1 2 3 4 5

N3t EJ?J‘UG]’]SJLL‘LJ’JL@J@??L@ YULAZHUINIRINAULAU Radial distance (m)

6o o v a ' o 3 Vo )
Lll@iilﬁ]EJuﬂ']EJsLmﬂrﬁLUaEJULLUa\‘Iﬂqiu@UU'V\]wLLﬁWQ"L@](ﬂﬂ () miLﬁt’JgﬂLLmad

E‘U‘V] 7 u@ﬂﬁ]’]ﬂuEN‘W‘U’J’]ﬂ']ﬂ’]iL?lEJEUIULLU’JGNQ’]ﬂﬂULﬁu Eﬂﬁ 5 ﬂ’J’]EJE%JWUﬁ‘i%‘WJINﬂl’m'ﬁl,a‘EJEUfTULL‘Ll’JLLﬂ‘u%’ﬂﬁ

fa a = v v A a ! 1< ' al
Lll@iil,ﬂEJUﬁ]uiJﬁﬂqﬂﬂﬂﬂaU‘V]LUaUu%WﬂﬂWU’JﬂIULUUﬁU@%V} yodlassadraldenursitlsnsulnalusvasusuion
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Displacement Amplification Factor = 100

25
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Abstract

This research focuses on the development of concrete paving blocks using bagasse ash and calcium carbide
residue as binders, with sand and calcite residue as fine aggregates. Bagasse ash is a by-product from
biomass power plants, calcium carbide residue is a waste material from acetylene gas production, and
calcite residue is obtained from limestone mining. The concrete paving blocks were produced using a
binder-to-aggregate ratio of 1:3 by weight and a water-to-binder ratio from 0.45 to 0.63. The ratios of
bagasse ash to calcium carbide residue used were 90:10, 70:30, and 50:50 by weight. Additionally, ordinary
Portland cement was incorporated at 10%, 20%, and 80% by weight of the binder for the 70:30 mixture.
The effects of using calcite residue as a fine aggregate replacement for sand were investigated using sand-
to-calcite residue ratios of 100:0, 75:25, 50:50, 25:75, and 0:100 by weight, based on a binder ratio of
bagasse ash to calcium carbide residue of 70:30. The concrete paving blocks were hand-formed and tested
for compressive strength at the ages of 3, 7, 14, and 28 days, and for water absorption at 28 days. The
results indicate that the 70:30 mixture of bagasse ash to calcium carbide residue with 80% cement
replacement achieved the highest compressive strength and lowest water absorption. When calcite residue
was used as the fine aggregate, the 0:100 sand-to-calcite residue ratio provided the highest compressive
strength among the replacement levels, although it remained lower than when using sand alone. Although
the compressive strength of these concrete paving blocks did not meet the standard requirements of TIS
827-2565, they still exceeded 17 MPa, making them suitable for non-load-bearing applications. This study
demonstrates a practical approach for utilizing industrial byproducts, reducing cement consumption,
lowering production costs, and promoting environmental waste management.

Keywords: Bagasse ash, calcium carbide residue, calcite residue, concrete paving blocks
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Abstract

This article presents an economic feasibility analysis of installing solar photovoltaic (PV) modules and energy
storage systems for a residential complex of 11 buildings with 220 rooms. In total. The analysis employed a
mathematical model and the Generalized Reduced Gradient (GRG) method to solve nonlinear optimization
problems, by finding the minimum total project cost under specified conditions. The analysis reveals that
installing a standalone 10 kW solar PV module results in the lowest total project cost and the optimal
production capacity. Installing solar PV modules combin with an energy storage system is found to be
economically unfeasible due to the high recent cost per unit of energy storage systems. Energy storage is
applied for using the 100% solar energy efficiency by storing excess produced energy over the demand.The
optimal product of the solar PV module and the energy storage system are 11 kW and 8 kWh, respectively. The
installation of solar PV module has a payback period of 2 years and 9 months, which reduce the consumption
of grid electricity by 23,158 kWh per year, decrease the electricity costs by 99,579 Baht per year, and diminish
the CO2 emissions by 27,790 kilograms per year. While the solar PV module with an energy storage system, has
the payback period in 4 years, with the reduction of grid electricity consumption by 25,689 kWh per year and
the reduction of CO5 emissions by 30,827 kilograms per year. These findings are crucial for decision-making and
policy formulation regarding renewable energy adoption as an alternative to fossil fuels. The key contribution
of this study is the methodology for optimization using an objective function derived from relevant variables.

Keywords: GRG Algorithm, Objective Function, Mathematical Model, Economic Suitability Analysis
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Objective Function (OF) [11] f'a en Fu
fnguszasaruduitusnsadamansdesznounie
Jadumuinguszasalunishndeiiiauduiusiu fe
o yualugawaniatefing
®  YUIATTUUANLAUNGI
o alamelunmssuiiunisfings
o alynedupaenszeznalasanms
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Tagturesiu fuualvlasinisiiszosnannidueiy
voslugaiwaauasefinedie 25 9 iteruaaimunulunis
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OF=(capPV*ccPV+capPV*ccACS
+capPV*ccISTL+capB*ccB
+capPV*ccIVT)+((capPV*ccMT

+unitEL* etariff) *PV)- (4—)
(SV*( capPV*ccPV+capPV*ccACS+
capB*ccB+capPV*ccIVT))

LY,

capPV Ao MasmEnvedlugafinensinae (kw)

ccPV Ao muulugaaauaIR Ting (UI/KW)

AUNUAIRUNTURARAITTUY (UIN/KW)

ccACS Ao
ccISTL Ao AUNUALTIAAG (UIM/KW)
cclVT fio ALYUBUIDINDI(UIN/KW)

capB fio GumfﬂsuaqLLUMLmaéﬁGTaqﬂ'liamﬁgﬁ(kW)

ccB Ao siyunuﬁuamumm%" (U/kw/Q)

ccMT Ao punuAIgesnY (Un/kw/D)

unitEL Ao murenslalivia (kwh/D)

€tariff eh) é’miwﬁﬂwwu%mr;ﬁﬁu‘%mi‘mal%lﬂw
(Un/kwh)

PV fio gamﬁwﬁmaﬂmqmﬁ

SV eh) adaﬂ"]szm

Tun1siuinganisiunasalasinisesdduysidy
alyaenndnaenlasinisiemesiiaud sty
yan1Y99Uu011AT9A1S Present Value (PV) 1ann
U [19, 20] ﬁaé’mfléau%amﬂamﬁuaqmzLLaﬁuaﬂ
Tuewranlueg luyantagvud sgaelaaiuise
Wisuifsumsamurdenseuaiuanlusveznanadla

AIANNITN 5

ve_C (5)
(141

g PV = yanrdaqlu
C = NSTLaRUaANLLBUIAS

r = 9NIEIUAN

t = 9anan ()

Avusludauufgiulun1sAmuummsem 1

A151991 1 amgﬁgmmﬁmmwmmmmmzam

LLawunuiumﬁm&fwzum%aa LA AYLAY

STUUANIAUNG U

doya auyRgIY 81984
214lATINT 254 [21]
ﬁuuv;uimaavnaéua&mﬁmé 30 UI/W [21]
Sunesnes U [21]
-Huawei Inverter 5kW 3 Phase | 35650
-Huawei Inverter 10kW3 Phase | 58150
-Huawei Inverter 15kW3 Phase | 64420
AUYULUALADS 20,000 VKW | [21]
Sasenlaivi 4.3 U/Muae [22]
AAnda 4000 VIW/KW [21]
ﬁws&auﬂwqq 50 UIN/WHS [23]
mqﬂﬂmﬂumsamﬁa 500 U/ [21]
yanen 1% [24]
Discount Rate 6.25% [25,26]
Battery Efficiency 60% [21]

P @ a & P !
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5v83lAsINslnedngUuszasnvessuideinenisiv

yan1511velATINISAfandaziianuminzanlunig

\ATEgMAnS falandlugun 3

Total costs
7’

Economic
optimum
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Energy consumption after retrofiting ——»

UM 3 uRugduaninisusziliumawanveddugaigan

Y Y

wasaRngkarIuInsEUUiMUNSIuRialuane s

fflan 71 Felius et al,, 2020 [27)
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fAanUsdnAgy
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o

N ¥ Y] a o ¢
LN EIVDINUNITLUA HULUAINAANT

YaA1510Y09lATINTITA B MG INT AVBIUHING 191U

WANBTINY LAZIUINVBITTUUANLAUNSIUNRAGT Tuns

PIANAININLEEUVRIFUNTUIINYID GRG [2] Liawnud?
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wUsia 2 daluauns wazasuulasiuusiidos 5 U
wugafisiigavesyamsiulagsnis wazazslmsumds
Hanvedluga uay yuIAresTEUUAnAUNd I uAivangas
Tumaasygaans Mniuisdunssosnafunulaed

JreEIAIAUNY [20] AWINAINENNTST (6)

yan1dagiuvesszuy

weglimAuu = %ahwwﬁmuﬁﬂswﬁﬂﬁswﬂ
2.6 N15AATIZHNIAIIUIZAUYDNTZUURNER W
WANIUUAIDITNIUDE ST UUAMAUNSIIUN 1F U
iarygmanseRnafsunanguLuuNill GRG.
(Generalized Reduced Gradient) [2]
9an9354 GRG (Generalized Reduced Gradient)

Jumadadilelunisiuamenanumnyau
(optimization) IG]EJLa‘W’l86]EJINEQJIﬂuﬂ’Wiﬁ’]F’]IWﬁé’IE‘]IWU@G
Manduiivesidnlugunuuiivanvanedeiidudaan
(inean ieluiduid e (nonlinear) @ stnnulunis
FuIuMNAdnAEnswazifnssy Tnglanizdmsu
ﬂmmﬁﬁﬂﬁi’fuuaﬁaﬁﬁmmﬁLﬂuL%ﬂLayu (nonlinear)
Imaﬂﬂsﬁmum&wﬂﬁﬂuﬂqﬁﬁi’fu ?jwﬁummimhwfﬂqﬂ
furn1anuTulaely n1sUszunan1AuTuYes
Minunazrodialagleds 1w mameyiusvestendu
wazduanarluuparseurasiauUsidulumuvesiin
Avllumasedinulsie Mamanvessaauaseanding
wazvwavessruuAniundnulnenislaiansaumily
AAMaT munzay WU I35 eun axvglaenis
WasuiuUsiidvuaaunagiunamugn wu $1uu
souiiiimun viieislonsivdsuuiaseslanduTngsinn
veennAimun Tneazvilimsunavessaudsiivinla
Lﬁmﬂmeﬁwqm uaznavesiaLlsoaasunUaseaniy
auvesATT LR

GRG Lﬁjufg%‘mﬁ‘ﬁ'mmgﬂuﬁm%’umﬂmuﬂzgmﬁﬁ
WanduingUszasnuiovosdailidwdaaudums
\AsugAans taef velaseuves GRG ilewieuiuds
Bu e

1.) W3suiguv Linear Programming (LP)

LP mmzei’m%’m]”ﬁymﬁ'v!ﬂaamﬁl,ﬂul,%uﬁ”u wi
annsadamsudymiiiifndundevesiailududs
el

2.) W3guiisuiu Newton’s Method: Newton’s
Method myaﬂﬂ’limiﬂ"ﬁuam Hessian Matrix & 1914
ﬁﬂ%ﬂlwiumiﬁmamqq Tngtanizdasuiudauys
\WWUTUGRG flUszans amunnnaludym i ddauys
Snunntevesindueu

3) W5BULBURU Stochastic Methods (b
GeneticAlgorithm,SimulatedAnnealing)  Stochastic
Methods Snimsngaufudaymiiiiu Non-convex n3odl
Wendudiluanansam Gradient laeegnslsfiny GRG
szsnsuazuiugndmiuymiinenduannsam
Gradient 1(5
2.6.1 anslinduingUszasnuazrednin

o

A5198UN5INUITaIA f(x,y) ANvINITMIAUDY

q

v
a ] o

7fidn nguidded gnnivuabiluaunisi (@) laed

9 Y

v
o o A

YONAAD g(x,y) ABIUNAAALAIDITINY LATIUIAVDS
SEUURNIAUNS UNS1UTinoINsRnde Tneaunisily
TunsAuwanIRaEun1sn (7)

minimize f(capPV,capB)=
(capPV*ccPV+capPV*ccACS
+capPV*ccISTL+capB*ccB
+capPV*ccIVT)+H((capPV*ccMT (7N
+unitEL*etariff)*PV)—

(SV*( capPV*ccPV+capPV*ccACS
capB*ccB-+capPV*ccIVT))

Inefidoulafinuuafe gix,y) l0els1@11150AAUA
capB Lo capPV wseaduiuladaunis
Subject to g(capPV,capB) (8)

2.6.2 Aunad Reduced Gradient

ITnguszasalunislanisuseuimua Gradient

q

voslanduinguazveinnn
VE(x) fie Wanduing: Gradient ves f(x)

Vgi(x) Ao yosinlafdu: Gradient vo9 g(x)
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Wednisuseualamuilsiaraglunisaiuin Reduce
Gradient LW oanild LagwinanisnisunUgunilagly
Lagrangian Function L% 857u%¥ 891A alud gun
optimization Inadannisneil

m p
LA = 160 + ) XigiG0+ ) uyhy()

i=1 j=1 (9)
Tae A; way u; wu multipliers 115U a9 bl

LEULAZLTLEURIUAIAU

g.(x) Ao vesriadsaunuulumndu (Inequality
constraint),

h;(x) e vosiTad uauuuumaty (Equality
constraint)

h (%) Ao FAMAINTINTYY (Lagrange
multiplier) dmiuresrinideau

N o d

y A MpuaNTIAsudm i vreINAlLaY

o

p.m A SnuvesIRATE (Fmse)
2.6.3 nM5oUmnAIILUS

nssdinnAriaudslu GRG 1u gradient Aiandli
wae Lagrangian multipliers azsilvmiuasusaudslunis
funnilnasnnasiiuresiialaefiaunissuinnaisa

wUsAI

Xjeq 1= X0 VER (%50) (10)

Toedt akLﬂu‘umﬂ‘uaa‘fmau (step size) firvua

Tuunazsey

Xy Ao Avesiuys X Tuseud K
(ASum)

Xpe1 Ao anvewuds X Tuseudald
fR(x) #e Wenduiinosnisanen

VR Ao LNWBsIASIAEY (Gradient vector)

vostandu R (X) fign X

2.7 UssaNEN NN INna9IY

Lﬁ'amﬂ"]ﬁL‘vmwmﬂmqLﬂwgmamil,g’myaqﬁ
msAnwTasuiuievlnudsUssans annluns
TnEIUNLAITARY WarUSYAVIENMYRINITanNIS
Ty

PV Utilization rate [28] 94186 48'm510151%

Uselgruannszuundsunaionfing lngnannnd s i
lcsiy%’m%ﬂmﬂswmﬁaL‘U%‘a‘uLﬁauﬁ’uwé’amugaqmﬁsxw
anunsananlansAunaeglimsuawssansamlunis

Tanasnuannuasofing Inedaunisaadl

PV Utilization rate=

o Hq 9 4 a ¢
Wa\NTHﬂi%ﬂWﬂINﬂmmﬁﬁuﬁﬂ@Tﬂﬂﬂ

% 100% (11)

o a s a ¢ a yy
‘Wﬁiﬂ‘l‘l‘ﬂiuﬂﬁl“ﬁﬁallﬁﬂ@?‘ﬂﬁﬂﬂaﬂ‘lﬂ

Faarundunuiianle [29] n1sAuIdady
wasulnlvinflanlawelniuinisyavinmasinisanns
Tyndsau wazgaslunisiadulaisadunisasuly
weluladlwunionseniunisiiieUssndandeu Taed
aumsHel

Foanundsnuiianls =
n&aullvinanle

X 100%

wiaulwhilsneunisan (12)

3. NaN13IBUAzRRUTY

3.1 fuiiinsilugaieaduaioing
TunmsUssduiiuiidadsmualmualugaiaa

LAIEITIAY TITTILNNTEMINUNIU1G0E 0,01 WA A

YUIA 2X1 1N wagivualmIug o9 1A uile

Urgasnulugavuin 11uns Avualviiuiiandlunis

Trasnwfivuin 20% vesituiiRadilugawanuaseiing

nauaranuseiiulanunisen 2
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Tnglyvoyanislylnvn wasuSurunisudalunives

Wnansudalih (kwh)
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WUEHNTLUINITUANMMENzaslunsAns el 2

na (HTw)

— I omsuaa i ﬂifﬁ ﬁﬂﬁ
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AULUY Tunsalfadwanizlunawaawaiarinelaaly
3.3 wgdnssun slaaIIUYeINgNUIUINIINGIY GRG Myam1531vedlAsINsficfiganuaunsanile
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AN57197 3 WAASNANITAIWI AN AL I UNSIRARAS

Lawwﬂmaawaamamﬁmﬂ

PV (KW) Electricity Investment | Total Cost
Cost Cost
0 2,105,663 - 2,105,663
2 1,977,440 50,193 2,027,634
4 1,849,218 100,387 1,949,605
7 1,658,930 175,677 1,834,607
10 1,534,166 250,967 1,785,134
12 1,496,481 301,161 1,797,641
15 1,462,028 376,451 1,838,479
20 1,428,639 501,934 1,930,573

Watauusaliina 4an1n15AMU UAYAAITINYDY

lasanisuuansweyalugduuuwnugiaziulnangad

N o

wianzadluniaasygaans Ae IANRNgAveLaY
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o '
N

sulsranasulasinsiesannmnfas winaglysu

amuiauanlivhanaslauey dwanduzun 6

2,500,000
2,000,000
1,500,000

1,000,000

- /

0 2 4 7 10 12 15 20

ulsgnasu(um)

wuafadoTugalAaNLFIAIAAE(KW)

A JulsEnuNNARaA1ATINS

YAAINITAINY

JUN 6 wnugiuaninsusziivnnnlugaaataieniing

nfelyanesiusiian

ImEJﬂ”I‘iﬁW;?ﬁIJJ@JaL"ZIaE;LLaQEJ”IﬁGIEj 10 kw dszeziaan
Aunuite 2 7 9 iwouluaudszans ammandsau
wu11dl PV Utilization Rate = 89.14% wazdadau
wiaulwwdianle = 27.14% Lﬁaﬂwﬁwé’ﬂv\lﬂﬂﬁiu@a
waauasefingaunsonanlafisuiuusunanisly

NaULanIvayalugULUULNUQI Tnsuansiagun 7

WBnanslawaseu (kWh)

nan (HhTw)

—sumnansudaldihannugatsaduasaiviaduuia 10 kW —usunanislaini

'
a

U 7 Mdslwilugawaauatofingaunsandale

WguAUUSUIUNS LY NG 19U

mﬂgﬂﬁ 7 %LﬁmWLLNuqﬁmiwﬁmlv\IW’maa

=

lugatraauaserfing oy laununidnislyndeaud

o
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AzauAquNITLElNNILINNIT 94 % Fevilunsfnd
IN@J@L‘UaE;LL?NE)’]ﬁ(ﬂEjﬂ:limyﬂ‘UI’JEJaﬂﬂI’]I%ﬁ]I’]EJWéJN’]u
lawnnidesutuyaninisamuisilvyaasunaon
Tasensiiign
3.4.2 nadifindalugaisaniasefing :amfussuy
ANNUNEIY

lunsdifndilugateaauaseoriing safussuy

Annunasulagly GRG myan151uedlATIN157e

o
a o v <

figanun Amanzauigafenislufinfassuudaiu

WHNUNFNULTDIINTIAMUARDT S ol JagUu

U

v
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FafuidlyinamniaUssansammeandsaylunism
yuraszuuinifundanulagnislandsnuainiuge
L%aéLLaqawﬁm5‘171'wﬁmLﬁummﬁuadmﬂﬁﬁ;uﬁﬁqm
wia PV Utilization 100% WUA8d@iadassuuinLiy
WEIuUNgsuvLn 8 kKW.azvinlula PV Utilization
99% umsiaiiiofmunluszuuinAungsnuiiauin 8
kWh.uaa 1935 GRG ;ﬂaﬂ'ﬁammimqmﬁﬁﬁwﬁqm
§nafanuan mdandnvoslugaiganuaserfing
Wa suluain 9 kW iy 11 kwred wuan PV
Utilization anasinde 90% TuaziBenvoyasauand

ANURNSNTN 4
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TunaaawaIeTing IIUAUTZUUINAUNG 9

= e E c

< 2§ &3 £

PV Batt % é g é g aé E
= =

(KwW)  (Kwh) €E €& £ E 5
[ [ 7 >

=] 2 a

&

9 8 1510 0.386 1896 0.9
10 8 1471 0411 1882 095
11 8 1.445 0.436 1881 090
12 8 1.427 0.461 1888 0.85
14 8 1.402 0.511 1913 075
15 8 1.392 0.536 1929 071

devdudsaliv, yarinisammu wasyannsmYes
TAssnsuuanstayalugvuvussugfaziulaanged
wanzanluniaasugaans e 907 o daavosau
sulszanuralasnmaiesanmniadaivaglvsuamu

dinwaan ianasiaues dsandluzui 8
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sulsEanasIn(uIn)
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0.000
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adadoTugaLRE LRI IAL(KW)

e G WD (§7ULN) —AANNTAINY (8TULIN)

sulsznunuaaantaTnls (§1uuin)

sU7 8 unugfinananisussiduvuin lugalaa
uasofineifianlyaresiusiiian
Tnon1sfndslugaleaauaseing11 kW seuuin
VUNAIUNAIIUUIR 8 kW fiszeznanduyu fe 4 3
TunuusyanEnimmamdsnunund PV Utilization Rate

= 90.00% wazdaarundaulivinfanle = 30.50% lu

ANUNTTUSINITANTNE N UABTEUU AN UNS 9w o
WMATANITUSUITINNIIWANULUY Load shifting laenns
Isgwé“ﬁmuﬁm%amﬂimaaLszjafc;u,mmﬁm5%ﬂ§%L‘JﬂisU‘Uﬁ’ﬂ
AUNEIaY LLazfdwwé’qmugﬂiﬁ?ﬁ]u%mé}u’m@immﬂixmm
18.00 U -18.30 1. Susguarmukadlunasifouyiiln

amsunslendanuanas Tnguanaiagui 9

Load Shifting

unaunsldwaasou (kWh)

06:00

na (dHhTw)

—hnunmstdlvi
——hinaumufaliihannTugaurasusoainduuia 11 kW
UhnaumstdwihaviuwdsnnldwdsnuannTusalasuasanAaduazszuudnAundoau

SUN 9 MaalnAlunawaaLadeIing LagsEUY

Y Y
o 13

Anfundnundanuasnsonasladisufuusunm
mslonden

13U 9 smtunuuninisudalaivesluga
LeuaéLLaamﬁméagﬂé’Lquqﬁmﬂ%wé’amu%msauﬂqu
nslaluimannan 90 % Tnendsuiimde 10% la
Fualnens91sEUURIAUNE 1Y LAZIENEY
ndslugawasuaseringarendslulavilvlandsny
Mnlugairaauaseniing laquauazannislandsey
nnsalaiuduannsaasassuuiniungany
3.5 9AUs1gRaaNE
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Abstract

This research aims to determine the appropriate parameter values for baseflow analysis of the Pasak River Basin
and to identify suitable methods for baseflow separation. The study focuses on monitoring stations S.33 and
S.4B, located in the upper part of the Pasak River Basin. The BFI+ model was used to obtain suitable parameter
values and to evaluate the accuracy of five selected methods. These methods include four iterative digital

filter methods (Lynie & Hollick, Chapman, EWMA, and Boughton two-parameter) and one graphical digital
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method (Local Minimum), based on daily hydrological data. The results indicate that all five methods effectively
separate the baseflow at both monitoring stations in the Pasak River Basin. Among them, the Lynie & Hollick
method demonstrated higher accuracy compared to the other four methods. Additionally, the optimal
parameter values for both monitoring stations were found to be similar. This research highlights the importance
of selecting appropriate baseflow separation methods and accurately calibrating parameters to ensure precise

and reliable baseflow analysis in the Pasak River Basin.

Keywords: Baseflow, Digital Filter, Digital Graphic
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2.2.2 hyui1ae9 BFl+

Hydro office [3-41 1 uwansduasdmsugnn
engeleningl ssdlmansuazdoyan1aingrmans
Tn® Milos Gregor WuffWauntusn uazuuus1a0s BFI+
ﬁLﬂu%ﬁﬂ‘wﬁﬁ]WﬁLL?%ﬁQﬂWﬁMU’]‘ﬁULﬁ@LLEJﬂﬂ’]ﬂ%mﬁug’m
ganunnsIMLYn Tneduuusiassdiiinisiuaa
deusnmslvaiugulndentd 11 Fdeiu Usenouly
Fau35RanseRdneanuuIngn 8 35 lhun Lynie &
Hollick, Chapman, EWMA, Boughton two-parameter,
One-parameter, IHACRES three-parameter, Eckhardt
Filter, Furey & Gupta kagisnsfinAdnea 3 35 laun
Local Minimum, Fixed Interval , Sliding Interval
2.2.3 m1sUseiiiumanusiue1vasuuuiIasy

NTEUIUNITIUNITUTELT UAINULY UE1UD S
LUUD1889 [3,4,6,7,9,12] 9¢911lagn15N 15 UIAI1N
danAaeanu (Closeness %38 Goodness of Fit) ¥94AN
91Nan1331894 (Simulated Result) wazardaLnndi L
finstuiinlivderifiniuass (Observations) duinay
WlnemsasadeunsiindonIouiiouaisda e
a18m1 (Visual Inspection) WagN1SAIUINA 1A
Annann (Error) S5W3N9AIINLUUI A0 IAZAIELART]
ind uase Taeldinaninisussdud sussdns aan
(Efficiency Criteria) 3 slunsinwillddadenun 3 38
oldluenase dll
1. Nash-Sutcliffe Efficiency (NSE) (Nash and Sutcliffe,
1970)

Ao assyifideuldlunisuenAiauwiugives
WUUT1a04 (Model Accuracy) wipUszansnunuseandua
Y89LUUIa0d (Model Performance) Tun1sanangiy

ANNIABINTT gAINITAWIUMIAT NSE uansegluauns
n (6)

Z?=1 (Qobs_Qsim)2

NSE = 1 B Z{l=1 (Qobs_Qmean)2 (6)
e Qobs = A1dunn (Observed Value) i
dlo i fif1egz1Ing 1 flan
Q,, = AAMAAZLAINKUUTIADIVES

AN Qobs

Quean = AaAeves Qs

2. Root Mean Square Error (RMSE)

flo Andeavuiddenndonnvierraned oy
Adsaeuadssin Wuniduasansinanuduiusedng
TndFauaglduagunin1sinANULANAINIERINA1DT
wioAvhuel3Tu ot sduanf danaldnios
Uszanauanludndunils gasnisduaumen RMSE

wainsagluaunisi (7)

obs ~Nsim
RMSE = 1 — Y2Qobs=Qsim)® @)

n
el Qs = fdunn (Observed Value) 7ii
o i feogsening 1 fan
Qsim = AIAIAAZILAINLUUINADIVDY

i1 Qobs

3. Coefficient of Determination (R%)

fo Arduuszanslunisinaula nunededndu
fisulsdase (0 aunsaesuenisdsuulaeinls
anal (Y) 16 T R qedfinegsening 0-1 a1 R lng
1 wanddn X @nsaeSureniswisunlasves Y lduan
g1a1 R 191lna 0 wamed X @a1u1saesunenis
Wasuwawea Y Ifdes gnsnisuinmen R wans

a&ﬂuammi‘ﬁ (8)

2_q_ SSE
R™=1- SST ®
o SSE = ¥,(Q,.-Q,.)°
2
SST = ?=1 (Qobs_Qmean)

2.2.4 35m3

1. usiuteyaaninsratnvinianualugu
ihihdnuasdndonanifingratatsanvhnsieses

2. vhnsuusdeyadruiutneidedlunsazanii
saniduaesdiu [3-4] Inedruusnlddmsunism
Amnsinesfivanzauiian (Calibration) Jednidu 70%
oo wazdufiaeslidmiunsnsaaiigat
Arwsdnes (Validation) @ sdaidu 30% vosdrund

NG
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o v ¥ ) ~ o Ay 'Lsﬂ‘a.o-mm-zmw — o X
3. UNU81aUMNI1YIUVBIFNUATIVINNADINTT Ml Y
] o Frocessing | Gah Wikdow Help
! . . ' o a v ° ' E'B@]BE@‘QE:L@D
Tugqu Calibration 91 3 ataseuliurmuImian 5 1. ot Slotion B T
5 ;": T P"DF",’::DW' D 00027 0.002
) = Yaa o acimal 2/4/1998 1.3300 0.008 0.006
Baseflowluluud1aes BRI+ lnatdanlaisnisaiuie Dk £ dem m  om o
ST 2 b Ty 4/4/1998 14700 00188 00128
535 lown Lynie & Hollick, Chapman, EWMA, Boughton 5/4/19% 17300 00251 00145
6/4/1998 1.8700 0.0322 0.0172
- [ gj o 7/4/1998 2.6000 0.041 0.0158
two-parameter ¢ Local Minimum #8931AUUNING sanem 1w o0 00265
| ' N 9/4/1998 1.6000 0.0566 0.0353
o ! S L e LS o = 10/4/1998 1.3300 00622 0.0468
Ysuisuamndwesiielanadnsimunzauiianlu i 19 e L
' A o ‘d' 12/4/1998 1.3300 0.0723 0.0544
321350 ] LLﬁﬂﬁﬂﬁi‘U‘Vl 4-5 Apha 13/4/1998 1.3300 0.0773 0.0582
Y Rec_uisive' Digital Filter - BFLOW - 14/4/1998 1.3300 0.0824 0.0619
bynie Hohek oarttn - Plter o 15/4/1998 13300 00873 0.0657
Parameters Calibration = (=] X Filter: RDF -BFLOW -Lynie Holick Algorithm 4
ii'::.';’.,"mn“ Legend s 2 & °
— = O — G JUN 5 nswenUsinanisivaiiugiulaeuuudnaes BFl+

"] P83 Lynie & Hollick

80

4. yinmsieseidsananisinaiiugiu (Baseflow)

60—

i, warUszifiuAmnuusiugesdoya nelduTuanivh

- vosaniinsatalutismauds (unsdfiuguiadn

] ' fvualnfuiRoungeimeuiafeouiiuiny) 1WSsuiiey
— - \ fuvsinmumslvaiugu (Baseflow) luraaiandeaiiy
U 4 msviuifisudmniimeslasuuudians BFi+ 728735 Nash-Sutcliffe Efficiency (NSP), Root Mean

Square Error (RMSE) wag Coefficient of Determination

ASEUIUNSUS U UAINIS10Was[3] dlataan ,
(RY)

JeyatinasungaIneuiuaeuiuadluiaazdunly . o 3 3 .
R L L a o o 5. diamsfiweslalulinaaeudeyaludiu
Aasgiissnnduisafniiluandesvielidcunn D oa v Y

. - %, w o Validation Mn3euld lagn1suntduuudiass BFl+ uay
LDEALERNY USUIUUIMNTIEIADULRAY 18ULaRY uag . o p Do 2.
D - o e A y . lAmsilwesnmangaunanvosuiazis 2nuuinig
Yrufoungadnieudwiouiiuiaud wduduuves - . P -
- ¥ o d. FimsieiuTutunisinaiugiu (Baseflow) waguseiliu
Yinaumsivaiiugnu ladannsed 1 . e e 4w

z 5. , o . e ANANUNUYIVOIUDYABNATY
lugumauilagyinisteurmisiwesvourazis . L D

Y o . ¥ . 6. ¥1N1TLUTUULNEUAIAINNLN UTIUD Y
TngldAmsdnesannied 2 [3] Wukwinislunis . o g T - .
o R ATNITLADINLANIZENNEAYY 5 10 VDIANIUATIAIN
nAaoUTUAT (Trial and Error) uazasneaailowdulag Yy o . -
wwhudnhlulmsgiasunanisiinm

=

vosunanisluaiiugiufidunald duduas) Tndlaes

v
v v Y Y o o

futuidulAeaUSuanNsanvue (Eudtineu)

A1519%7 1 dnduUSuna Baseflow Wguniuuvin

. Yumuihvinseidauiaie (€Ms) Guwthin  Guanslvaiugn daduun
annil . ,
. Uidnwn swiliady (e fedia) Baseflow Ligufiu
751990 5 5 %
we.  wea.  fle. nA. AR N8, AA. We. 5.A. wA. AW da. (€M) (€M) S (%)
S.33  2541-2560 43.92 9752 177.83 30527 571.90 840.23 382.56 137.92 96.08 7453 5578 4891 2,832.45 413.22 14.59
S4B 2506-2561 3817 22655 260.51 645.88 1,171.87 2,488.35 1,524.50 27126 11441 3824 3261 2323 683558 479.75 7.02

M990 1 wansdagrulsnaminedowadsginisungainieuiuisuduauiisuiuiniisslieasdmsu
anilnsain 533 wae S.48 Wesnnnsfinwilldvhnisidendeyatisiananuildieset Wweludumuweswsdiin

Usinaunsiviaiiug auiiudndsuna Baseflow vevia 2 anfingiadn fdnedestfl 10 % vesUSinaniwingiuiad

Ui 10 avvdl 1 unsrmu - Agurey 2568



RMUTL. Eng. J

158159AINTSUAIENS UN1INg1aenAlulads1vuIAaa 1YY

AN 2 FANVBINIITLHBS

Filter names

Range of parameter values explored for each watershed

k C a N f

Lynie & Hollick
Chapman
EWMA
Two Parameter

Local Minimum

0.961-0.985
0.988-0.993
0.011-0.015

0.961-0.989 0.017-0.022

4.0-14.0 0.90-0.95

3. Wan133LuazanUIe
nsnwidldsidumaiietmuadmniines
fimnzauvewia 5 33 lnglddayauiminae fuludas
gauas Gheungadnieudaaeuduiny) Tuusazd
AMISIEABTYNAILINIINATEUIUNITNAABIUTUAT
(Trial and Error) wagzAmsdines i ldannnisasy
Wisuluusazd (Calibration) gnldidunisidmes
dmsunisniaaeuANgneel (Validation) sald
dwduguintndn wudisanndasata 5.33
wag S.4B usazifveinisinsiviiviutunisiva
Aufigiu damsdinesdansomaisyauazu
#efu TngArmnsiimesimngauiignazuandlily
A13197 3 HanNsAnEINITIIATIEAUT NS Ina
fluguresanningate 5.33 wae S.48 Feagluiui
quithdneeuvy Taglduvudians B+ Baeluns
fuIe NadNSvewte 533 1aun Lynie & Hollick,
Chapman, EWMA, Boughton two-parameter L& e
Local Minimum ﬁ]zl,l,amiugwamswhfwh il

SUM 6 - 7 wanslmdiudanisuenyUsununisiua

Y

3

o
~ o

NUFIUNQ 5 35 ¥09an1n53390 S.33 dusudaeIan

v

ALAY A 2551 D9 W.A. 2554 (Calibration) wag W.a.

2557 99 W.¢. 2559 (Validation)

20

120

Dischargs (CMS)

l u )
A,
LJ- m*; ﬂULL U L

2tonizn
Date (Day)

JUN 6 wan1sAnwIn1suenUIuIansinai ugIung

Y

535 U09d01HUATI9IM S.33 (Calibration)

2

Discharge (CMS)

KUXL_W N L \ LY

St S

@
0 i dﬂ

0310912013 010512014 2712:2014 24108 200412016 16:1202016 131082017

Date (Day)

a

UM 7 wansAnwinisuenuIunanisiraiugiuna

e

5735 v09d011n53990 S.33 (Validation)

'
P

U7 8 - 9 uansbiiudenisuenuiuiunisiva

WUFIUNT 5 35 vesan1ingi9n S48 dwmsuriaan

v

fawsit w.e. 2551 89 w.e. 2554 (Calibration) wag w.a.

2557 919 W.A. 2559 (Validation)

Discharge (CMS)
g

0 ; v
05102007 01062008 27012000 24002000 22052010 17:01:2011 Tus012 000112013
Date (Day)

U7 8 wan1sAnwinisuenyTunanisiuaiiugiuns

535 U09d011n57979 S.4B (Calibration)

Discharge (CMS)

cane2013 0110512014 2410812015 201042016 161122010 12082017

Date (Day)

U

UM 9 wan1sAnwinisuenUIuianistraiugiuna

5735 v09d011n573379 S.4B (Validation)
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a15197 3 LLamaﬂ'WWﬁWﬁLmai‘ﬁmmsamﬁ'qm
dmsuaningiain S.33 uay S.4B eduAarionns
aniuInA s dnesueans 2 aoniinsaatadan
TnélAe ey

AITNN 3 AMITRO TN aNTIER

d@n1ll  Lynie & Hollick Chapman EWMA Boughton two parameter Local Minimum

n32390
a a a k C N f

$.33 0.996 0.995 0.004 0.985 0.01 6 0.94

S48 0.986 0.993 0.005 0.999 0.003 5 0.81

A5 4 - 5 LARIKNANITIATIZAN AR RveIA
Nash-Sutcliffe Efficiency (NSE), Root Mean Square Error
(RMSE) wag Coefficient of Determination (R%) @1%5u
aonflnsatn 5.33 ieldnsreaeurnuwiugvesusday

3571599 Calibration wag Validation

A15197 4 A1 NSE, RMSE way R? 9esannilnsiain .33

(Calibration)

Boughton
Metode Lynie & Hollick Chapman EWMA Local Minimum

two-parameter

NSE 0.9974 0.9649 0.9975 0.7288 0.8546

RMSE 0.0264 0.1719 0.0264 0.5732 0.4166

RZ 0.9978 0.9681 0.9978 0.9056 0.8965

mi’mﬁ 5 A1 NSE, RMSE e R? 0@ ing393m S.33

(Validation)

Boughton
Metode Lynie & Hollick Chapman EWMA Local Minimum

two-parameter

NSE 0.9922 0.9437 0.9922 0.6630 0.4780
RMSE 0.1279 0.2796 0.1277 0.5855 0.9166
R 0.9941 0.9684 0.9941 0.9152 0.7505

AN5197 6 - 7 UARINANITIASIZAN1 AR Avede
Nash-Sutcliffe Efficiency (NSE), Root Mean Square Error
(RMSE) wag Coefficient of Determination (R?) #1su
aonfinsatn S.48 iieldnradeunnuulugiveusas

35n15919 Calibration wag Validation

M5997 6 A1 NSE, RMSE wae R? 9psannilnsiatn S.4B

(Calibration)

Boughton
Metode Lynie & Hollick Chapman EWMA Local Minimum

two-parameter

NSE 0.9960 0.9518 0.9848 0.9613 0.7831
RMSE 0.2507 09212 0.4758 0.8095 1.9687
R 0.9974 0.9726 0.9930 0.9816 0.8529

M15797 7 @1 NSE, RMSE wae R? 9psanniinsiatn S.4B

(Validation)

Boughton
Metode Lynie & Hollick Chapman EWMA Local Minimum

two-parameter

NSE 0.9986 0.9628 0.9784 0.9329 0.6475
RMSE 0.0659 0.3427 0.2552 0.5493 15873
R 0.9989 0.9801 0.9863 0.9628 0.7436

PNNANIITNABDIILLAUI N UNTINVDIUT U8l
nslvadiugludrafoungainieuiafouiiuiay
fanlngResiunsrhimitmesuiivhldieszs uand
Tuindsinanimilugananiurendulsuans
lwaﬁugmﬁmm WAZAINANTNNANITIATIEINNADA
3% Lynie & Hollick iU 35 EWMA fannuusiugnlnalfes
fuluganiinsratait 5.33 1 Calibration waz Validation
Wi 39 Lynie & Hollick daauusiugnaunnnin 38 EWMA

Tuanniingiaindi S.4B 1 Calibration uag Validation

4. unasy

NHANISANYITI9AL amsaaguladn 38013
Waa 5 33 WaIsfnsemIneaLUUTE LAy Isns i
f3nea awsousnnisinai ugiueanu1aIntei
5187uld Lagds Lynie & Hollick @1unsansnnisiva
Wuguldanin358ug 8n 435 sis 2 aandasada

'
=

asnnuadnsiildannnisnsivaeuauLtuE 1o us
az38lveeenuAfian Aan1dngiadn S.33 uay S.48
A1uENsU fai A1 Nash-Sutcliffe Efficiency winffu
0.9922,0.9986 A1 Root Mean Square Error 111U
0.1279, 0.0659 wag A1 Correlation Coefficient 1Ay

0.9941, 0.9989
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a a
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o o
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