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Preface

Rajamangala University of Technology Suvarnabhumi, in associating with National Research
Council of Thailand, Upper Northern Research Network, Office of the Higher Education Commission,
Office of the Minister-Ministry of Science and Technology, and Other eight Rajamangala Universities of
Technology, organized the 6" Rajamangala University National Conference with the title of “Technology
and Innovation toward ASEAN” during 23 — 25 July 2014. The purposes of this conference are to provide
an opportunity to present researches, technologies and innovations to society, bring together researchers
and scholar for learning sharing, discussing, and forming research network. This could direct the
development and creation of research which ultimately lead to the economic and social development of
the country.

This conference proceeding has collected full research reports from both oral and poster
presentations that

presented at the 6" Rajamangala University National Conference. All articles were double-blind
peer reviewed by professional committees in each field before accepting. We hope that this proceeding
will be useful for learning and referencing in academic purpose.

On behalf of the conference organizer committee, | would like to express gratitude to researchers
and scholars whom sent articles for presenting. | thank all participants for their sharing experience and
opinion which helpful for research development. In addition, | feel gratitude the assistance of reviewer
committees for their qualified article evaluation. The commitment and dedication from conference
organizer committee is also my appreciation. Finally, | thank all firms and sponsors for co-hosting this

conference.

Associate Professor Dr. Kitti Boonlertnirun

Editor






Proceedings of The 5" Rajamangala University of Technology International Conference

Table of Contents
Engineering and Research Industry
Is Amodel Sculpture Crucial When Crieating a Sculpture?
By Chaichan Jantasri
Study the Sculpture Work of National Artist in Visual Art (Sculpture) to Apply in Creating the Work
of Sculpture in Individuality Style
By Chaichan Jantasri
Discontinuous Automatic Control of Simulated Controlled System for Undergraduate Control
System Instruction
By Preecha Sakarung
Optimized working conditions of Thai-made Irrigation Pump by Response Surface Methodology
By Benya Kasantikul Santi Laksitanonta and Winai Bodhisuwan
Micro hydropower : A review
By Orawan Jantasuto
Eco-friendly Used Water Production using Natural Coagulants
By Pathumthip Prabphane and Khanittha Charoenlarp
Solving the Relativity and Performance of Transmission Line Model with Computer Program
By Wanchai Khamsen
The Analyze Designs and Development application Oscilloscope Program interface via Android
Operating System.
By Pichate Sujintawong Wacheerapn Kaewprapan and Surachai Suksakulchai
Curve Fitting by Computer Programming for Interpreting Soil Mechanics Testing Results
By Chusak Kereratand and Suthon Rungruang
Dielectric Barrier Discharge (DBD) Ozone Generator Using a Single Switch Flyback Inverter
By Surachai Jodpimai, Veeradate Piriyawong and Pichet Limsuwan
Development of Mechanical property by Agricultural Waste, Bagasse Ash, for Portland blended
cement
By Piyanut Muangtong and Duangrudee Chaysuwan
Use of Fiber Reinforced Composites in Civil Engineering Applications
By Thanongsak Imjai
Study on the Effect of Ultraviolet Light to Reduce Ozone Concentration
By Sutee Leejongpermpoon
Segregation of Pattavia Pineapple Juiciness by Microwave

By Wanchai Khamsen Chuthong Summatta Chiraphon Takeang and Eakkathas Pruksawan

13

24

35

45

53

59

68

78

91

101

110

121

129



Proceedings of The 5" Rajamangala University of Technology International Conference

Table of Contents (Continued)
Science and Technology
Synthesis of biodiesel from Irvingiamalayana seed oil
By Usarat Kumtabtim and Atitaya Siripinyanond
Diversity of macroinvertebrates in the Wa River, Bo Klua, Nan Province, Thailand
By Patchara Nithirojpakdee, Chaowalee Jaisuk and Tharatep Sukkong
Transmittance of Solar Radiation due to Absorption by Precipitable Water Vapor in the Atmosphere
By Sayan Phokate
Concentration Effect of Solution on ZnO Hexagonal Nanorods Synthesized by Aqueous Solution
Process

By Daw Yangnoi and Puenisara Limnonthakul
The Investigation of Four-Wave Mixing Correlation of Entangled Photon within a Fiber Ring
Resonator by Using Squeezed State Representation

By Chatchawal Sripakdee
Evaluation the physico-chemical properties of surface water and sediments: A case study of Klong
Prem Prachakorn, Thailand

By Varinthorn Boonyaroj
Community participation in the study of biodiversity of mosquitoes at Khuan Kreang peat lands,
Kreang Sub-District, Cha-Uat District, Nakhon Si Thammarat, Thailand

By Suppawan Promprao
Increasing of sperm viability of Thai medicinal plant recipes from “Pet Nam Eak” Thai traditional
medicinal book for male infertility

By Korawinwich Boonpisuttinant, Orathai Sarakul, Yupa Khongprik and Usa Sodamook
Awareness and Behavior on Mobile Phone Hazardous Waste Management : A Case Study among
Youth in Bangkok Metropolitan

By Mr. PrayuthSuwansri and Asst.Prof.RadchaneePiwthong
Antiviral properties of extracts from Abutilon indicium (Linn.) Sweet

By Niramon Worasith and Bernard A Goodman
The development of products which made from Fiber-Herb paper

By Nadda Angsuwotai

Information Technology and Communication Arts

The Development of Item Bank Software Framework

By Piya Thirapanmethee and Pallop Piriyasurawong

136

142

148

156

162

171

178

196

206

218

227

232



Proceedings of The 5" Rajamangala University of Technology International Conference

Table of Contents (Continued)

Information Technology and Communication Arts (Continued)
The Synthesis model of knowledge management system in the information technology 246
services higher education
By Watcharin Warinthaksa Montean Rattanasiriwongwu and Monchai Tiantong
Sirindhorn Building, Rajamangala University of Technology Rattanakosin: Visual 260

potentials and Building Space

By Tanapon Worachat and Patan Yarnkoolwong
A Study of Association Rules for Recommender System of Computer Science Seminar 271
Topics Using Frequent Pattern Growth (FP-Growth) Algorithm
By Uraiwaninyaem Nongluk Promthong and Piyanan Teabsornchai
Factors Affecting the elderly using computer in Phupieng District, Nan Province 281
By Suksawan Khamwong Sittichock Janratanasiri and Metta Talaluck
Developing Executive Information System (EIS), a Group of Agricultural Cooperatives: 289
a Case Study of Agricultural Cooperatives in Songkhla

By Wanpracha Nuansoi Aroonrak Tunpanit Nampen Promprasit Ammonrut Rittidastand

and Wandee Nuansoi

Economics and Business Administration
Factors Influencing Retention of Staff at Rajamangala University of Technology Suvarnabumi 308
By Laddawan Someran
Tantanot (Palmyra Palm in Phetchaburi)...Crop for Creative Economy: 317
A Case Feasibility Study on Potential and Creations for Economic AddedValue
By Adhisiddhi Nujnetra and Nipol Ekudom
Customer Satisfaction on Social Network: The effect of Website Reputation 326
and Website Design
By Wannarak Junphen and Huaykeaw Nantaporn
A Study of Problems of Paying Personal Income Taxes of Rajamangala University 335
of Technology Suvarnbhumi’s Personnel

By Surachai Am-ugsorn

Education and Social Science
Reflection on Language Program Development via Practical Inquiry Lens in the Contexts of 346
Australian and Thai Institutions - Different but Alike -

By Phongphan Sakarung



Proceedings of The 5" Rajamangala University of Technology International Conference

Table of Contents (Continued)

Education and Social Science (Continued)
Media Exposure toward Social Responsibility of Students in Government Universities in Bangkok 359
Metropolitan

By Chantana Papattha and Nuttapol Sumataticom
A Comparison of Learning Achievement via Computer Assisted Instruction of Undergraduates 366
with Different Learning Styles

By Benchaporn Sawangsri
Comparing Blended Learning with Traditional Approaches of Professional Teacher and 374
Knowledge Management for Teaching License Applicants

By Nudchanard Pongput and Rungaroon Porncharoen
Readiness for Joining the ASEAN Community of theStudents at Rajamangala University of 380
Technology Isan, Surin Campus

By Kritsanut Methawinchayud, Siriruck Foster,Supapan Pabu and ChaisriSriprom
The Development of Web Creative Intelligent Tutoring System 391

By Pinanta Chatwattana and PallopPiriyasurawong
A Development of an E-Book on “Writing English Expressions for Business Communication” for 403
the Students of Rajamangala University of Technology Rattanakosin

By Woraphorn Sunthornwatanasiri
The Study on Reading Comprehension Utilizing Intensive Reading of Simplified Stories, St 420
Theresa International College

By Yongyut Khamkhong
Behavior in Laurel clock vine (Thunbergialaurifolial) Used for Reduce Toxic Chemical Residues 434
in Blood

By Kraisr iSrithupthai, Sineenart Sriling and JittitaPisuwan
Understanding of Science and Technology towards Society and Problem Solving Ability in 439
Science of Undergraduate Students using Learning Activities based on Science Technology and
Society Approach (STS)

By Worawat Tipchoi

Agricultural and Food Industry
Effect of the drying methods on antioxidant properties from ripe Carissa carandas Linn. 449

(Ma nao ho) fruit power

By Kannika Huaisan, Ho-Hsien Chen, Chao-Chin Chung and Channarong Chomnawang



Proceedings of The 5" Rajamangala University of Technology International Conference

Table of Contents (Continued)
Agricultural and Food Industry ( continued )
Protoplast culture of Anthurium and raeanum 460
By Piyanan Chomnawang, Piyachat Wiriyaampaiwong, Chanida Yaerum,
and Channarong Chomnawang
Effect of Varying Concentration of Dietary Metabolizable Energy and Calcium-Available 469
Phosphorus Ratio on Productive Performance and Egg Quality of Laying Hens in The Late Phase
of Production
By Keatisak Soisuwan and Nantana Chauychuwong
Effect of Rice Leaf Cutting Length on Rice Yield 474
By Chaweewan Boonreung and Kannika Marsom
Use of Soap pod; Acacia concinna (Willd.) DC. crude extracted as natural adjuvant for wood 482
vinegar in insect pest control
By Yanyong Chalermsan
Miso Produced from Different Thai Rice Cultivars: Physicochemical and Sensory Characteristics 487
By Supojjanee Intaramoree and Ni-orn Chomsri
Growth, Yield and Yield Components of 4 Dark Red Roselle Cultivars 496
By Ratchata Tonwitowat
Effect of Germinated Brown Rice on the Characteristic of Steamed Chive Dumpling 503
By Nittakan Praditsrigul, Tosporn Namhong, Wijitra Liaotrakoon, Siriwan Suknicom,
Sunisa Sueasaard and Washiraya Thanyacharoen
Effects of different kind and concentration of carbon sources on secondary somatic embryo 510
formation and germination of oil palm (ElaeisguineensisJacq.)
By Sakulrat Sanputawong, Sompong Te-chato and Sorapong Benchasri
Consumer Study of Mulberry Wine Fermented by Saccharomyces Yeast Co-Inoculation 519
By Ni-orn Chomsri and Thirawan Chanrittisen
Stability Analysis of Six Super Sweet Corn Cultivars under Chemical and Organic Fertilizer 530
Growing Systems
By Pramote Pornsuriya and Pornthip Pornsuriya
Process development of Kanom Jak 540
By Orawan Oupathumpanont
Effect of gamma irradiation on growth of pineapple (Ananas comosus L.) in vitro 549

By Rungnapa changjeraja



Proceedings of The 5" Rajamangala University of Technology International Conference

Table of Contents (Continued)

Agricultural and Food Industry ( continued )
Application of expanded clay as a substrate culture for water cress (Nasturtium officinale)
production

By Sunti Changjeraja, Kitichai Ramingwong, Rungnapa Changjeraja,

Chiti Sritontip and Yuttana Kaosumain'

Effects of Hydrothermal Treatment on Rheological Properties and Texture of High-Amylose
Rice Flour.

By Supawadee Cham and Sukaya Saiti
Optimization of 5-Aminolevulinic Acid, Red Rice Mold and Biomass of Photosynthetic Bacteria
Supplements on Egg Quality in Laying Hens

By Angkana Saikeur, Chamaiporn Sittikasamkit and Chutinut Sujarit
The Use of Tempering and Pricking to Improve Quality of Cassava Drying

By Phanida Busaparoek, Sarayut Singou and Parichat Phutthacharoen
The Study on Using Hydrolyzed Protein from Nile Tilapia By-products in Beverage Products as
Stabilizer.

By Kiatipong Charoenjit, Kannika Huaisan, Nuduan Saraboot and Jittawan Kubola
Effect of Nitrogen Concentrations on Growth and Development of Petunia in Soilless Culture

By Chiti Sritontip, Sunti Changjeraja, Yuttana Khaosumain, Parinyawadee Sritontip

and Kanyanee Khrueasan
Performance of a Low-Cost Direct Passive Solar Dryer for Pineapple Drying: Case Study of Cha-
am District, Petchaburi Province, Thailand

By Phisit Suvarnaphaet

Peer Review

554

559

570

586

594

598

605

610



Proceedings of The 5" Rajamangala University of Technology International Conference

Engineering and Research Industry

Is Amodel Sculpture Crucial When Crieating a Sculpture?

Chaichan Jantasri'

Abstract

The objective of this research project is to study whether a model sculpture is crucial when creating a sculpture.
The finding will enhance the improvement of the course syllabus in sculpturing field at POH-CHANG Academy of Arts,
Rajamangala University of Technology Rattanakosin. The tools used in collecting the data was two questionnaires each
containing two parts. Part one asked about the autobiography of the selected sculpture experts; the other part described
comments of the freelance sculptors and experts who have expertise in sculpturing and who teach sculpturing art.

The research results show that the comments received from the academics, teachers and freelance sculptors are
all relevant; that is a model sculpture is crucial when creating a sculpture, scoring 91.67%, and a small-scale model
sculpture is also needed before making a sculpture, scoring 95%. The reason is a model sculpture helps define the
targeted piece of art for the sculptor. It interprets and illustrates the sculptor’s imagination. It also facilitates the alteration, if
any, for any mistakes can be seen and corrected in the model sculpture before the start of the sculpture. This is helpful for
both the sculptor and the hirer. The model sculpture not only represents the planned sculpture but also assists the sculptor
to achieve the work better. This is relevant to Mr.Komsun Kumsingha's interview which stated that model sculptures helped
him calculate labor and equipment costs involved as well as make a more precise time frame for his hirer, which is
considered as valued added and means for sculptors’ reputation.

Keywords : sculpture, model sculpture, mold

Introduction

The evolution of the works of sculpture in Thailand is happened constantly.The research on
archaeological discovery have been widely conducted such as many valuable sculptures of ancient
archaeological sites including Dvaravati, Srivijaya, Lopburi Chiang Saen, UThong, Sukothai and
Ayutthaya. It is considered that those sculpture works are seen as the cultural heritage which ancestors
have created consecutive succession down from generation to generation. Works of sculpture in the past
which were seen as valuable to the history, archeology, philosophy, culture and way of thinking made the
people aware of the environment, way of living, religion, economic society and poalitics, etc.

Her Royal Highness Princess MahaChakri Sirindhornhas strongly paid attention to cultural heritage
with the perseverance and intelligence in performing royal duties in disseminating and promoting the
conservation of cultural heritage in all aspects of continuous effort. Her royal grace appears to be
apparent at any time. All artists and inhabitants nationwide can well realize this point. Work of sculpture
is an art in key branch of the fine arts and visual arts that has been used to inspire and encourage human

society for so long from the prehistoric time to the present. The sculpture is the work that requires skills

1

POH-CHANG Academy of Arts, Rajamangala Uninversity of Technology Rattanakosin, Bangkok 10200, Thailand
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and imagination with the combination of art and then it has been converted into a 3D shape which is the
complex process and difficult step to learn. At present various sculptures are also acceptable from
society and market but lack of good creative craftsmen. Sculpture works of sculptor nowadays are facing
the problems with the decline of aesthetic quality, ignoring the importance of learning about the
techniques and processes that have been used by the teachers and then passed them down generation
to generation. Especially, in the field of sculpture works, operation must go through processes such as
data collection, designing and sketching, modeling, making sculpture actual size, printing, and casting,
assembling parts and decorating and painting works respectively. Sculpting model based on draft which
was designed as the line is considered very significant step of creating sculptures. Particularly, in the
process to complete the sculpturing of the scale model before making the large size is considered
extremely important to create sculptures. However, students graduated the sculpture courses did not pay
attention to the process and system of sculpture work as in earlier. As a result, creative works of sculpture
is not beautiful and has not the correct proportions and visual aesthetics or quality as in the past. This
may be the reason of the sculptors that tends to reduce costs and shorten the operation or it may be
because the courses are taught nowadays. Besides, this reason also includes teachers and art
institutions do not pay attention to the process to complete sculpting miniatures before being enlarge the
size of the actual sculpting. Because of the above mentioned issues, students or graduates from
sculpture field did not create good quality of sculpture work for the social service. If there is no solution,
this may affect the quality of the creative arts for society and in the long time, it will affect the aesthetic
value of art and the art market and economy in the future. From above mentioned issues, this research
needs to be conducted to improve the curriculum and learning methodology in order to make sculpture
work to be keep up with the progress and need of society. This is the source of the problems in this

research.

Objectives

2.1 To study whether a model sculpture is crucial when creating a sculpture.

2.2 The finding will enhance the improvement of the course syllabus in sculpturing field at
POH-CHANG Academy of Arts, Rajamangala University of Technology Rattanakosin.

2.3 The results of the research will be publicized at a conference or journal.

Methodology
1. Population and Sample
The respondents are the population who have knowledge with expertise in sculpture field and
have to graduate at least bachelor degree majoring in sculpture. They have to be on duty or employed in

the field of sculpture at least 15 consecutive years. They need to be recognized or known as the artists in



Proceedings of The 5" Rajamangala University of Technology International Conference

Engineering and Research Industry

the field of sculpture in the country such as national artist, freelance artist, sculptors, academics, teachers
and retired government officials.

The sample of 60 respondents is divided into two groups and each group comprises of 30
respondents as follows:

Group 1 comprises of 30 academics and teachers who do sculpture activities along with
teaching art in schools, colleges, universities around the country which are well-known art in the
sculpture at least 15 years.

Group 2 comprise of 30 freelance sculptors and free lance artists employed in the field of
art sculpture, with the qualification of bachelor degree in art from various institutions together with the

consecutive experiences in sculpture work not less than 15 years.

2. Research Instrument
The tools used in collecting the data was two questionnaires each containing two parts. Part one
asked about the autobiography of the selected sculpture experts; the other part described comments of

the freelance sculptors and experts who have expertise in sculpturing and who teach sculpturing art.

3. Data Collecting

In this study, researcher has collected data from a sample of the experts, academics, teachers,
sculptors, artist, and freelance sculptors. The sample of 60 respondents is divided into two groups and
each group comprises of 30 respondents: a group of academics and teachers who do sculpture activities
along with teaching art in schools, colleges, universities around the country which are well-known art in
the sculpture field at least 15 years, and a group of freelance sculptors and free lance artists employed in
the field of art sculpture, with the qualification of bachelor degree in art from various institutions together
with the consecutive experiences in sculpture work not less than 15 years. The data have been collected
as follows:

3.3.1 Contact the 60 experts or experienced people who have knowledge of the sculpture as it is
defined such as academics, teachers, freelance sculptors and freelance artists nationwide.

3.3.2 Ask for the official correspondences from Rajamangala University of Technology
Rattanakosin, Poh Chang Academy of Arts and deliver them to experts, scholars, teachers, artists and
freelance sculptors who are the main targets for collecting data to ask for permission and assistance in
data collection process.

3.3.3 In case the respondents are doing duties in organizations, researcher has to submit official
correspondences to the administrators to ask permission for filling questionnaires or conducting

interviews. (Only for a sample group of experts, academics, teachers who are in organization).
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3.3.4 The researcher has collected data by hiring, sending questionnaires to the respondents by
mail or by hiring the legal person by mean of commutation. Some of questionnaires have been collected
by the researcher himself.

3.3.5 In the data collection process, the researcher collected data from 60 questionnaires. Then
the data were all classified into information in each item and then written in a narrative summary.

3.3.6 Summarize and write the research report

4. Data Analysis

The researcher analyzed data from questionnaires step by step, starting with writing the narrative

report, describing an each item and writing a summary overview of each respondent.

Conclusions
From the 60 respondents of experts, academics, teachers, artists and freelance sculptors, it is
found that the respondents provide similar and relevant information. The researcher as summarized and
written report on the following topics.

4.1 In the sculpturing process, do you agree whether it is necessary to sculpt the small- model
before making a sculpture? The comments received from the academics, teachers and freelance
sculptors are all relevant; that is a model sculpture is crucial when creating a sculpture, scoring 91.67%.A
model sculpture helps define the targeted piece of art for the sculptor. It interprets and illustrates the
sculptor’'s imagination. It also facilitates the alteration, if any, for any mistakes can be seen and corrected
in the model sculpture before the start of the sculpture. This is helpful for both the sculptor and the hirer.
The model sculpture not only represents the planned sculpture but also assists the sculptor to achieve
the work better. A model sculpture is a way to solve the problem of composition of art, providing the
sculptures with beautiful and perfect sculpture works which are consistent with three-dimensional shape
as desired. It is also a way of finding a shaped structure to assist in the calculation and expansion of the
sculpture work in order not to make the mistakes. The model sculpture can be compared with the
compass used for indicating all work processes before creating sculpture work. It can also reduce
mistakes in the process of sculpture work. The model sculptures can help the sculptor calculate labor
and equipment costs involved as well as make a more precise time frame for his hirer. This is considered
as the value added for sculptors’ reputation.

4.2 The advantages of sculpting the model sculpture before making the real sculpture are as
follow. With the model sculpture it is easy to expand the size defined in the model and helps in extending
of the large structure with the right ratio without any mistakes. When enlarging the model into the real one,
the sculptors will not be concerned about the ratio, because they have corrected the model, making the
sculptors to complete their work faster. Assistant or apprentice sculptor team will have a better

understanding about sculptures, having confidence, no reluctance and wasting no time in forming as well
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as working without mistakes. Model sculpture reduces the problems that will arise in the composition of
art such as shape, mass, volume, line, space and surface etc., including views on a piece of sculpture.
This is a way of studying the structure of piece of work to find out the weaknesses and it can be used as a
prototype in order to create the sculpturing quickly and easily. Making model sculpture enables the
sculptors to analyze and calculate wages, material and equipment, duration of the operation, at the same
time, save time, material and equipment cost, and various budgets. The model sculpture is considered as
an operational simulator before the actual work is done. This is to determine the problems and find
solutions.

4.3 The disadvantage of a small model sculpture before molding a works of sculpture are as
follows. If the sculpture creators do not make the model sculpture, it will adversely affect the operation
and make the process delay. The sculptors may encounter obstacle, have to repeat work for solutions,
waste their time and cause mistakes and damages over time. If there is only a sculptor who knows the
model sculpture, it will result in lacking of assistance from the apprentice sculptor team in case the
problems arise. The sculpture team will not believe in a sculptor because the lack of a model used to
guide the measurement, making procedures and patterns unclear. When making real sculpture, there
may be high mistakes, wasting times to make correction. There may also be bad job elements, resulting
to the incomplete works of sculpture based on the beauty and artistic value, including the lack of
reliability from inspectors, hirers and general persons who may see those sculpture work sunder standard
with the carelessness and ignorance the step and theory, making the overview of the work operation
complicated. Calculating the cost of material and equipment, labor and other expenses as well as the
duration of work without model will result to the mistakes in calculating the structure on mass, volume,
shape and story including the composition of arts. This also makes impact on the expansion of sculpture
into the actual size. The desired shape of sculpture may be distorted, causing the problems during the
operational process and making impact on the emotional state. It may cause some changes in the
purpose of the sculpture as set, affecting the management of sculpturing process.

4.4 Why did not the young generation sculptors create the model sculpture before creating the
sculpture work? This is because of lacking of time, making it fast, being incumbent and careless,
overlooking the importance of the model sculpture, lacking of experiences, skills and carefulness.
Besides, it is because they need to reduce the steps of work, the cost of materials and equipment and
the duration of work as well as the lack of ideology of the sculptors. The concept of a new generation
combined with the lifestyle of people nowadays is highly competitive and urgent. The high cost of living
also makes them selfish, resulting to the lack of well training and discipline. The entrepreneurs and hirers
of work of art have high competition to produce goods for export. Therefore, they want to reduce the cost
and duration of the operation. These causes the sculptors have to run their work quickly, resulting to the

reduction of model sculpture process. The government education institutions and the instructors do not
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focus on the lesson plan because of lacking of sufficient time or not paying attention to model sculpture
before making it into the actual size. Therefore, it can be considered that it depends on the institutions
has provided knowledge based on the theory or not. The young generation sculptors are confident with
new technology, computer-aided design and photo retouching software. As a result, the new generation
does not want to run the model.

4.5 From the experiences of experts, scholars, teachers, artists, freelance sculptors who are the
respondents, it is considered that the model sculpture is the most important, scoring 95 % as
summarized below.

4.5.1 The model sculpture is considered to have been created from the imagination conveying
ideas and making meanings into three-dimensional art. Several times of revisions have been done until
the work is complete. It can do well in calculating of various costs, labor, materials and equipment as well
as duration of work.

4.5.2 The model sculpture process is a way of operation plan using the model for visualizing
the structure of work, understanding the size of the sculpture portion in order that it will not be distorted
and reducing mistakes. Those mistakes can be corrected in time before allowing us to study and analyze
before molding it. With the process mentioned, the sculptors can effectively complete their works and
produce the perfect prototype of sculpture.

4.5.3 The model sculpture is like a simulation which is a way of creating work from the actual,
enabling the sculptors aware of the problems of the created works, analyzing the problems as well as
finding way to solve the problem beforehand. The model sculpture can be seen as a compass for the
operation process which can help sculpturing teams to visualize work clearly and complete work on time,
not waiting for the chief to monitor the operation process over time. Using the model sculpture can help
the sculptors to present their works to the clients easily because they can visualize the real model
beforehand before making decision. It also helps build up confidence to the sculpturing team. No great
artist or sculptor created the model sculpture without creating sculpture.

4.6 The experiences of experts, scholars, teachers, artists and freelance sculptors towards the
small model sculpture can summarized as follows. The model sculpture is the process of bringing
imaginative ideas and principles of visual elements into the perfect composition in order to make the work
to meet the perfect beauty at all aspects. It also shows the aesthetic value of the visual arts to fulfill
imaginative ideas and can be corrected and modified before operation. The model sculpture model will
be used as the prototype to correctly expand the model into a large piece of work. The sculptors can
understand every part of components such as structure and anatomy of work. The model sculpture is like
a compass, directing the plan, direction and duration of work precisely. It can also be as an instrument to
evaluate the internal structure of shapes and estimated various costs such as labor cost, materials and

equipments, location and duration of the operation.The model sculpture can make the hirers or customers
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can see the initial image of work before extending it into the actual size. It helps the sculptor team or
assistants understand the work process easily. As a result, it can support the sculpture in operate the
work effectively and easily and divide work to the others.The model sculpture has small size which can be

easily moved to show in a limited area.

Discussions

Results of this study have been discussed as follows:

5.1 Is a model sculpture crucial when creating a sculpture? The research results show that the
comments received from the academics, teachers and freelance sculptors are all relevant; that is a model
sculpture is crucial when creating a sculpture, scoring 91.67%.Everyone has given the same answers
and reasons, that is to say, the aim needs to be clearly defined for the creative prototype whichrelevant to
the interview of Nikorn Chotchapong, Chamrueng Wichiankhet and Wichai Sitthirat. A model sculpture
helps define the targeted piece of art for the sculptor. It interprets and illustrates the sculptor’s
imagination. It also facilitates the alteration, if any, for any mistakes can be seen and corrected in the
model sculpture before the start of the sculpture. This is helpful for both the sculptor and the hirer. The
model sculpture not only represents the planned sculpture but also assists the sculptor to achieve the
work better. This is relevant to Kran Kunchasin, Ariya Kitticharoernwiwat and Prasopsuk Ratmai’s
interview. The model sculpture not only represents the planned sculpture but also assists the sculptor to
achieve the work better. A model sculpture is a way to solve the problem of art compositions, providing
the sculptures with beautiful and perfect sculpture works which are consistent with three-dimensional
shape as desired. This is relevant to Sopit Phuttarak, Chalerm Wiset ,Kittikorkn Bamroongboon and
Sompop Kongchainamsakul’s interview. It is also a way of finding a shaped structure to assist in the
calculation and expansion of the sculpture work in order not to make the mistakes. This is relevant to the
interview of Prasopsuk Ratmai, Kran Kunchasin and Somkuan Imtakul.The model sculpture can be seen
as a compass for the operation process which can help sculpturing teams to visualize work clearly and
complete work on time and reduce mistakes in the work process.This is relevant to the interview of
KomsanKamsingha.Making model sculpture enables the sculptors to analyze and calculate wages,
material and equipment, duration of the operation, at the same time, save time, material and equipment
cost, and various budgets.It also used as a tool to present work to the hirers and create a positive image
or value added. This help make a significant step in the operation of work of the creators or sculptors.
This is relevant to the interview of Prasert Wannarat and Pitak Chalermlao.

5.2 From studying the advantages of model sculpture before making the real sculpture, it is found
that making the model sculpture makes it easy to expand the size defined in the model and helps in
extending of the large structure with the right ratio without any errors. When enlarging the model into the
real one, the sculptors will not be concerned about the ratio, because they have corrected the model,

making the sculptors to complete their work faster. Assistant or apprentice sculptor team will have a
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better understanding about sculptures, having confidence and no reluctance and wasting no time in
forming together with working without mistakes. This is relevant to the interview of Prsopsuk Ratmai,
Riharn Opas, Peerapong Duangkeaw and Ben Sadonram. Model sculpture reduces the problems that will
arise in the art compositions such as shape, mass, volume, line, space and surface etc., including views
on a piece of sculpture. This is the way of studying the structure of this piece to find out weaknesses and
can be used as a prototype in the sculpturing quickly and easily. Making model sculpture enables the
sculptors to analyze and calculate wages, material and equipment, duration of the operation, at the same
time, save time, material and equipment cost, and various budgets.The model sculpture is considered as
an operational simulator before the actual work in order to determine the problem and find solutions. This
is relevant to the interview of Pradap Temdee, Komsan Kamsingha, Prasert Wannarat and Suwitchai
Uttha. The disadvantage of a small model sculpture before molding a works of sculpture are as follows. If
the sculpture creators do not make the model sculpture, it will adversely affect the operation and make
the process delay. The sculptors may encounter obstacle, have to repeat work for solutions and waste
their times together with causing a mistake and damage over time. If there is only a sculptor who knows
the model sculpture, it will result in lacking of assistance from the apprentice sculptor team in case the
problems arise. The sculpture team will not be confident to a sculptor because the lack of a model used
to guide the measurement, making procedures and patterns unclear. When making real sculpture, there
may be high error, wasting times to make correction. There may also be bad job elements, resulting to
the incomplete works of sculpture based on the beauty and artistic value, including the lack of reliability
from inspectors, hirers and general persons who may see those sculpture works under standard with the
carelessness and ignorance the step and theory, making the overview of the operation complicated. This
is relevant to the interview of Somchai Thaothong, Prasert Wannarat, Komsan Kamsingha, Somyos
Youngtaland Wichai Sitthirat. Calculating the cost of material and equipment, labor and other expenses
as well as the duration of work without model will result to the mistakes in calculating the structure on
mass, volume, shape and story including the composition of arts.This also makes impact on the
expansion of sculpture into the actual size. The desired shape of sculpture may be distorted, causing the
problems during the operational process and making impact on the emotional state. It may cause some
changes in the purpose of the sculpture as desired, affecting the management of sculpturing process.
This is relevant to the interview of Riharn Opas, Ariya Kittichareonwiwat, Prasert Wannarat and Nopadol
Suwannasombat.

5.3 From the experiences of experts, scholars, teachers, artists, freelance sculptors who are the
respondents, it is considered that the model sculpture is the most important, scoring 95 %. The model
sculpture is considered to have been created from the imagination conveying idea and making meanings
into three-dimensional art. Several times of revisions have been done until the work is complete. It can do

well in calculating of various costs, labor, materials and equipment as well as duration of work. This is
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relevant to the interview of Sopit Phutharak, Prasert Wannarat and Komsan Kamsingha.The model
sculpture process is a way of operation plan using the model for visualizing the structure of work,
understanding the size of the sculpture portion in order that it will not be distorted and reducing mistakes.
Those mistakes can be corrected in time before allow us to study and analyze before molding it. With the
process mentioned, the sculptors can effectively complete their works and produce the perfect prototype
of sculpture. This is relevant to the interview of Ariya Kittichareonwiwat and Suwitcha Uttha.The model
sculpture is like a simulation which is a way of creating work from the actual, enabling the sculptors aware
of the problems of the created works, analyzing the problems as well as finding way to solve the problem
beforehand. This is relevant to the interview of Prasop Sukratmai and Kanet Samudhaya.The model
sculpture can be seen as a compass for the operation process which can help sculpturing teams to
visualize work clearly and complete work on time, not waiting for the chief to monitor the operation
process over time. This is relevant to the interview of Komsan Kamsingha, Prasert Wannarat and Sompop
Kongchainamsakul. Using the model sculpture can help the sculptors to present their works to the clients
easily because they can visualize the real model beforehand before making decision. It also helps in
building up confidence to the sculpturing team. No great artist or sculptor created the model sculpture
without creating sculpture. This is relevant to the interview of NonthiwanChantanaphalin and

PrasertWannarat.

Suggestions
3.1 Suggestions received from the findings.

3.1.1 In terms of teaching and learning process, educational institutions should focus on
improving the curriculum, encouraging the teaching a model sculpture continuously in order to provide the
knowledge and ability for the learners to create the value of sculptures. The art teachers of all educational
institutions for academy of art should ask the learners to understand the importance of creating a model
sculpture coupled with practicality, not skipping this step. The learners have to be informed of the benefits
of this step. If there are any mistakes, it can also be immediately solved and corrected. It is essential that
teachers must help create sculptural attitude towards this profession even more.

3.1.2 In term of essentiality and importance, the model sculpture does not only display the
value of beauty inside itself but also help create and achieve the sculptural works precisely and clearly.
All the problems and mistakes can be seen and corrected in this step. Before making the sculpture, it is
crucial to make a model sculptures in order to get the most perfect works. In the process of making a
model sculpture, we should pay attention to finding information, devoting time and setting goal to the
works as well as practicing the small instruments.

3.1.3 In term of the characteristics, the model sculpture is the way to convey imaginative

ideas into three-dimensional shapes, expressing the shape of the structure by using the principle of



Proceedings of The 5" Rajamangala University of Technology International Conference

Engineering and Research Industry

visual elements to help set the composition. It is seen crucial because it is served as a model for
expansion ratios in large pieces. Without the model sculpture, the sculptors may take a lot of time to
create the work with confusion, reluctance and unclearness.

3.1.4 In term of heirs and enterprises, some of the enterprises or employers nowadays want
to reduce costs and time to produce pieces of works to the market faster, preferring the sculptors to skip
the step of making model sculpture.

As a result, the unqualified sculptural works are produced to market, making the art circles
full of unvalued arts.

3.1.5 In term of computer, today's technology and online communication computers have
playeda key role on almost every branch of art. Computer help make art with precision and fastness.
Anyway, the beauty of the sculptures made by human looks charming rather than by computer

3.2 Suggestions on the next research.

3.2.1 The research should be undertaken further by using the results of this research.The
next research should be the in-depth study in the course and classes up to the curriculum and teaching
process.

3.2.2 The techniques, patterns and process of making the good quality of sculptural works
should bestudied and discovered in order to help sculptors produce the works to meet the standard as
set within the time period.

3.2.3 There should be the research on the enterprises and employers about the steps of
making a model sculpture before making the sculptural works. This is to help them find out the fact
whether a model sculpture is crucial to the process of making the sculptural work or not.

3.2.4 It is difficult to discover information on this field of study. This is because there is no
related research, journals, and art books used as the reference. However, those problems can be solved

by interviewing experts.
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Study the Sculpture Work of National Artist in Visual Art (Sculpture) to Apply in
Creating the Work of Sculpture in Individuality Style

Chaichan Jantasri'

Abstract

The research aims to study the works of sculpture of national artists in visual art (sculpture) in order to apply them for
creating the sculptural works in individual style from the past to the present (2011)in term of creative applications, subtractive
shapes as well as process, content, structure and form, line, texture, volume, mass, space, rhythm and direction. The results
of the research can be beneficial to an application of designing and creating the new work of sculpture in individuality style,
can help in producing academic documents conveying the new body of knowledge, can apply them to the creative
application of works of sculpture in individuality style and also help in creating 7 pieces of work of sculpture in individuality
style in order to display and publicize those works in the conferences and use them for decorating the areas at Rajamangala
University of Technology Rattanakosin. Tool used to collect data is the satisfaction questionnaire about the sculptures of the 50
national artists in visual art (Sculpture). The samples used in this research are the 50 specialists in the field of sculptures as the
respondents of the questionnaires. The results show that the works of sculpture of national artists in visual art (sculpture) from
the past to the present (B.E.2554) are created intermofcreativeapplications, deductive or subtractive as well as process,
content, structure and form, line, texture, volume, mass, space, rhythm and direction and have the prominent visual elements.
The composition of art has been set up with the same range of consistency, sorting from descending order. The sculptural
works are delicate, firm, smooth and shiny together with the distinctive mass and volume. The curve line has been used to
create the creative works more perfectly. The nature and direction of the rhythm have been applied to the creative works of
sculpture causing the expression of prominent rhythm and direction. The external shape of an oval form has been applied to
the creative works of sculpture to make them more gorgeous and perfect. The space has also been applied to this sculptural
works. The results of the research can be applied in creating 7 pieces of sculptural works in individuality style, and can be
used in producing academic document for the creative application of sculptural work in individuality style and used for
decorating the campus.

Keywords : Sculpture, National Artist, visual art, Individuality Style, creative

Introduction
The cabinet passed a resolution on 26 February 1985to declare the 24 February of each year as
National Artist Day to commemorate King Loetla Nabhalai’'s birthday. Therefore, to promote the artists to
follow in the footsteps of His Majesty the King and to honor and confer those individuals who create
works of art to be appeared to the public’s, Office of the National Culture Commission has selected the
artists’ master piece of art based on criteria of the national artist and then declare and confer those artists

as national artists. This type of selecting process has been performed annually. National artist is the one

' POH-CHANG Academy of Arts, Rajamangala University of Technology Rattanakosin, Bangkok 10200
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who creates good quality of works and publicizes them continuously. Those work sare of good quality up
to national level and have been declared and conferred as a national artist by the National Commission
for Culture. The national artist award has been conferred by the National Commission for Culture for 26
years since 1985 to the present (2011). There are more than 200 artists who has been conferred this
award and declared as the national artists by the National Commission for Culture. The researcher knows
that a lot of artists in the field of visual art (Sculpture) are among those national artists. Everyone has
created the distinctive, creative and unique work depending on their knowledge, skills, experiences and
inspiration.Such works are very interesting and should be studied and conducted research. The
researcher would like to study the content, structure of form,mass and volume, line, surface,space,
rhythm and direction in order to apply body of knowledge from this research to create sculptural work in
individual style. In addition to the honor of publishing history and works of national artists, the research
also hopes that this research is a way of studying concepts and the process forms of art with the unique
of each artist and can be beneficial to those studying the culture. ltis also seen as one of the inspirationof
those interested in creating creative works of art in the future. According to the evidences, this type of
research has never been done before. The researcher hopes that, by doing research, there will be the
academic papers full of the application of new body of knowledge which is helpful to create unique
sculptures. The results of this research can be applied in designing the sketch for creating the 7 creative

sculptures in individual style. Those

Objectives

2.1To study the works of sculpture of national artists in visual art (sculpture) in order to apply them
for creating the sculptural works in individual style from the past to the present (2011)in term of creative
applications, subtractive shapes as well as process , content, structure and form, line, texture, volume,
mass, space, rhythm and direction.

2.2 To design and create the new work of sculpture in individuality style.

2.3 To produce academic documents conveying the new body of knowledge and apply them to
the creative application of works of sculpture in individuality style.

2.4 To create 7 pieces of work of sculpture in individuality style in order to display and publicize
those works in the conferences and use them for decorating the areas at Rajamangala University of

Technology Rattanakosin.

Methods
1. Population and Sample
The population in this research is the literate people in the field of sculpture and the teachers who
teach the art of sculpture in universities around the country with a minimum qualification of bachelor

degree insculpture and have experiences in teaching sculpture or sculptural subjects continuously.The
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samples used in this research are the 50 specialists in the field of sculptures and teachers teaching the
art of sculpture in universities around the country with a minimum qualification of bachelor degree
insculpture and haveb years of experiences in teaching sculpture continuously.The artists whose works
are participated in this research have to be declared as a national artist in visual arts (Sculpture) from the
year 1985 to the present (2011) in the field of creative application of abstract or semi-abstract art
only.Works of national artists in this research require various specificationsin term of creative applications
and deductive or subtractiveshapeof the realistic arts to make the abstract and semi-abstract sculpture.5-
10 photos of works of sculpture of each national artist have been selected and used as questionnaires.
The specialists then select 5-10 of photos of sculptural works to serve this research.The selection
processes are based on the various aspects, for examples, well known in artistic circles, award winning,
used as reference, publishedinpapers, books, academic papers, articles and researches. The works of
sculpture of 50national artists, as the specialists, are summarized and weighted for the highest score.
Then one of highest score work of each national artist is analyzed based on the criteria set. Researcher
thenstudies the content, form, structure, shape, line, surface, area, volume, mass, space, rhythm and
direction only. The work of sculpture in individuality style refers to the new creation created by the
researcher based on results from this study combined with the identity to design and create new 7 pieces
of sculptural work. Those works are sculptures in the round or round relief with the size 50-80 cm, made

of fiber glass which is seen as the durable material for casting.

2. Instruments
Tools used for data collection are the questionnairesconcerning satisfaction towards the

sculptures of national artistsin visual arts (Sculpture).

3. Data Collecting

1. Study and search information from the related theories.

2. Collect the photos of sculptural work of national artists in visual arts (Sculpture) in the creative
application in term of both abstract and semi-abstract art.

3. Determine and design the way of conducting research, distribute and collect questionnaires of
the photos of sculptural work of national artists, teachers, academics and specialists in the field of
sculpture across the country.

4. Summarize and analyze the questionnaires about the photos of sculptural work and then select
one of the best work of each national artist ( 1 piece) created in term of creative application both abstract
and semi- abstract art.

5. Analyze the photo sculptures of national artists based on the criteria set and summarize it and

write the report.
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6. Design work of sculptures in individual style by relying on results of writing report about the
sculptural works of national artist.

7. Select sketch and model.

8. Enlarge the sketch and create sculptures in individual style.

9. Make painting sculpturesin individual style.

10. Mold the sculptures in individual style.

11. Assemble and join each sculpture part and decorate the sculptural work in individual style.

12. Paint and glaze the sculptural work in individual style.

13. Write academic paper in individual style of sculptures and summarize it.

4. Data analysis

The results of this can be summarized as follows:

1. Find the frequency and percentage of the questionnaires.

2. Summarize the frequency and percentage in order to find the one of the photo of sculptural
work of the national artist that has the highest score of frequency and percentage.

3. Analyze the photos of sculptural work based on the criteria and write the report.

4. Use the results of writing report about the sculptural works of national artist to design work of

sculptures in individual style.

Conclusions

From the study, the highest score of the frequency and the percentage of sculpture work of
national artists can be summarized as follows:

Sculpture work of Mr. PaitoonMeungsomboon named KayakamNo.4(Acrobatic No.4) is 20
%.Sculpture work of Mr.ChitRianpracha named Rammana (Tambourine) is 46%.Sculpture work
ofMr.PimanMoonpramook named Sansan (Creative) is 56 %.Sculpture work of Mr.
ChamreungWichiankhet named Klum (Group) is 34 %. Sculpture work of Mr. ChaloodNimsamer named
Ongsam(PodDuang money ) is 30 %.Sculpture work ofMr. InsonWongsam named Prisana (Puzzle) is
32%. Sculpture work of Mr. NonthawatJantanaphalin named Samathi (Meditation) is 36 %. The researcher
has summarized results of the analysis of the overall sculpture works of the 7 national artists and has put
them in order based on the importance, concept and duplication of their works in descending order. The
visual elements have been used for creating their sculpture works and making their works more
distinctive and beautiful as follows:

1. The sculpture works of 7 national artists are distinctive and unique and texture of the sculptures
is, taut, glossy, smooth, firm and glazed.

2. 6 of 7 of national artists- Mr.Paitoon Meungsomboon, Mr.Chit Rianpracha, Mr.Pimamn

Moonpramook, Mr.Chamreung Wichiankhet, Mr.Chalood Nimsamer and Mr. NonthawatJantanapalin -
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have applied mass and volume increating the works of sculptures in order to make their works more
beautiful. Therefore, their works of sculptures are featured on the mass and volume.

3. 6 of 7 of national artists - Mr.Paitoon Meungsomboon, Mr.Chit Rianpracha, Mr. Pimarn
Moonpramook, Mr.Chamreung Wichiankhet, Mr.Chalood Nimsamer and Mr. Nonthawat Jantanapalin-
have applied curve lines in creating the works of sculptures in order to make their works more beautiful.
Therefore, their works of sculptures are featured on curve line.

4. 6 of 7 of national artists - Mr.Paitoon Meungsomboon, Mr.Chit Rianpracha, Mr.Pimarn
Moonpramook, Mr.Chamreung Wichiankhet, Mr.Chalood Nimsamer and Mr. Nonthawat Jantanapalin-
have applied rhythm and direction increating the works of sculptures in order to make their works more
beautiful. Therefore, their works of sculptures are featured on rhythm and direction.

5. 50f 7 of national artists- Mr.PaitoonMeungsomboon, Mr.ChitRianpracha,
Mr.PimarnMoonpramook, Mr.ChamreungWichiankhet and Mr.ChaloodNimsamer — have applied the oval
and circular shapes increatingthe works of sculptures in order to make their works more beautiful.

6. 40f 7 of national artists - Mr.PaitoonMeungsomboon, Mr.ChitRianpracha ,Mr.ChaloodNimsamer
and Mr. InsonWongsam - have applied space in creating the works of sculptures in order to make their

works more beautiful. Therefore, their works of sculptures are featured on space.

Discussions

The results show that the works of sculpture of national artists in visual art (sculpture) from the
past to the present (2011) are created intermofcreativeapplications, subtractive shapes as well as
process, content, structure and form, line, texture, volume, mass, space, rhythm and direction and have

the prominent visual elements.The sculptural works of national artists can be discussed as follows:

1. Mr.PaitoonMeungsomboon

The contents of story are conveyed through the sculptural work called "KayakamNo.4” (Acrobatic
No. 4), focusing on anatomy of human body while doing acrobatic or gymnastics in a back bendin order
to get the oval shape, bending hands and feet touching one another at the back. Artist also takes into
account of the real acrobatic, using the principles visual elements to apply in creating the composition of
art. The external shape of this sculpture work is horizontal oval and most of lines in this sculpture are
curved lines. The external texture of the form is smooth, firm, round and neat with no differences of mass
and volume. The external texture is also firm, neat and has harmonic scale. The space is applied in
creating this sculpture in order to make it softer, airy, and relaxing and also help in reducing the
discomfort of the audiences. This work is featured in expressing rhythm and direction, making audiences

feel the movement in direction of sculpture.
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2. Mr.Chit Rianpracha

The contents of story are conveyed through the sculptural work called “Rammana” (Tambourine).
The contents represent the rhythmic form of the human body that coordinates and related to the
characteristics of Thai musical instruments. The artist conveys the feelings through a Thai musician,
showing a slightly twisted manner of the body, with the hairs curling and blowing back, sitting with bent
knees with Rammana (Tambourine) placing on the lap. The left hand is touching the edge of the drum
while the right hand is placing on the surface of drum, showing lifestyle of playing while sitting of Thai
musical instruments. The principles of visual elements are used for creating the composition of art in this
work. The external form of the sculpture is vertical oval with unequal angles. This work is distinguished by
the line and form. 95% of the lines in the sculpture are curved. The sculpture is distinguished in term of
the external texture which is smooth, round and neat, showing the wood grain texture. The work has been
featured in mass and volume. The volume is mixed together to make the sculpture have the unique mass
which balances in all aspects. The space is applied in creating this sculpture in order to make it softer,
relaxing, airy, and also encourage movement in and around the sculpture and help in reducing the
discomfort of the audiences. This work is featured in expressing rhythm and direction that makes

audiences feel the lively movement in and around the sculpture.

3. Mr.Pramook Moonpramook

The contents of story are conveyed through the sculptural work called “Sangsan” (Creative)
concerning the speed. The creative artist attempts to describe and show the significance of speed,
inspired by the artist’'s imagination of the pilot and Garuda Phraya as the symbol of a fly. The creator
applies those symbols in creating the sculpture based on subjective art form, using people wearing a
flying suit and a hat with wings on the head. The principles of visual elements are used for creating the
composition of art in this work. The external form, the front and rear angles of the sculpture are oval, but
the side angle is the trapezoid, showing the modern technology of the machines. This sculpture is
featured in the external and internal form, consisting of 60% of straight lines and 40% of cured lines. The
characteristics of the texture of the sculptures are smooth with the flat, convex and round surface.
Besides, the other outstanding characteristics of this work are mass and volume, combining into one
mass with unity. The sculpted form has the balanced proportion in all aspects and views. The space does
not play a key role in this sculpted form, making the form strong, stable and powerful. This work
effectively demonstrates the rhythm and direction, with the lines, forms and the human face acting as the

leader in displaying the rhythm and direction in order to represent the speed of movement.

4. Mr.Chamreung Wichiankhet
The contents of story are conveyed through the sculptural work called “Klum” (Group), inspired by

the curved shape of woman body and impressed by the overlapping sea waves while approaching the
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shore as well as the towering cliffs at Phukradung. The creator has included all three parts together into a
single one, applying them in creating abstract shapes. The principles of visual elements are applied in
creating the composition of art in this work, showing the characteristics of line which are the same in all
angles and aspects. The structure of the external shape is vertical oval or rectangular. The prominent
feature of this work is the line. The lines in this work are straight and curved lines showing the width and
depth. The texture of this work is smooth, round and neat around the surface of the sculpture. The
prominent features of this work are mass and volume. The volume is mixed together to make the
sculpture have the unique mass which balances in all aspects. However, this work is not featured in using
space to create the sculpture. The work focuses on the rhythm and direction and the regular iteration of
lines and forms, making the sculpture beautiful and providing the strong, stable feelings as well as feeling

grouping, harmony and unity.

5. Mr.Chalood Nimsamer

The contents of story are conveyed through the sculptural work called Ongsam(PodDuang
money). The sculpture is inspired by the old Thai money from different periods called Pod Duang money.
The money is applied in creating the composition of art, stacking the three coins atop one another and
sealing them together to form the new shape of sculpture. It represents the stability, security and
harmony, providing a sense of cooperation and reflecting the cultural aspects of Thailand. The principles
of visual elements are applied in creating the composition of art in this work. The structure of external
shape of this sculpture is vertical oval with the same width of the two sides. All sides of shapes are same.
The sculpture is seen as the prominent one with the very beautiful lines. About 95% of the lines are the
curved lines which are created based on mass and volume. The work is featured in the texture. The
characteristics of the texture are flat, firm, glossy, round and neat. The mass and volume of the sculpture
are very beautiful, joining together in unity. This sculpture has been created by perfectly using of the
characteristics of space together with the balance and beauty. The work expresses rhythm and direction

that makes audiences easily access to the beauty of arts.

6. Mr.Inson Wongsam

The contents of story are conveyed through form of sculpture named "Prisana"(Puzzle). This work
emphasizes on conveying the imagination in mind and then paves the way to search for aesthetic ideals
and long experiences. This can be said that it is seen as the pains of human beings when they have to
eliminate their own skin covers. The more the skin covers are removed, the more beauty appears. The
principles of visual elements are applied in creating the composition of art in this work. The work shows
the differences when comparing with the other sculpture works. The width of the form can be seen when
it is looked at the front and back sizes. The flat shape, no form, can be seen when it is looked at the left

and right sizes. This sculpture work is featured in lines which can be seen as the main factors for creating
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this work. The lines are curvedly woven back and forth like a maze, showing the ambiguous feelings and
the endless confusions of the audiences. The texture looks flat, glossy, round and smooth with the wood
grain textures. However, this work has a lot of weaknesses on the mass and volume. There seem to be a
little of influence of mass and volume seen in this sculpture work when it is looked at the front and back
sizes. The flat shape, no mass and volume, can be seen when it is looked at the left and right sizes. It is
seen as the very prominent sculpture in term of space. The artist has effectively applied the space in this
sculpture work, providing the significant benefits to this work. The work shows the vital untidiness of
rhythm and direction, transferring weight of direction inside the external rectangular form. The direction

moves back and forth like a maze without beginning and ending.

7. Mr.Nonthawat Jantanapaling

The contents of story are conveyed through form of sculpture named “Samathi” (Mediation). The
artist focuses on describing the new attitude in mind based on form of the sculpture as a tool of
communication language. The answers to life based on the Buddha's sermon are found by the artist.
Walking on the path of Dharma will bring the light of wisdom. Sculptures will then be seen as the
language forever. The principles of visual elements are used for creating the composition of art in this
work. The external form of this sculpture is vertically built with a triangular pyramid shaped structure. The
larger form is on the bottom and the smaller form is on top. This work consists of a large number of curve
lines - around 95%. This sculpture has been featured in the texture, that is to say, it is taut, smooth, round
and neat. Especially, this work is featured in mass and volume. The external form is taut with texture,
expressing the mass and volume which shows the stability, calmness, power and great respect. This
sculpture is not featured in space, only a narrow gap on both sides of the seam of palms. It seems that
the artist intends to leave some implications of their work for the audiences to consider. The rhythm and
direction in this work are not quite prominent. This is because the artist intends to express the peace;

therefore, he reduces the significant role of rhythm and direction.

Suggestions
1 Suggestions received from the study

1) In searching some sculptural works, there is only sculpture photo but there is no real one.

2) The first generation of national artists always created less sculptural works by using the
deductive or subtractive process.

3) Information of some national artists is not available. The published personal information of
national artists is not enough. Besides, three of national artists in this study were dead.

4) The researcher should be careful about the appropriate time before conducting the research

concerning a large amount of people.
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5) Doing survey and experimental research requires much time and budget; therefore, the
research project should be written carefully and concisely in term of the amount and duration of the

research.

2. Suggestions for the next research

1) This type of research should be conducted further by using information from this study.

2) There should be in-depth research on national artists individually.

3. There should be a research on the famous artists and sculptors nowadays concerning the
influences from the sculptural worksof national artistsin the field of visual arts (Sculpture).

4. There should be a research onnationalartistsin the field of visual arts (Sculpture)on the aspects

of the influencesin creatingthe sculptures.
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Discontinuous Automatic Control of Simulated Controlled System for

Undergraduate Control System Instruction

Preecha Sakarungv

Abstract

It is widely accepted that the on/off controller is not only inexpensive but it is also easy to use. Moreover, it is used
in factories in general. In regards to the undergraduate instruction of Control System, however, this particular type of
controller is not widely used as part of the instruction comparing to the PID controller. It is due to the limitation of the on/off
controller in terms of its high level of error-value occurring in steady state and its problems of chattering. This paper
demonstrates how to develop the on/off controller in decreasing both error-value occurring in steady state and the impacts
from chattering. The 3 different methods are shown as follows: 1) the change of hysteresis width of the on/off controller, 2)
the adaptation of the on/off mode to a 3-leveled on-off function by using two on/off controllers, and 3) the connection of the
on/off controller with delayed feedback. According to the simulation results with the use of WinFACT program and the
experiment on the simulated controlled system (PT1 and PT1T2), it shows that the error-value result at the steady state is
decreased significantly in relating to variables, the hysteresis width, the number of levels of the on/off function and time
constant value of the first order delay.

Keywords : on/off controller, simulated controlled system, WinFACT

Introduction

The discontinuous controller has more advantages than continuous type in regards of its cheaper price, ease of
control, reliability and low frequency of maintenance. The discontinuous controller can be used with both open-loop and
closed-loop control. Therefore, the discontinuous type of controller should be taught first in the Control System subject [1]. In
addition, regarding the nature of a basic on-off function, its simple operation can make the students understand the basic
control system much better. Despite its obvious advantage, the discontinuous controller has been looked over due to the
limitations of the on/off controller that are possible chattering and the high level of error-value occurring in steady state resulting
in the damage of the actuator.

The adaptation of the on/off controller is therefore necessary to enable the controller to have more quick but adjustable
response, functioning somewhat like the continuous controller. The three different adaptation methods are as follows: 1) the
change of hysteresis value of the on/off controller, 2) the adaptation of the on/off mode to a 3-leveled on-off function by using
two on/off controllers, and 3) the connection of the on/off controller with delayed feedback [2].

In addition, For more advanced control theories such as Bang-Bang Controller and Sliding Mode [3], they have been
developed from this simple on/off controller with state equations.

The purpose of this paper is to demonstrate the application of the on-off controller in control system. To understand the
behavior of an on-off controller in various aspects, the WinFACT version 6.1.1.251 (Education) program is used to simulate all

cases including 2-leveled and 3-leveled on-off function with PT1 and PT1T2.

' Section of Electrical Engineering, Rajamangala University of Technology Suvarnabhumi, Supanburi, Thailand.

'Corresponding author. E-mail: preecha_s@rmutsb.ac.th
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Methodology

1. Theory and related works
1.1 Characteristics of the 2-leveled and 3-leveled on-off function

In general, the basic 2-leveled on-off function generates two-status output signal with hysteresis (or
differential gaps, S, ). But for the 3-leveled on-off function, it is composed of two 2-leveled on-off
functions. Both 2-leveled and 3-leveled on-off functions can change the output signal depending on the
direction of the input signal. If S, =0, the output signal will be changed to a high value when the input
signal increases beyond the zero point. On the other hand, the output signal will be changed to a low
value when the input signal decreases below the zero point. The equation (1) can also explain this
operation accordingly. If the output signal is wanted to change at another turning point, not a zero, the
differential gaps can be adjusted as S, #0. According to (Figure 1), both 2-leveld and 3-leveled with and

without hysteresis cases are shown in a clear comparison.
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Figure 1 a) Characteristics of a 2-leveled on-off function

b) Characteristics of a 3-leveled on-off function

From (Figure 1a), regarding the Output (A), when S, =0 , the output signal will be changed from 0
to 10 volts when the input signal increases and passes the zero point. On the contrary, the output signal
will be changed from 10 to O volt when the input signal decreases and gets lower the zero point which
can be explained by the equation (1). Moreover, regarding the Output (B) in (Figure 1a), when S, =1, the
output signal will be changed from 0 to 10 volts when the input signal increases and passes 0.5 volt. On
the contrary, the output signal will be changed from 10 to 0 volt when the input signal decreases and gets

lower than -0.5 volt.

_ ymin If X(t) < O
Yo _{ymax it x(t)>0
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From (Figure 1b), regarding the Output (A), when S, =0, the output signal will be at 0 volt when
the input signal is lower than -0.5 volt ()gj) and it will be 5 volts when the input signal is between -0.5
()QJ) and 0.5 volt (XO) , and it will be 10 volts when the input signal is more than 0.5 volt (XO) which can

be explained by the equation (2).

Yo if x(t) <X,
y(t) =1 Yn if x, <x(t)<x, @)
Yo if x(t) > X%,

(Figure 2a) and (Figure 2a) below demonstate the two types of the controller, which are a 2-leveled
and a 3-leveled on-off function respectively. For the Output (A), both graphs show the controlling function
without hysteresis and for the Output (B), both graphs show the controlling function with hysteresis.
Regarding (Figure 2), it shows two graphs in x-y format in which the x axis is the input signal and the y
axis is the output signal. When the input signal is assumed to vary its value from 0 up to 1.0 volt, this type
of input signal change is called a forward direction (F). On the contrary, when the input signal varies its
value from 1.0 down to 0 volt, this type of change is called a backward direction (B).

Regarding the Output (B) shown in (Figure 1b) and (Figure 2b), when S, = 0.5and the input signal
moves in forward direction (F), it results in that the output signal is at 0, 5, and 10 volts when the input
signal is between -1.0 and -0.25 volt, -0.25 and 0.75 volt, and higher than 0.75 volt respectively. On the
other hand, in backward direction (B), the output signal is at 10, 5, and 0 volts when the input signal is

between 1.0 and 0.25 volt, 0.25 and -0.75 volt and lower than -0.75 volt, respectively.
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Figure 2 a) 2-leveled on-off function in an x-y graph format

b) 3-leveled on-off function in an x-y graph format
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1.2 Chattering problem

The high frequency switching itself is the chattering problem. It can possibly damage the
equipment and the connected systems. One of the possible solutions is to choose a suitable differential
gaps value for each individual case. To observe the chattering problem, a 2-leveled on-off function with
PT1 simulated in a form of a block diagram shown in (Figure 3a) is chosen to study. Moreover, the
chattering problem and its solution are shown in (Figure 4a) and (Figure 4b) respectively. The

configuration parameters are given in details in Table 1 below.

Table 1 Configuration parameters

Elements Groups Parameter Values
Function generator Sources Pulse, Amplitude=5, Offset=0, TD=0.5
Junction Function + -
HYST-element Dynamic yMin=0, yMax=10, GainK=100000, Hysteresis width dx=0.5
PT1-element Dynamic K=1,T=0.5
YTPLOT Drain -

Note: the step size = 0.01 sec.

(Figure 3) shows a series of simulated diagrams of the on-off function control. And (Figure 3a) is
an example of the simulated diagram showing that the reference signal (w) is generated from the function
generator. The error signal (e), which is the input signal for the controller (2-leveled on-off function,
HYST), is resulted by the reference signal (w) subtracted by the feedback signal (r) at the junction point.
The controller's output signal, which can be called a manipulated variable (y), is sent to stimulate the
control plant according to the control law. The controlled signal (x) is the actual output signal received
from the control plant.

In addition, the simulation result of (Figure 3a) is shown in (Figure 4) in the form of time-response
curves, in which the simulation results both without and with hysteresis are explained with (Figure 4a) and
(Figure 4b), respectively.

In (Figure 4a), the high frequency switching can be observed clearly in the output signal (y) curve.
A possible solution for the chattering problem occurred in (Figure 4a), it is to adjust the hysteresis which
is demonstrated in (Figure 4b), where the steady state error is seen in a larger magnitude and a longer
time period when the hysteresis is adjusted in a higher value. The simulation results of the on-off function

controller both without and with hysteresis give the same results as in the experiment shown in (Figure 5).
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2. Types of on-off function controller configuration
2.1 a 2-leveled on-off function with PT1T2 controlled system

Based on (Figure 3a), the simulation of a 2-leveled on-off function with PT1T2 control system
needs the change of PT1 to PT1T2. The entire simulation done with the step size at 0.01 second. The

configuration parameters are shown in details in Table 2.

Table 2 Configuration parameters of 2-leveled on-off function

Element Group Parameter values
Function generator Sources Pulse, Amplitude = 5, Offset=0, TD=0
Junction Function + -
HYST-element Dynamic yMin=0, yMax=10,GainK= 100000,Hysteresis width dx=0.5
PT1T2-element Dynamic K=1,T1=30,T2=10

2.2 a 3-leveled on-off function with PT1T2 controlled system
The simulation diagram is shown in (Figure 3b), where two reference signals: w and W, are set

according to the parameters given in Table 3.

Table 3 Configuration parameters

Element Group Parameter values
Function generator Sources Pulse, Amplitude = 4, Offset = 0, TD =0
CONST Sources 6
Junction Function + -
HYST-element Dynamic yMin=0,yMax=5,GainK=100000,Hysteresis width dx=0.5
PT1T2-element Dynamic K=1,T1=30,T2=10

2.3 a 2-leveled on-off function with PT1T2 controlled system and delay feedback

The configuration parameters needed for the diagram setup as in (Figure 3c) are as same as
shown in Table 3, but with an addition of PT1T2-element, where K =1, T = 10, and T = 0.1, from which
the output signal X is given. It, as a result, gives a simulation diagram where the level of error signal (w -
(x+ X, ) is decreased, causing a high frequency switching with a slight amplitude oscilate, which yeilds an
exact effect occurred in the case of decreasing hysteresis. The output signal amplitude is reduced by
factor X (x=w-e-X).
2.4 a 2-leveled on-off function with PT1T2 controlled system and elastic feedback

To solve the problem of low output signal caused by X, the elastic feedback elements with two

PT1s are connected in the diagram as shown in (Figure 3d), in which the required parameters are given
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in Table 3, with an addition of PT1 (1) and PT1 (2). The two added PT1s make the entire system function
as a PID controller, when PT1 (1) which has K= 1 and T = 30 functions like D controller and when PT1 (2)

which has K= 1and T = 10 functions like | controller.

Results and discussions

The definitions of parameters are given to explain the characteristics of each controller: X is the
average value of a controlled signal, e is the result of w when it is subtracted by x, %ripple is the result of
(K = X )/ W) ¥100, %T,, /Togiog i the result of (T, /Togiog)¥100 and T, is the switching
period of a manipulated signal.

Table 4 shows the relationship between reference signal (w), manipulated signal (y) and error
signal (e) in two cases: 1) without hysteresis and 2) with hysteresis. The 2-leveled on-off function without
hysteresis causes high frequency switching or chattering problem. But the 2-leveled on-off function with
hysteresis results in 25 %ripple when the reference signal is 2 and %ripple tends to decrease when
reference signal is at a higher value. For average value of a controlled signal, both types of the 2-leveled
on-off function give a slightly different result. The reference signal (w) at the middle of the manipulated

signal causes the duty cycle of manipulated signal at approximately 50%.

Table 4 The simulation results of a 2-leveled on-off function with PT1

w Without Hysteresis With Hysteresis(sd = 0.5)

% |e| %ripple | %To/Towioa | Tow | % e %ripple | % Ton/Touion | Ty
21210 0 20 0.05| 2.0 0.0 25 18.9 0.95
51510 0 50 0.02 | 4.99 | -0.01 10.2 50.0 0.61
71710 0 75 0.04 | 6.99 | -0.01 7.28 67.6 0.73

Table 5 shows the relationship between differential gaps, manipulated signal and error signal
when the reference signal (w) is 5. When the differential gaps are increased, it results in a longer

switching period and a higer steady state error value. The differential gaps have no significant impact on

the manipulated signal duty cycle.

Table 5 The simulation results of a 2-leveled on-off function with PT1

Sd X € %ripple %Ton/Tperiod TSN
0.2 4.99 -0.01 4.2 46.1 0.26
0.5 4.99 -0.01 10.2 50.0 0.61
0.8 5.0 0 16 50 0.97
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Table 6 shows the relationship between a 3-leveled on-off function, manipulated signal and error signal.
For the transient interval, when Sdl and SdZ is fixed at 0.5, the operation begins with the highest value (10
V). For the steady state interval, when the reference signal is lower than the middle value of the
manipulated signal, the other two lower values are switching. However, when the reference signal is
higher than the middle value of the manipulated signal, the two higher values are switching. In addition,

transient response time is shown in the last column.

Table 6 The simulation results of a 3-leveled on-off function with PT1T2

W w | ox e %ripple | % Ton/Towioa | values | Ty, | TR®
1 | 2 | 2005 | 0.005 335 42.6 05 | 293|078
4 | 6 5 0 0 100 5 - 1219
6 | 8 | 6.1 0.1 12 22.3 510 | 3.99 | 3.44

*Note: TR = transient response time

Table 7 shows the relationship between reference signal (w), manipulated signal and error signal.

Though a 2-leveled on-off function with PT1T2 and delay feedback gives a low %ripple, which is lower

than 1%, the value of the steady state error is comparatively high.

Table 7 a 2-leveled on-off function with PT1T2 and delay feedback

Table 8 shows the relationship between reference signal (w), manipulated signal and error signal.

The 2-leveled on-off function with PT1T2 and elastic feedback gives %ripple which is lower than 5%, and

w X e %ripple %Ton/ Toerioa | Tow
2 1.48 0.52 0.3 16 4.77
5 2.47 2.53 0.2 24 3.15
7 3.47 3.53 0.14 35 2.56

the value of the steady state error is lower than 0.03.

Table 8 a 2-leveled on-off function with PT1T2 and delay elastic feedback

w e e %ripple | % Ton/Towios | Tow
2 1.97 -0.03 3.1 20.3 9.83
5 4.99 -0.01 0.7 54.4 6.15
7 7.01 0.01 0.65 70.3 7.44
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(Figure 6) shows that a 2-leveled on-off function with PT1T2 controlled system has a steady state
error at 16 %ripple, and a 3-leveled on-off function with PT1T2 controlled system shows no steady state
error at over 140 seconds, and a 2-leveled on-off function with PT1T2 controlled system and delay
feedback results in the highest error caused by X, and a 2-leveled on-off function with PT1T2 controlled
system and elastic feedback functions like the PID controller because it has quick transient response and

no steady state error.

6
2.
X 2N

47_ N (2.4) N
2_
} \ (2.3)

0 20 40 60 80 100 120 140 160
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(2.2)

Figure 6 transient response of four controller types

(Figure 7) shows manipulated signal (y) of the four controllers. Regarding the switching period, a
3-leveled on-off function with PT1T2, a 2-leveled on-off function with PT1T2, a 2-leveled on-off function
with PT1T2 and elastic feedback and a 2-leveled on-off function with PT1T2 and delay feedback are

listed from the longest to the shortest respectively.
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Conclusion

From the simulations and experiments on the 2-level and 3-level on-off function controllers, the results can
be concluded as follows:

1. a 2-leveled on-off function without hysteresis, which is not generally used in the real working
context, causes chattering problem;

2. the preferred reference signal (w) should be at the middle of the manipulated signal because
the manipulated signal duty cycle will be approximately 50% which is safe for the actuator element;

3. if the differential gaps are increased, it results in a longer switching period and a higher
steady state error value;

4. a 3-level on-off function allows appropriate manipulated signal level to be chosen for a better
steady state error value;

5. although a 2-leveled on-off function with PT1T2 and delay feedback gives a smooth transient
response, it results in a higher steady state error value;

6. a 2-leveled on-off function with PT1T2 and elastic feedback can solve the problem of a higher
steady state error value;

7. the transient reponse caused by each controller type is slightly different; however, the steady
state error value is significantly different depending on the type of controller.

8. a 2-leveled on-off function with PT1T2 and elastic feedback function as a PID, where PT1 (1)
and PT1 (2) functions like D and | controller respectively, and parameters can be adjusted for a satisfying

response.
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Optimized working conditions of Thai-made Irrigation Pump

by Response Surface Methodology

Benya Kasantikul,v Santi Laksitanonta’ and Winai Bodhisuwan’

Abstract

This research aim was to study the effects of changes on the working conditions of Thai-made Irrigation Pumps and to
establish the optimum conditions for maximum efficiency of a 6- inch- 6 ft Thai-made Irrigation Pump. The research was
conducted by using experimental design to study the impacts on operating conditions, consisting of three independent
variables: the number of impeller blades, speed and total static pressure, and two dependent variables: the efficiency of
the pump and the flow rate. The results of statistical analysis showed that the number of impeller blades, speed and total
static head pressure affected the efficiency of the pump. The results which were obtained from the experimental Box-
Behnken design and response optimizer showed that at least 60 percent pump efficiency can be achieved by using eight
blades on the impeller; a an operating speed of 1000 rom and at a 0.95 m total static pressure, this could increase the
efficiency up to 68.12 percent.

Keywords : Response Surface Methodology, Impeller, Efficiency and Thai-made Irrigation Pump

Introduction
From the past to present Thailand, Thai-made Irrigation Pumps (TmIP) have played an important
role in Thai farming and irrigation systems (Figure 1) and Table 1. This can be evidently seen from the
annually increasing number of them found and used either in paddy fields, vegetable and fruit orchards,
or aquatic farms. This is also because of the TmIP's advantages of being cheap, easy to use and
maintain, convenient to move and simple for even a small factory to produce. However, its operational

efficiency and optimized suit abilities still have been rarely determined and need to be studied further and

developed.
o
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Figure 1 Thai-made Irrigation Pumps (TmIP)
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Table 1 Parts of Thai-made Irrigation Pumps (TmIP)

No. Parts No. Parts

1 strainer 9 Rubber bearing

2 Mixed flow impeller 10 Oil seal

3 Diffusion vanes and bearing support 11 Bearing housing

4 Rubber bearing 12 Grease pot

5 Drive shaft 13 Oil seal

6 Shaft coupling 14 Ball bearing

7 Flange with rubber seal 15 Collar and lock unit
8 Extra bearing holder for longer pump 16 Discharge pipe

In order to properly design an irrigation pump of maximized efficiency, the nature of flow within is
fundamentally required to be learned and understood, thus computer programs or IT techniques are included
to be used as an alternative technique. According to Dick, et. al. (2001), a computer program of Fluent Code
was used to predict the irrigation pump’s performance through techniques of Multi Reference Frame (MRF),
Mixing Plane (MP) and Sliding Mesh (SM). Then, it was found that the results from Multi Reference Frame
(MRF) and Mixing Plane (MP) were less accurate than that from Sliding Mesh (SM) and a more definite pattern
of the within flow was also found.

Later, Cheah, et. al. (2007) used a computer program of a flowing simulation model of ANSYS CFX
Code and a confusing flowing simulation model of k-& to examine the within flow patterns and the pressure
fields at the designated point and others beyond and it was found that, at the designated point, the field of
within flow of impeller blades was fairly smooth and the phenomenon of Flow Separation at the Leading Edge
together with the Vertical Flow Structure, both single and double, in the flow channel was also discovered. In
addition, at other points beyond the designated — at the middle of the flow channel, strongly circulated flow
resulting in the phenomenon of Flow Blockage and less efficiency, respectively was also found. (Miner, 2005;
Goto et al., 2002; Muggli et al., 2002)

As for the TmIP’s operation, Keawprakaisaengkul C. (1996) examined pumps of smaller size, a 15 HP
with a diameter of 152 mm. and total static pressure at 1.00 m. Before improvement, the maximized efficiency
was at 56 % at 1,000 rpm, with the flow rate of 51.1 liter / second and transmission power of 2.37 kilowatt. After
improvement, the maximized efficiency was at 58.7% with the flow rate of 50.9 liter / second and transmission
power of 2.427 kilowatt. In terms of efficiency, however, it seemed there was very little improvement.

According to Kasantikul and Laksitanonta (2011), the effects of the number of impeller blades on the
operation of the pump were studied through the method of flow simulation by a computer program. The results
showed that the more impeller blades the pump had, the more discharge pressure increased. Six impeller
blades gave a more consistent distribution of speed than 4 impeller blades. In addition, the phenomena of Tip-

Vortex and strong recirculation were also found when the pump worked at a lower rate of flow.
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Due to the significance mentioned above, this study therefore needs to be conducted. Even
though some previous related studies using computer programs to simulate the flows in the pumps can
provide more definite patterns of the flows and are very helpful in designing an efficient pump, the
comparison of experimental results are the best way to indicate how accurate and valid the results are
from flow simulation by computer programs. Accordingly, this study is to examine the impacts on
operational conditions of the TmIP as well as to determine an appropriate variable to make the pump

achieve an efficiency of 60%.

Materials and Methods
1. Conceptual Framework of the study
In an engineering design, first is to identify the independent variables and then to determine their
degrees of impacts / influences on the dependent variables. Thus, the conceptual framework of the
research consisted of the independent variables and their influence levels on the dependent variables

are shown in (Figure 2.)

Variables and Levels to be studied

Independent Variables Levels
No. of Blades 4, 6 & 8 Blades
Speed 600, 800, 1000 rpm

Figure 2 Variable influencing the pump’ efficiency

According to Figure 2, these variables influence the pump’s efficiency, we wanted to determine the
proper values of the variables to achieve at least 60% efficiency; therefore, response surface methodology
was used and at least 3 levels were set to determine the maximum values by the independent variables

(Chutima, 2002). (Figure 3) shows the test rig for the experiment.

Figure 3 the test rig of the experiment
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2. The response surface methodology and the Box-Behnken Design

Response surface methodology is designed to allow investigators estimating interactions, and
therefore giving them an idea of the shape of the response surface they are studying. This approach is
often used when simple linear and interaction models are not adequate, e.g. experimentation far from the
region of optimum conditions (Meyers, 1971; Box et al., 1987). Here, the experimenter can expect the
curvature to be more prevalent and will need a mathematical model which can represent the curvature.

The simplest such model has the quadratic form Equation 1:

y = Bot T Bixi+ X Buxit + Z{'(=1Zf=1.3ij Xix;+¢& )

which contains linear terms for all factors, squared terms for all factors, and products of all pairs of
factors. In this study, for example, X1 and X2 terms correspond to reaction temperature and flow as they
relate to predicting absorbance. In the above equation B is the coefficient, akin to a regression
coefficient. In other words it gives a measure of the rate of change in absorbance per unit change in
reaction temperature or flow.

The Box-Behnken design is considered as an efficient option in response surface methodology
and an ideal alternative to central composite designs (Deming and Morgan, 1993). It has three levels per
factor, but avoids the corners of the space, and fills in the combinations of center and extreme levels
(Figure 4). Overall, it combines a fractional factorial with incomplete block designs to avoid the extreme
vertices and to present an approximately rotatable design with only three levels per factor (Deming and

Morgan, 1993).

+1

Figure 4 Box-Behnken design with three levels per factor

This study was conducted using the Box-Behnken design including 3 independent variables;
number of blades, speed and total static pressure and the pump’s efficiency, to be studied. The
engineering design of the experiment (DOE) was applied to examine the influences (Montgomery, 2004)
and to simplify them for further practice. Then, response surface methodology and response optimizer

were used to determine the proper conditions.
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This is a design of 3- Level response surface. It is the combination of 2k factorial design and
incomplete block design. The design result is the efficiency in terms of the target runs. Because it is a
design of ball shape with 2 — inch radius not including any points of apex of the cube made from the
upper and lower limits of each variable, it is very helpful when the points on the cube’s corner are the
factor-level combination which is so expensive that it can be impossible to do experiment due to the
physical limitations of the procedure.

In combination, these two strategies can help in optimizing experimental procedures in a reduced
number of studies as well as providing essential information for appropriate decisions of the future of the
procedure. This approach is opposite to the classical univariate approach. Univariate methods are time
consuming in that the response is investigated for each factor while all other factors are held at a
constant level. This approach is relatively simple and suitable for factors that are independent. However,
univariate methods do not take interactive effects between factors into account.

There were in total 15 experiments including 1 repetition in which 1, 0, -1 values of the blade
number, head’s height and speed were 8, 6 and 4; 0.85, 0.90 and 0.95 and 600, 800 and 1000 rpm,

respectively as shown in Table 2.

Table 2 Data collected from experiments

Coded - Values Type Uncoded - Values Type
Std Run Std Run No. of
A B C Speed Head
Order Order Order Order | Blades
13 1 0 0 0 13 1 6 800 0.9
10 2 0 1 -1 10 2 6 1000 0.85
6 3 1 0 -1 6 3 8 800 0.85
15 4 0 0 0 15 4 6 800 0.9
11 5 0 -1 1 1 5 6 600 0.95
7 6 -1 0 1 7 6 4 800 0.95
9 7 0 1 -1 9 7 6 600 0.85
4 8 1 1 0 4 8 8 1000 0.9
2 9 1 -1 0 2 9 8 600 0.9
12 10 0 1 1 12 10 6 1000 0.95
5 1" -1 0 -1 5 1" 4 800 0.85
8 12 1 0 1 8 12 8 800 0.95
1 13 -1 -1 0 1 13 4 600 0.9
3 14 4 1000 0.9 3 14 4 1000 0.9
14 15 6 800 0.9 14 15 6 800 0.9
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Results and Conclusion

After all experiments had been respectively conducted according to Table 2, the results were as
shown in Table 3.

The procedure of result analysis began with the validation of the experimental results through
3 hypotheses using Minitab 16.0. According to (Figures 5), the validations are as follows:
1. Validation of normal probability plot
2. Validation of residual versus order
3. Validation of variance stability versus fits

It was found that the experimental results were in the 3 hypotheses which could be statistically
tested. Fractional factorial designs have been shown to have a major limitation, in that the main effects
are often confounded with interaction terms. Taking this into account, along with the results achieved from
the fractional factorial design, experiments aiming to determine if further optimization could be achieved

were performed by a Box-Behnken design.

Table 3 Experimental Results

Dependent
Order of Independent Variables Variables
Experiments No. of Blades Speed Head % of Eff
13 6 800 0.9 56.92
10 6 1000 0.85 66.69
6 8 800 0.85 24.08
15 6 800 0.9 56.92
11 6 600 0.95 26.15
7 4 800 0.95 35.55
9 6 600 0.85 31.98
4 8 1000 0.9 36.04
2 8 600 0.9 17.19
12 6 1000 0.95 68.12
5 4 800 0.85 39.07
8 8 800 0.95 33.02
1 4 600 0.9 17.26
3 4 1000 0.9 44.61
14 6 800 0.9 56.92
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(Figure 6) shows the analysis data of the experimental results, the main variable which influences
the pump efficiency is the speed; the regression equation representing the relationship is as follows:

Y =56.92 - 3.27 No. of Blades + 15.36 Speed — 0.1275 Head — 21.725 No. of Blades’ - 6.42 Speed2 -
2.265 Head’ — 2.125 No. of Blades x Speed + 3.115 No. of Blades x Head + 1.1815 Speed x Head

When R’is considered, it indicates the degree of variation which can be describe by a equation
equal to 96.56 % which is considered high performance and can represent the relationship between
independent and dependent variables.

(Figure 7) shows each variable which influences the pump efficiency.

(Figure 8) shows an interaction of the variables influence the efficiency.

(Figure 9) shows the contour plots of the dependent variables affecting the pump efficiency
Residual Plots for %@ Efficiency

Normal Probability Plot Versus Fits
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Figure 5 Validation of the analyzed results
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Response Surface Regression: %o of Eff versus No.of Blades, Speed, Head

The analysis was done using coded units.

Estimated Regression Coefficients for % of Eff

Term Coef BSE Coef T B
Constant 5&_3200 3.034 18_Te3 0.000
Ho.of Blades -3_27T00 1.858 -1.7ed 0.13%
Speed 15. 300 1.858 g8.2e8 0.000
Head 0.1275 1.858 0.0e5 0.548
NHo_of Blades*HNo_of Blades -Z1_T7250 2_.734 -T_.%45 0.001
Speed*Speed —-&. 4200 2.734 -Z_.348 0.0gc
Head*Head —-Z.Z2e50 2.734 -0.BZ8 0.44%
No.of BElades*Speed —-2.1250 2.827 -0.B0% 0.45%5
No.of Blades*Head 3.1150 2.827 1.18e 0O.285
Speed*Head 1.8150 Z2.827 0.831 0O.5Z0
5 = 5.2543Z PEESS = ZZ0B2.&3
BE-5g = S£.5€% ER-Sgipred] = 44_85%% R-S5gladj) = 30.36%
Bnalysis of Variance for % of Eff
Source iy Seq 58 Ldy 858 Ldj MS F o
Begression 5 38€5_85 38€5.85 425 58 15_.57 0.004
Linear 3 1573.11 1573.11 &57.70 23.82 0.002
No_of Elades 1 g85_54 85_54 85_54 3.10 0.13%
Speed 1 1887.44 1887_44 1887_44 €8_.37 0.000
Head 1 0.13 0.13 0.13 0.00 0.548
Sguare 3 18Z€.€8 1BZ&.&8 €08.8% 2Z22.0€& 0.003
No.of Elades*No.of Blades 1 1eeZ.85 174Z.e8 174Z. &8 €3.12Z 0.001
Speed*Speed 1 144 8% 152.18 152.18 5.51 O0.0e&
Head*Head 1 18.54 18.54 18_54 0.€% 0.445
Interaction 3 T0.05 TO.05 2335 0.85 O0.5Z%
No.of Elades*Speed 1 1g8.0& 18.0& 18. 08 0.e5 0.455
No.of BElades*Head 1 3g.81 g8l 3g.81 1.41 0.28S
Speed*Head 1 13.18 13.18 13.18 0.48 0O.5Z0
Besidusl Error ] 138.04 138.04 Z27.8l
Lack-of-Fit 3 138.04 138.04 4801 * *
Pure Error 2z o.00 o.00 o. 00
Total 14 4007.8%

Figure 6 Analysis data of the experimental results
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Figure 7 Variables influence the efficiency
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Interaction Plots for % Efficiency
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Figure 8 Interaction of the variables influence the efficiency
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Figure 9 Contour Plots of the Dependent variables affecting the pump efficiency

According to (figure 7-9) when number of the blades is considered, it precipitously rises the pump
efficiency from 4 to 6 blades whereas precipitously drops from 6 to 8 blades, in addition, from the
interaction between variables influence, the higher the speed is, the efficiency in each number of blades
increases. When the speed is considered, it precipitously raises the pump efficiency in all cases. When
the head pressure is considered, it shows no significant.

After the influences of all variables have been analyzed and the regression equations have been
determined, the function of Response Optimization in Minitab 16.0 is used to determine the optimized

values of all variables to achieve the target efficiency.
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Number of Blades 8 Blades
Speed 1000 rpm
Head’s Height 095 m

Then maximized efficiencies are as shown in (figure 10):

i Mo.of Bl Speed Head %o of Eff
optimal | ;0p &8.0 i0oo.0 0.950 68.120
CLr [7.1919] [1000.0] [0 85a] [17-190]

0.03909 | gy 4.0 &600.0 o.850 17.190

Composite
Dresirability
o.0z909

O ptPoint
MMaxirmurm
¥ = 2.34549
d = 0.0=2909

Figure 10 Optimal values of variables to achieve the target efficiency
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Micro hydropower : A review

"
Orawan Jantasuto

Abstract

Energy resources have three categories: fossil fuels, renewable resources and nuclear resources. Renewable
energy resources can be taken to produce energy again and again e.g. hydropower, solar energy, wind energy, biomass
energy etc. Hydropower technology has been with us for more than a century. Hydropower is the world’s largest clean and
renewable energy source with almost negligible levels of greenhouse gas emissions. Hydropower systems are based on a
simple process, taking advantage of the kinetic energy freed by the flowing and falling of water. This paper consists of a
brief description of the measurement of flow, methodology and hydro-turbines selection for developing a micro hydropower
project.

Keywords : micro hydropower, hydro-turbine, measurement of flow

Introduction

Many hydropower projects built at the beginning of the 20" century are still operating today.
Hydropower is the world largest clean and renewable energy source with almost negligible levels of
greenhouse gas emissions. About 16% of the world electricity is from hydroelectricity which represents
more than 85% of the world’s renewable electricity produced. More than 150 countries now produce
hydroelectricity. Total global hydropower potential is approximately 970 GW with the addition of 25 GW of
new capacity in the year 2011. World hydroelectricity energy production was about 3500 TWh in the end
of 2011: China, Canada and United States together produce almost half of the world’s hydroelectricity.
About seven countries have hydroelectricity production of more than 100 TWh and six countries produce
more than 50% of their total electricity needs from hydropower [1].
Flowing and falling water have potential energy. Thus Hydropower comes from converting energy in
flowing water by means of a water wheel or through a turbine into useful mechanical power [2]. The
turbines installed at that time are still running at very high efficiencies of 80-90%. Indeed, hydropower is

based on a simple process, taking advantage of the kinetic energy freed by falling water [3].

Micro hydropower

Micro-hydropower systems are relatively small power sources that are appropriate in most cases
for individual users or groups of users who are independent of the electricity supply grid. Hydropower
systems are classified as large, medium, small, mini and micro according to their installed power

generation capacity. Electrical power is measured in watts (W), kilowatts (kW) or megawatts (MW) [2].
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Table 1 Classification of hydropower by size [4].

Large- hydro More than 100 MW and usually feeding into a large electricity grid
Medium-hydro 15-100 MW - usually feeding a grid

Small-hydro 1-15 MW - usually feeding into a grid

Mini-hydro Above 100 kW, but below 1 MW:; either standalone schemes or more often

feeding into the grid

A micro-hydropower system is generally classified as having a generating capacity of less than
100 kW. Systems that have an installation capacity of between 100 kW and 1000 kW (1.0 MW) are
referred to as mini-hydro. Small hydro is defined as having a capacity of more than 1.0 MW and up to 10
MW, although in Canada small-hydro can be defined by provincial and territorial utilities as having a
capacity of less than 30 MW or 50 MW [2].
Micro-hydro systems have the following components:
® a water turbine that converts the energy of flowing or falling water into mechanical energy
that drives a generator, which generates electrical power - this is the heart of a micro
hydropower system
® acontrol mechanism to provide stable electrical power
® electrical transmission lines to deliver the power to its destination
Depending on the site, the following may be needed to develop a micro-hydropower system [6]

(Figure 1):

LEGEND

— Intake/weir

— Canal/pipeline
— Forebay tank

- Penstock pipe
- Powerhouse

- Tailrace

- Transmission
line

Figure 1 Principal components of a micro-hydropower system
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® Anintake or weir to divert stream flow from the water course

® Canal/pipeline to carry the water flow to the forebay from the intake

® A forebay tank and trash rack to filter debris and prevent it from being drawn into the turbine at
the penstock pipe intake

® A penstock pipe to convey the water to the powerhouse

® A powerhouse, in which the turbine and generator convert the power of the water into electricity

® A tailrace through which the water is released back to the river or stream

Figure 2 shows the main components of a run-of-the-river micro-hydro scheme. This type of
scheme requires no water storage but instead diverts some of the water from the river which is channeled
along the side of a valley before being ‘dropped’ into the turbine via a penstock. In figure 2, the turbine
drives a generator that provides electricity for a workshop. The transmission line can be extended to a

local village to supply domestic power for lighting and other uses [4].

Settling basin

Aqueduct

Channel
Forebay tank

Intake weir

Penstock

Hydro-powered

Power house workshop

containing turbine

Figure 2 Layout of a typical micro hydro scheme

There are various other configurations which can be used depending on the topographical and

hydrological conditions, but all adopt the same general principle [4].

1. Measurement of flow

The purpose of a hydrology study is to predict the variation in the flow during the year. Since the
flow varies from day to day, a one-off measurement is of limited use. In absence of any hydrological
analysis, a long-term measuring system may be set up. Such a system is often used to reinforce the

hydrological approach and is also the most reliable way of determining actual flow at a site. One-off
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measurements are useful to give a spot check on hydrological predictions. The flow measuring

techniques discussed here are [5]:

1.1 Measuring weirs

A flow measurement weir is a weir with a notch in it through which all the water in the stream is
made to flow/pass. The flow rate can be determined from the difference in height between the upstream
water level and the bottom of the notch. For reliable results, the crest of the weir must be sharp and
sediment must be prevented from accumulating behind the weir.

Weirs can be made of concrete, metal or even timber and must always be oriented at right angles
to the stream flow. Location of the weir should be at a point where the stream is straight and free from
eddies. Upstream, the distance between the point of measurement and the crest of the weir should be at
least twice the maximum head to be measured. There should be no obstructions to flow near the notch

and the weir must be perfectly sealed against leakage.

1.2 Rectangular notch measuring weir

For short-term or dry-season measurements, temporary measuring weirs (generally made of wood)
are used and are staked into the bank and stream bed. It is necessary to estimate the range of flows to
be measured before the weir, to ensure appropriate sizing of the weir notch. The use of permanent weirs
may be a useful approach for small streams, but for larger streams staging of weirs would be a better

alternative.

1.3. 'Salt gulp’ method

The ‘salt gulp’ method of flow measurement is adapted from dilution gauging methods with
radioactive tracers used for rivers. It is somewhat easy to carry out, reasonably accurate (error probability
is less than 7%), and reliable for a wide range of stream types. It gives better results the more turbulent
the stream. Using this approach, a spot check of stream flow can be taken in less than 10 minutes with
very little equipment.

A bucket of heavily salted water is poured into the stream. The cloud of salty water in the stream
starts to spread out while travelling downstream. After some distance downstream it will have filled the
width of the stream. The cloud will have a leading part which is weak in salt, a middle part which is strong
in salt and a lagging part which is weak again. The saltiness (salinity) of the water can be measured with
an electrical conductivity meter. If the stream is small, it will not dilute the salt very much, so the electrical
conductivity of the cloud (which is greater the saltier the water) will be high. Therefore low flows are

indicated by high conductivity and vice versa.
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The flow rate is therefore inversely proportional to the degree of conductivity of the cloud. The above
phenomenon assumes that the cloud passes the probe in the same time in each case. But the slower the
flow, the longer the cloud takes to pass the probe. Thus flow is also inversely proportional to the cloud-
passing time. The equipment needed for ‘salt gulp’ flow measurement are a bucket, table salt, a

thermometer and a conductivity meter (range 0-1000 m).

1.4. Bucket method

The bucket method is the simplest and fastest way of measuring flow in very small streams. The
entire flow is diverted into a bucket or barrel and the time for the container to be filled is recorded. The
flow rate is obtained simply by dividing the volume of the container by the filling time. Flows of up to 20 I/s

can be measured using a 200-litre oil barrel. Equipment needed is a bucket/barrel and a stopwatch.

1.5. Float method
The principle of all velocity-area methods is that flow (Q) is equal to the average velocity (V) over a

uniform cross-sectional area (A). Mathematically it can be represented as:

Q=VxA (1)

The cross-sectional profile of a stream bed is selected in such a way that it does not alter too
much over a certain distance/length of the stream (one can also take an average cross-section for a
known length of stream — provided the stream bed is not altering too much). A series of floats, mostly
pieces of wood, are then timed over a measured length of stream. A flow velocity is obtained by
averaging the results over a large number of trails. This velocity must then be reduced by a correction
factor which estimates the mean velocity as opposed to the surface velocity. By multiplying averaged and

corrected flow velocity, the volume flow rate can be estimated.

1.6 Current meters

This is more accurate than the float method. A current meter consists of a shaft with a propeller or
revolving cups connected to the end. The propeller is free to rotate and the speed of rotation is related to
the stream velocity. A simple mechanical counter records the number of revolutions of a propeller placed
at a desired depth. By averaging readings taken evenly throughout the cross section, an average speed

of the stream can be obtained.
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Methodology
To develop a micro hydropower project, there are a lot of considerations to be taken which are [6]:
1) Hydrology and site survey
2) Measurement of head
3) Measurement of flow
4)  Civil work components
®  Weir and intake
®  Channels
®  Settling Basin
" Spillways
®  Forebay tank
®  Penstock
5) Selection of turbine
®  Impulse turbines
®  Reaction turbines
6) Drive systems
7) Electrical power

One of the many methods for work for a micro hydropower project should cover the following [1]:

—

) Pre-project activities
2) Planning
®  Site/hydrological surveys
®  |oad demand and Socio-economic surveys
3) System planning/Engineering Design
4) Site Preparation
5) Procurement of Electro-Mechanical equipment (Turbines, Control devices/switch gears,
generators)
6) Civil works (weirs, intake, track-rack, canal/channel, forebay, spillway, penstock, etc.)
7) Building of powerhouse
8) Installations of turbines and generators
9) Construction Local/mini grids
10) Testing
11) Commissioning
12) Local Capacity Building on post project management, operation and maintenance

13) Monitoring & Evaluation
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3. Hydro-turbines selection

Turbines are also divided by their principle of operation and can be either impulse or reaction
turbines. The rotor of the reaction turbine is fully immersed in water and is enclosed in a pressure casing.
The runner blades are profiled so that pressure differences across them impose lift forces, akin to those
on aircraft wings, which cause the runner to rotate. In contrast an impulse turbine runner operates in air,
driven by a jet (or jets) of water, and the water remains at atmospheric pressure before and after making
contact with the runner blades.
Turbines can be crudely classified as high-head, medium-head, or low-head machines, as shown in

Table 2 [1].

Table 2 Impulse and reaction turbines

Head classification

Turbine type

High (>50 m) Medium (10-50 m) Low (<10 m)
Pelton Crossflow
Impulse Turgo Turgo Crossflow
Multi-jet Pelton Multi-jet Pelton

Francis (open flume)

Reaction Francis (spiral case) Propeller

Kaplan

For small and micro hydro schemes choices are limited to either Francis, propeller or Cross flow
types. The specific speed N, is another criterion for selection of a turbine operating at its optimum

efficiency. The specific speed is defined as [6].

N - NVP 2)

0.25

H

Where N is rotational speed of turbine in rom, p is output power in KW and H is net head in meter.

The range of the specific speeds for various turbines is given in Table 3.

Table 3 Specific speed

Turbine Specific speed
Pelton 8.5to 47
Turgo 30 to 85

Cross flow 2010 200

Francis 85t0 188
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Conclusion

Hydropower is a clean source of energy. It does not consume but only uses the water, and after
use the water is available for other purposes (although on a lower horizontal level). Hydropower covers a
wide variety of projects of different sizes, functions and designs. This in turn leads to widely different
impacts on and benefits for the natural and social environments. The conversion of the potential energy of
water into mechanical energy is a technology with a high efficiency (in most cases double that of
conventional thermal power stations). The use of hydropower can make a contribution to savings on
exhaustible energy sources (fossil fuels). MHP (Micro hydropower) contributes to sustainable
development by being economically feasible, respecting the environment (avoiding greenhouse gas
emissions) and allowing decentralized production for the development of dispersed populations. MHP

plants create local jobs for the monitoring of the operation of the plant [5].

Acknowledgment

This paper has been supported the presentation by Rajamangala University of Technology
Suvarnabhumi (RUS), Thailand.

References

[1]1 UNDP Nigeria-Energy & Environment, Project: “Building of a 30 KW Micro-Hydro Power Station”.

[2] Micro-Hydropower Systems: A Buyer's Guide. 2004. Canada.

[3] Dominique Egrea and Joseph C. Milewskib. 2002. The diversity of hydropower projects. Energy Policy 30 (2002). 1225 -
1230.

[4] Micro-hydro power. Practical Action. The Schumacher Center of Technology & Development.

[5] Dilip Singh. 2009. Micro Hydro Power. Resource Assessment Handbook. Asian and Pacific Centre for Transfer of
Technology of the United Nations — Economic and Social Commission for Asia and the Pacific (ESCAP).

[6] S. Khurana and Anoop Kumar. 2011. Small Hydro Power - A review. International Journal of Thermal Technologicies Vol.
1, No.1, (Dec 2011).

[7] Oliver Paish. 2002. Small hydro power: technology and current status. Renewable and Sustainable Energy Reviews 6
(2002). 537-556.

[8] W.A. Wan Zainal Abidin, A.K. Othman, H. Zen, M.F. Sabri, M.I. Jobli. Potential for Small-scale Hydro Power in Sarawak,
Borneo.

[9] Christian Arduser and Leif Karcheter. Civil works for micro hydro power units.

[10] Sivasakthy Selvakumaran. 2010. Low Cost Structures in Micro-Hydroelectric Power Generation.

52



Proceedings of The 5" Rajamangala University of Technology International Conference

Engineering and Research Industry

Eco-friendly Used Water Production using Natural Coagulants

Pathumthip Prabphanev and Khanittha Charoenlarp2

Abstract

The purpose of this research was to studying the most suitable conditions for the use of surface water and
coagulant seeds. The variables were as following: kind of seeds, initial turbidity and initial hardness. Latin square was used
as the experimental design. The initial turbidity were 62.5, 125, 250 and 500 NTU. The initial hardness were 75, 150, 300
and 600 mg/l and the kind of seeds were moringa seeds, tamarind seeds, corn seeds and green beans seeds. The
statistical analysis results showed that the initial hardness, initial turbidity and kind of seeds were not significantly influence
on the amount of reducing turbidity. However the initial hardness and kind of seeds were significantly influencing on the
amount of reducing hardness, but the initial turbidity was not significantly influencing on the amount of reducing hardness.

Keywords : Coagulation, Natural coagulant.

Introduction

In Thailand surface water either from rivers or rain fed ponds are the main sources of water supply.
River water drawn for human consumption and general household use can be highly turbidity particularly
in the rainy season. Turbidity in wastewater caused by suspended matter, such as clay, silt, finely divided
organic and inorganic matter, soluble colored organic compounds, and plankton and other microscopic
organisms. A turbid water has muddy or cloudy appearance and it is aesthetically unattractive [1].The
most widely applied conventional water treatment technology consists of coagulation and flocculation
stage to remove turbidity in the form of suspended and colloidal material. These processes are effective
at removing fine suspended particles that attract and hold bacteria and viruses to their surface. They can
remove up to 99.9% of the bacteria and 99% of the viruses from water supplies[2]. Many coagulants are
widely used in conventional water treatment processes, based on their chemical characteristics. These
coagulants classified into inorganic, synthetic organic polymers, and natural coagulants. Aluminium and
iron salts are the chemicals most commonly used together with synthetic organic polymers [3, 4].
However, AWWA; A. Ndabigengesereet al.; Raymond D. Letterman et al.; Robert G Miller et al. [5 - 8]
have reported that aluminium which is the major component of alum may induced the Alzheimer's
disease.

Plant extracts as an alternative method. This used for water purification for centuries. Moringa is
especially has been rated as the best plant extracts used for water purification[9]. It will have been

founding that the composition of Moringa causing coagulation during treatment. A protein that acts as a
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water-soluble cationic nature.lt will have been founding that the composition of Moringa causing the
capture during the driving force between particles.These particles are stable. So it must be a positive
addition to help in the capture of particles. This will result in the reduction potential of suspended
particles. This destabilize itself increase the likelihoodof exposure of suspended particles. Because

agglomeration called 'flocs' are large enough to settle down with gravity [10].

Materials and Methods

1. Materials
1.1 Preparation of extracts from seeds.
The seeds were baking at 110 for 8 hr.Grinding dry seeds to a fine powder with a grinder. Screened with
a 40 mesh screen size. By weighing 25 g dried powdered seeds mixed with sodium chloride and 1.0
mole / L spinning for 1 min, then filtered with muslin cloth. After filtering, the solution was filtered with a
filter paper No. 1.
1.2 Preparation of synthetic raw water.
The natural properties of raw water are not static depending on the season. Therefore, in this research we
used the synthetic raw water source. The quantity of the substance affects the hardness and turbidity in
the raw water are constant.

1.2.1 Preparation of turbidity synthetic water.

Preparation of solution turbidity for the 4,000 NTU, taking hydrazine sulfate (N,H,H

2° 742

SO,) 2.5 g of

distilled water, 200 ml mixed with hexamethylene ethylene tetrachloride min (C,;H,,N,) 25 g per 100 ml

12
distilled water and adjust the volume as. 500 ml stored at room temperature for 20 to 48 hr of testing a
Latin Square.

1.2.2 Preparation of hardness synthetic water.

Dissolve calcium chloride 0.304 g and magnesium chloride hexahydrated 0.304 g with distilled water
1 L. The solution has hardness 342 mg /L as a stock solution.

1.2.3 Test Jar tests

Jar test was using for flocculation as shown in Figure 1.The synthetic water 250 ml were puttingin a

beaker, and put water plants in the prepared stir speed 150 rpm for 1 min stirring slow 25 rpm for 30 min and then set aside 1 hr.

|

-
|

y
-

li

Figure 1 Jas test equipment.
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2. Experimental Design and Latin Square

Since this experiment has 3 variables that affected the efficiency of turbidity reduction and
reducing the hardness of the raw water wereinitial turbidity, initialhardness and kind of seeds. Each
variable has four values, so be sure to experiment 64 times, each of these experiments are very time
consuming. Therefore, the choice of the experimental design, Latin square to help reduce the number of
trials on the remaining trials, only 16 times as shown in Table 1. Hardness and turbidity were analyzed

byusing the American Standard Method for the Examination of Water and Wastewater, 20" ed. 1998. [5]

Table 1 Experimental plan design by the Latin Square technique

kind of seeds
initial hardness (mg/L) initial turbidity (NTU)
500 250 125 62.5
600 moringa tamarind corn green beans
300 green beans moringa tamarind corn
150 corn green beans moringa tamarind
75 tamarind corn green beans moringa

Results and Discussion
1.Experiments to determine the efficiency ofnatural coagulant.

The Latin square technique was used as an experimental plan design.The efficiency ofnatural
coagulant calculated from turbidity reduction and hardness reduction. This calculated from the initial
value and final value.

1.1 Reduction of turbidity
The effective in reducing turbidity were performed. The results are shown in Table 2. The statistical

calculation was used for analyze the variance of reducing turbidity as are shown in Table 3, 4.

Table 2 Reduction of turbidity (%)

The initial The initial turbidity (NTU)
hardness (mg/L) 500 250 125 62.5
600 85.76 94.25 65.37 36.82
300 85.34 61.33 88.49 44.35
150 89.07 78.90 43.80 83.63
75 93.61 80.49 55.74 -171.24
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Table 3 Column and row totals in each of the reducing turbidity.

(Row i) (Columnj) Row Total
The initial hardness The initial turbidity (NTU)
(ma/L) 500 250 125 62.5
600 85.76 94.25 65.37 36.82 282.20
300 85.34 61.33 88.49 44.35 279.51
150 89.07 78.90 43.80 83.63 295.40
75 93.61 80.49 55.74 -171.24 58.60
X Column
353.78 314.97 253.40 -6.44 915.71
Total
Table 4 The analysis of variance efficient reduction of turbidity.
Sort of variance Degree of Sum of Mean F Fo
(SOV) freedom square square
(df) (SS) (MS)
Row 3 9,706.65 3,235.55 1.25 3.29
Column 3 19,747.05 6,582.35 2.54 3.29
The kind of seeds 3 16,071.02 5,357.00 2.07 3.29
Error 6 15,518.60 2,5686.43
Total 15 61,043.32

In Table 4, to compare between F and Fmof row, column and the kind of seeds. All of F were less
than F,,. The statistical analysis results showed that the initial hardness, initial turbidity and kind of seeds
were not significantly influenced on the amount of reducing turbidity. Moringa, tamarind, corn and green

beans were the good coagulanted for reducing turbidity.

1.2 Reduction of hardness
The effective in reducing hardness were performed. The results are shown in Table 5. The

statistical calculation was used for analyze the variance of reducing hardness as are shown in Table 6, 7.

Table 5 Reduction of hardness (%)

Theinitial Theinitial turbidity (NTU)
hardness (mg/L) 500 250 125 62.5
600 27.60 57.32 10.91 23.43
300 29.09 68.15 60.51 27.00
150 22.96 49.33 28.78 68.88
75 77.82 46.00 56.92 61.11

56



Proceedings of The 5" Rajamangala University of Technology International Conference

Engineering and Research Industry

Table 6 Column and Row totals in each of the reducing hardness

(Row i) (Columnj) Row Total
The initial initial turbidity (NTU)
hardness (mg/L) 500 250 125 62.5
600 27.60 57.32 10.91 23.43 119.26
300 29.09 68.15 60.51 27.00 184.75
150 22.96 49.33 28.78 68.88 169.95
75 77.82 46.00 56.92 61.11 241.85
X Column
157.47 220.80 157.12 180.42 715.81
Total
Table 7 The analysis of variance efficient reduction of hardness.
Sort of variance Degree of Sum of square | Mean square F Fos
(SOV) freedom (df) (SS) (MS)
Row 3 1,908.48 636.16 8.92* 3.29
Column 3 672.88 224.29 3.15 3.29
The kind of seeds 3 3,242.86 1,080.95 15.16* 3.29
Error 6 427.84 71.31
Total 15 6,252.07

In Table 7, to compare between F and F of row, column and the kind of seeds. F of row (the initial
hardness) andthe kind of seeds were higher than F, ,.The statistical analysis results showed that the initial
hardness and kind of seeds were significantly influenced on the amount of reducing hardness, but the
initial turbidity was not significantly influenced on the amount of reducing hardness.By comparison
Orthogonal comparison showed that tamarind vs. green bean and corn vs. green bean were the
significantly influenced for the reducing hardness.Tamarind was the good coagulanted for reducing

hardness.

Conclusion
Reduction of turbidity: Moringa, tamarind, corn and green beans were the good coagulanted for
initial turbidity 62.5 — 500 NTU and initial hardness 75 — 600 mg/L raw water.
Reduction of hardness: tamarind was the good coagulanted for initial turbidity 62.5 — 500 NTU and

initial hardness 75 — 600 mg/L raw water.
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Solving the Relativity and Performance of Transmission Line Model with

Computer Program

Wanchai Khamsen'

Abstract

This paper presents a method to solve the relativity and performance of transmission line model with computer
program. The transmission line parameters are an important of the power system used for calculating the voltage, current,
power and others, which is the efficiency of the power transmission system. The relativity and performance of transmission
line model program is programmed with Delphi in graphical user interface. This program can calculated the voltage,
current, voltage regulation, power factor and efficiency of the short, medium and long transmission line. To verify the
performance of the proposed program, the results are compared with the manual method. The results show that the
program method is able to obtained 100 percent accuracy.

Keywords : Transmission Line, Computer Program

Introduction

Nowadays, the power system has been developed increasingly. Security and stability of the power
systems are necessary for planning and generating the power system. The electricity demand is likely to
increase. Form this case, the daily electrical energy used has changed over time. Therefore, the power
systems require planning, analysis, protection economic dispatch and stability. Conductors are the main
components in the power systems for transmitting the power to the load.

Transmission and distribution capability of the electric power transmission line depend on the
parameters such as resistance, inductance, capacitance, and conductance. These parameters are an
important factor used for calculating voltage, current, power factor and voltage regulation in the
transmission line model. There are two methods to calculate the line model. The first one is to solve by
hand. However, it may be difficult and cause error. The second method is to use the computer program.

Users put the parameter data into the program and then they are automatic calculated. This
method has some advantages such as simplicity, fast, accurate and takes less time. Matlab program is
used by Hadi Saadat [1]. Matlab functions are developed for calculating the line parameters and
performance. However, users must have knowledge on the Matlab program. The Delphi program is
developed for calculating the parameters of transmission line [2], electrical circuit design for electrical
welder [3], condominium [4], motor [5], and voltage drop [6]. Because this program is written in a

graphical format which is easy to use. Therefore, this paper develops it to solve the relativity and

! Department of Electrical Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna, Lampang, Thailand.

* Corresponding author. E-mail: wanchai_kh@rmutl.ac.th

59



Proceedings of The 5" Rajamangala University of Technology International Conference

Engineering and Research Industry

performance of the transmission line model where the short, medium and long transmission line are
considered.

This paper is organized as follows. First section describes background of the line model and
methodology of the proposed program. The second shows the results and discussions. And the last

section concludes the paper.

Background

All transmission lines in power system show the electrical properties of resistance, inductance,
capacitance and conductance. The conductance and capacitance are due to the effect of magnetic and
electric fields around the conductor. These parameters are important for the development of the
transmission line model used in power system analysis [1], [7]. The equivalent circuit of line model is

shown in Figure 1.

R L L R L

Lo NN W ’\/s/\, W AYAVAY, W o

G C— G C—

N © o

Figure 1 The equivalent circuit of line model.

The equivalent circuit of line model used to calculate voltage, current, power factor, voltage
regulation and power flows depends on the length of the line. The lengths of the transmission line are

divided three models: short, medium and long transmission line model.

1. Short transmission line model
The length of short transmission line is less than about 80 km. The capacitance may often be
ignored without much error [1], [7]. Therefore, the short line model is obtained by multiplying the series

impedance as shown in Figure 2.

g

L
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o+— < —»O

Figure 2 The equivalent circuit of short line model.
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Where Vs and | s are the phase voltage and current at the sending end of the line, VR and | r are the
phase voltage and current at the receiving end of the line. Figure 2 is series circuit, the phase voltage

and current at the sending end are

=1 (1)

Vo=V +1Z (2)

Voltage regulation of the line may be defined as the percentage change in voltage at the receiving end of

the line in going form no-load to full-load is expressed as

\Y/ -V,
% voltage regulation = W x100 (3)
R,FL
or
% voltage regulation = %xma (4)
R

Where VR’NL and VR’FL are the no-load and full-load phase voltage at the receiving end of the line.

The efficiency of the transmission line is expressed as

p — P 00- —_Velncost; <100 ©
P, V3V, I, cosd, +3I 2R

2. Medium transmission line model

The medium length lines are above 80 km and below 250 km [1], [7]. The transmission line may be

represented by a nominal 7T and T models as shown in Figure 3-4.

>N | N
>N | N

-

N\ 14 N\
Lfl_. AV W ”UOO‘I_.
Vs TY

Figure 3 Nominal TT model for medium length line.
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From (Figure 3), the sending end voltage and current are express

2
Vs=(1+E)VR+(Z+Z Y)IR (6)

2 4
IS:YVR+(1+%)IR ()

Comparing (6) and (7), the ABCD constant for the nominal 7T model are express as

2
A:1+£; B:Z+ZY; c=Y; D:1+E (8)
2 4 2
z

WA—

T — — >
Y Y
| T E T E |
N£ £
Figure 4 Nominal T model for medium length line.
From (Figure 4), the sending end voltage and current are express
YZ
Vg =1+ 7)vR +2Zl, 9
ZY? YZ
ls=( +Y)VR+(1+7)IR (10)

Comparing (9) and (10), the ABCD constant for the nominal 7T model are express as

2
A=1+%; B=2; C=YZ+Y; D=1+% (11)
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Parameters
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C v,

Figure 5 Two port network of transmission line.

The transmission line may be represented by a two port network as shown in Figure 5. The

sending end equations can be written in term of generalized circuit as the ABCD constants
V.| [A Bl "
= 12
Is| |C D] lg

Line above 250 km and longer in length are termed as long lines. For a more accurate solution the

3. Long transmission line model

exact effect of the distributed parameters must be considered [1], [7]. The voltage and current at any

point on the line are derived. The one phase of a distributed line of length | km is shown in (Figure 6).

B dv, _
[, +dl,
Ig — I
LQ VYW W * i
T zdx di,
Vs V, +dV, s e Ve
§ v .

A
\

Figure 6 Long line with distributed parameters.

The sending end voltage and current are express

V, = (cosh 71V, + (Z. sinh /1)1 (13)

I = (Y. sinhpl)Vg + (coshol) (14)
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Represented as the ABCD constants are express

V, A BV
S |_ R (15)
Is| |C D] I
The ABCD constant for the long line are express as

A=coshyl; B=Z.sinhyl; C=Y.sinhyl; D =coshyl 16)

4. The relativity and performance of transmission line model with computer program

To solve the relativity and performance of transmission line model, the development of the Delphi
program is proposed. It consists of various tools that allow for easier programming. This program is visual
programming and rapid application development [8]. The proposed program used to calculate voltage,

current, power factor, voltage regulation and efficiency which the short, medium and long transmission line.
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Figure 7 Window for calculating the short length line.
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Figure 8 Window for calculate of medium length line.

(Figure 7-9) show window for calculating the short, medium and long length lines. The data of
output and transmission line are entered into the proposed program. This proposed program used to

calculate voltage, current, power factor, voltage regulation and efficiency as shown in the window.
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Figure 9 Window for calculate of long length line.

Results and Discussions
Performance of the proposed program is here investigated with different calculation techniques. Both
sending and receiving end of the line model such as voltage, current, power factor, voltage regulation and

efficiency are shown. The system parameters for test are three cases; short, medium and long length line.
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R =0.15 C/km, L = 1.3263 mH/km and S, =381 MVA at 0.8 power factor lagging. In the case of medium
length line, the parameters are 325 kV three phase, distance = 130 km, f= 60 Hz, R = 0.036 Q/km, L=
0.8 mH/km, C = 0.0112 UF/km and S, = 270 MVA at 0.8 power factor lagging. And the last case, long
length line, the parameters are 500 kV three phase, distance = 250 km, f= 60 Hz, R = 0.045 Q/km, L=

0.4 mH/km, Y = 4 WLS/km and P, = 800 MW at 0.8 power factor lagging. Test results from the proposed
program, manual and method in [1] are compared shown in Table 1-3. The results indicate that the solutions
of the proposed program are the same as the other methods. However, the computed time of the proposed

program is lower than that of the other method.

Table 1 Performance of the proposed program, manual and Ref [1] method in case of the short length line.

Methods
Parameters
Manual Ref [1] Proposed program

v, (kV) 250.018 250 250.017
v, (kV) 220 220 220
1. (A) 999.866 1000 999.89
1, (A) 999.866 1000 999.89

of, 0.7455 0.7455 0.7456
n (%) 94.425 94.4 94.43
o VR 13.645 13.6 13.64

Table 2 Performance of the proposed program, manual and Ref [1] method in case of the medium length line.

Methods
Parameters
Manual Ref [1] Proposed program

v, (kV) 344.862 345.002 344.734
V. (KV) 325 325 325
I, (A 420.9517 421.132 420.95
1, (A) 479.6448 479.64 479.64

of, 0.8704 0.8697 0.8703
n (%) 98.5266 98.52 98.53
% VR 7.2658 7.309 7.248
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Table 3 Performance of the proposed program, manual and Ref [1] method in case of the long length line.

Methods
Parameters
Manual Ref [1] Proposed program

v, (kV) 568.686 568.223 568.726
V. (kV) 500 500 500
1. (A) 1405.261 1409.249 1405.009
1, (A) 1154.7 1154.7 1154.7

o, 0.8237 0.826 0.8239
n (%) 94.674 94.674 94.674

9% VR 13.087 13.647 13.09

Conclusion

This paper proposes the method to solve the relativity and performance of transmission line model
by the computer program. Delphi program is developed for calculating the line relativity and
performance. The model is used to calculate voltage, current, power factor, voltage regulation and
efficiency of the sending and receiving end which the short, medium and long transmission line. From the
test results, proposed program can provide the solutions as same as the other methods in parameters.
However, the period time of computation proposed program is lower than the results from the other
method. And the proposed approach could be applied to solve the relativity and performance of

transmission line model.
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The Analyze Designs and Development application Oscilloscope

Program interface via Android Operating System.

Pichate Sujintawong,v Wacheerapn Kaewprapan1 and Surachai Suksakulchai'

Abstract

The purposes of this research were 1.) To analyze design and Development application Oscilloscope Program
interface via Android. 2.) To evaluate efficiency of application Oscilloscope Program interface the quality assessment form
of laboratory set based on learning problem for students who want to learn the operation of The Analyze Designs and
Development application Oscilloscope Program interface via Android Operating System to the study content on the
population was 30 students who are studying in the second year of diploma in electronics program from Chaibadan
Industrial and Community Education College, and 25 of them were simple random sampling to be the sampled group.
these groups were tested by pre-test and post-test of the laboratory set with laboratory sheets, comparison of achievement
of learning with t-tested, and analysis of data for finding the efficiency of laboratory set with E1/E2. Laboratory set was at
82.62/80.12 the students who studied with the proposed laboratory set can understand by having learning achievement
significant than learning without the proposed laboratory set at level of 0.01 3.) To evaluate users' satisfaction with the
application Oscilloscope Program interface. This research studied the patterns of application Oscilloscope Program
interface. The population of this study consisted of 30 residents from the Department electrical. Fifty percent of the
populations, comprising 25 residents, were randomly selected as subjects of the evaluation efficiency of application
Oscilloscope Program interface. And user satisfaction using a specially designed questionnaire. The results of the
efficiency evaluation were as follows the level of satisfaction of application Oscilloscope Program interface. Users was at a
high level (X = 4.43)

Keywords : Designs and Development, application Oscilloscope Program, interface via Android Operating System.

Introduction

The current education Thai system, the National Education A.D. 1999 promulgated since August
20, 1999, resulting in the Education Reform Act such systems involves significant. Thus, taught the
process must study the doctrine that all learners have the knowledge. The ability to learn and develop
themselves. And assume that the learner is of utmost importance. Need to develop a curriculum that
emphasizes learner-centered. Focused on the cognitive skills to handle situations. And the application of
knowledge to prevent and solve problems. In the event that the students have learned from experience to
practice as a solution to a love of reading and the inquiry continued. Teaching by incorporating How to
practice critical thinking skills and process layouts is to conduct experiments. | currently have a limit on
the budget deficit in the supply of trial and testing. And a shortage of learning materials, the learning

outcomes of students remained relatively low, indicating that the students lack an understanding of the
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lesson. Can build relationships and linking knowledge. Between theory and practice them. Is causing
significant problems in the quality of the learner. The lack of teaching materials is a problem for the
instructor. Making the students have been learning that cannot be learned fully. Education that develops
the ability of students to instructor are not enough. Especially in teaching practice must be organized
teaching. To develop the competencies of the learner by technology applications in teaching.

Condition of such problems has been thought and designed The Analyze Designs and
Development application Oscilloscope Program interface via Android Operating System. To save the
expense of buying equipment and effective teaching and helping the students understand the lesson
better, hoping that the achievement of learners will be higher. The objectives lay of courses diploma in
electronics program from Chaibadan Industrial and Community Education College

The create and study the performance of The Analyze Designs and Development application
Oscilloscope Program interface via Android Operating System Generated can be used in teaching the
practical performance by the 80/80. The compare the learning achievement of the experimental group.
Working on a job together with a series created to the control group with the experimental studies,
students who experiments with normal the control group generated a higher achievement than students

taught with the job. Usual experimental

Materials and Methods

1. Theory and related works

What is The Analyze Designs and Development application Oscilloscope Program interface via
Android Operating System? Is developing applications on the mobile using systems analysis and design
principles in the creation and development of information systems. Because analysts. Systems need to
communicate with multiple people. Learn the management and operation of the organization to be
knowledgeable about computer systems. Who can analyze the system should have experience in
programming. Knowledge of networking and databases. Which was used in the design of knowledge
systems are different to the conditions, so the role of the analyst is to study the system. And make
recommendations for improvement and development are complete. Which all work must be sequenced
and studied how to analyze and design systems to understand each step during system analysis to
design a new system. You can decide whether a new system should be designed Input / Output.
Electronic instrumentation used to measure and display the waveform as the image appears on the
screen, such as measuring electrical current. Or voltage is AC or DC power measurements to measure
the frequency of the phase of the signal. Including measurement and pulse readings amplitude of the
signal at the peak - to - peak or the peak signal can display single or multiple signals on the same screen.
A detail of the above is that of application development oscillator scope on the Android operating system.
To the device. Using equipment and application scope oscillator on the Android operating system in the

training of the teaching process, learning through practice or action which Knowledge is the Knowledge
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gained from experience. Learning process leading to the development of various fields such as the
physical, emotional, social and intellectual , and the oscillator device price compared with the market
scope and

Application scope oscillator operating system. Ann will have Android devices are cheaper. And

can be used to train students were similar.

1.1 The purpose of the research?

The Analyze Designs and Development application Oscilloscope Program interface via Android
Operating System by asking experts and satisfaction of the application scope oscillator on the Android
operating system. A total of 25 people.

Design requirements for The Analyze Designs and Development application Oscilloscope Program
interface via Android Operating System project was developed by following the concepts described by
Shelly, Cash man & Rosenblatt (2003) in System Development Life Cycle: SDCL. The five phases of the
development cycle are shown in Figure 1. They are:

1. System planning to perform a preliminary investigation to identify the nature and scope of the
system or problem. A feasibility study was conducted to review the anticipated costs and benefits and to
recommend a course of action based on operational, technical, economic and time factors.

2. System analysis to build a logical model of the new system. The Analyze Designs and
Development application Oscilloscope Program interface via Android Operating System analysis process
gathered data from various internal sources and a system requirements document was produced,
describing management and user requirements, costs and benefits, and outlining alternative
development strategies.

3. System design to create a blueprint satisfying all documented requirements for the system. The
Analyze Designs and Development application Oscilloscope Program interface via Android Operating
System had a user interface designed for it, and all necessary outputs, inputs, process and infrastructure
to support the system were identified.

4. System implementation to construct The Analyze Designs and Development application
Oscilloscope Program interface via Android Operating System. This included converting data to the new
systems’ files, training users, and performing the actual implementation and transition to the new system.

5. System operation and support to maintain changes, correct errors and adapt to changes in the

environment.
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Figure 1 The Summary of development stages followed in The Analyze Designs and Development

application Oscilloscope Program interface via Android Operating System.

1.2 How the Program work?

The Design Programming App Inventor is a tool used to develop apps on mobile applications At
present, mobile and tablet. Ann organizations operating system Android has many applications and
application developers in order to meet the needs of users. Difficult for application developer’s rookie. |
want to learn about programming App Inventor is a tool used to develop apps on mobile applications.
Which was designed and developed by the team of long latency? And now in the direction of the MIT
(Massachusetts Institute of Technology) for the work through the Internet is the main which use a web
browser to work with Web servers. Applications now being developed will be stored on a computer
server. This time we run it. To visit the website. appinventor.mit.edu / to be used with applications built
EDIT. And develop further. Another approach is to develop applications with new mobile and to be used

as a basis for the development of advanced applications further.

Figure 2 The Programming App Inventor is a tool used to develop apps on mobile applications

Fu-datinan
ATLAN

Controller
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Figure 3 The Connected to the Input and output board connected Android device .
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Figure 4 The Connected to the Input and output Circuit interface board Circuit interface.

Connected to the Input and output Circuit interface board Circuit interface. Microcontroller
Numbers PIC24FJ128DA a module USB OTG inside so it can work as a USB host and load the firmware ,
the 1010 and use it to develop applications with the way the device side only. no need to write the
program into the microcontroller.

* an input port 48 output channels .

* 16-channel analog input modules convert the analog signal to a digital resolution of 10 bits, inside the chip .

* 10-bit resolution PWM output channels 9 .

* A serial port UART 4 series.

» There is a bus system, the second leg of the third set compatible with bus 12C.

* There is a USB A connector to USB cable connection port that came with Android device to
connect instantly. Without any modification .

» The LED display function and LED power indicator .

» Power supply 5 to 12V.

* The power supply on the board with two sets of 3.3V for microcontroller circuit and 5V 1500mA
PIC24FJ128 and a switching device to lead the party to bring Android to share it with.

Sannan
o 1010-Q o
QOO00 Q)

m

Figure 5 The Connected to the Input and output Circuit interface board
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Figure 6 The Circuit interface application Oscilloscope Program interface via Android Operating System.

Testing Program works?
Comparison Oscilloscope and The Development of virtual Oscilloscope interface application on

Android Operating System.
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Figure 7 The Comparison of application Oscilloscope Program interface via Android Operating System.

1.3 The research design and data collection Research and statistics

1.3.1 10C : Index of item objective congruence

0c = 2R
N
(1)
1.3.2 Level of Difficulty and Power of Discrimination
b PutP,
2N 2)
1.3.3 Discrimination
r= P.,-P,
N 3)
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2. Experiments detail

This research is experimental research. Use single group pretest sample should be tested prior to
Pre - test and post - test to find effective after learning of a series of experimental studies of student
achievement. This teaches a series of experiments that are based on diploma electronic courses. For the
Office of Vocational Education Commission with the following steps: determining population and sample
Student of 25 people. Create a tool used in research and the experimental assembly.The research design

and data collection Research and statistics

Results and Discussions
The research in this experimental research. The objective is to create a set of experiments and to
determine the efficiency and foremost learning sample. Used as a medium of instruction and the course
content. The vocational courses in Chaibadan Industrial and Community Education College. This study
was conducted according to the procedures and data collection as designed by assembling equipment

used in the normal course. The experimental set built for performance. Install the power supply and
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connect the signal cable to the unit. And used to measure signals at various points. As defined in the job.
Record of the trial and data collection. The first class will test score. And test scores after each treatment
course of 3 trials and the scores of the test after learning all the experiments. Student sample of

25 people, the detail of which is shown in the table.

Table 1 Experiment setting for Test scores at the end of the experiments and tests, including the study of

a sample of 25 people.

No. The Pretest scores [A] The end of the experiments and tests [B]
20 20 10 50 50
1 12 8 4 18 35
2 10 10 6 28 34
3 9 11 7 22 29
4 11 12 5 20 31
5 13 11 5 26 36
6 15 11 4 22 34
7 11 15 6 29 36
8 10 13 3 18 29
9 11 14 4 20 34
10 10 12 5 18 35
11 13 13 4 28 34
12 12 11 3 22 29
13 11 14 3 20 31
14 11 11 5 26 36
15 10 12 5 22 34
16 12 14 6 29 36
17 10 10 4 18 29
18 14 11 4 20 34
19 10 13 4 18 35
20 11 11 5 28 34
21 10 11 4 22 29
22 13 10 4 20 31
23 10 12 5 26 36
24 11 13 4 22 34
25 12 11 6 29 36
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With a confidence 82.62 /80.12 performance.

Table 2 Experiment setting for Tables Test a sample of 25 people

No. Pre-test Post-test
1 18 35
2 28 34
3 22 29
4 20 31
5 26 36
6 22 34
7 29 36
8 18 29
9 20 34
10 18 35
11 28 34
12 22 29
13 20 31
14 26 36
15 22 34
16 29 36
17 18 29
18 20 34
19 18 35
20 28 34
21 22 29
22 20 31
23 26 36
24 22 34
25 29 36
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Table 3 Experiment setting for Tables T-Test Dependent

n X S.D. T-Test
Pre-test 25 21.95 3.75 11.04**
Post-test 25 32.5 3.03
**P>0.01
Conclusion

In this paper, is intended to create. And a performance diploma classes for students Chaibadan
Industrial and Community Education College with two years on the 80/80 up by achievement test
generated a total of 50 muftiple-choice questions with four options, the difficulty levels between 0.54 to
0.80 power. Classification between 0.20 - 0.68 and 0.87, with a confidence 82.62/80.12 performance.

Users was at a high level (X = 4.43)
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Curve Fitting by Computer Programming for Interpreting Soil Mechanics

Testing Results

Chusak Kereratand' and Suthon Rungruang2

Abstract

This paper, based on the numerical methods, proposes the computer programming to interpret the soil mechanics testing
results. The numerical methods which are the cubic spline fiting and the third-order polynomial regression were used as the
process for curve fitting and interpreting the soil mechanics properties. The vertex of the curve is determined to interpret the results
of testing. The results show that the third-order polynomials regression method is appropriate for plotting the curve of unconfined
compressive strength because the curve is smooth and the shear strength parameters are similarly which compare to the cubic
spline fitting method. For the compaction curve, both the cubic spline fitting method and the third-order polynomials regression
method are appropriate for plotting the curvebecause the compaction curve is smooth and through the points which
corresponding to the recommendation of ASTM D698 and ASTM D1557.

Keywords : Curve Fitting, Numerical Methods,Computer Programming, Soil Mechanics Testing Results

Introduction

A fundamental problem of interpreting in engineering and science is that of interpolation. Many
properties of materials used in civil engineering are obtained from laboratory testing. Soil mechanics
laboratory is the one of materials testing in civil engineering. It is used to determine the strength of soil
which is an important property for construction materials or foundation work.For construction materials,
compaction test always experiment to determine the optimum moisture content (OMC) and maximum dry
density which can obtained from compaction curve. For foundation work, unconfined compression test is
always experiment to obtain the undrained shear strength from curve fitting.Therefore, experimental data
are used to draw a curve and predict the vertex of curve. Dawidoswski and Koolen [1] suggest that the
determination of the vertex of curve is corresponding to the smallest radius of curvature. Many
researchers [2, 3, 4, 5] classified the method for curve drawing in twogroups: the regression method and
the fitting method. Gregory et al. [3] reported that the polynomial method successfully used for predicting
the vertex of curvature. Zamani [6] used the methods which are based on B-spline and Bézier curves and
computer graphic for fitting the smooth curve. According to ASTM D689 [7] and ASTM D1557 [8], they

recommended the compaction curve should be plotted as a smooth curve through the points. Therefore,
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this curve can be drawn by two processes which are human drawing and numerical method. Curve fitting
by human drawing is not precise because of human error, therefore; numerical method is more suitable.
This purpose is to compare the curve drawing by the cubic spline fitting method (recommended
by ASTM) to the third-order polynomial regression method (recommended by Gregory et al.). The
algorithm and the computer programming which are developed to be an application used to draw the
curve and report the strength properties of soil at the vertex of curve. Section 2, materials and methods
are the theoryand the algorithm to draw the curve and report the strength properties at the vertex.Section
3, is the results and discussion which show the developed program and the comparison of the soil
properties between fitting method and regression method. Finally, in Section 4, the conclusions show the
appropriated method for interpreting the soil mechanics testing and also the efficiency the developed

program.

Materials and Methods

1. Theory and related works
1.1 The Third-Order Polynomials Curve Fitting[9]
The least-squares procedure can be readily extended to fit the data to the third-order polynomial.

This polynomial is described by the following equation for 4 unknowns, a,, a,, a,, a,. The equation is

f(X)=y=a,+ax+ax +ax +e (1)
and the sum of square of the residuals is

n n 2

§ =26 =2 (¥-a-ax-ax-ax) @

To generate the least-square fit, the derivative of Eq. (2) with respect to each of the unknown

coefficients of the polynomial, as in

a%—(W%{ijm@xz]az{iﬁ]%—gyﬁ =0 ]
(B BB B 0|
(BB el Jo{ B -Fon e
SN S
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These equations can be set in form of matrix as follows:
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wheren is the number of pairs of data values in the interval [a, a,,,]. The problem of determining a

i+1
least-squares third-order polynomial is equivalent to solving a system of four simultaneous linear
equations. In addition to standard error, a coefficient of determination can also be computed for

polynomial regression with formula as:

wherer’ is called coefficient of determination and r is the correlation coefficient.For a perfect fit,

r=r=1, signifying that the line explains 100 percent of the variability of the data.

1.2The Cubic Spline Interpolation [9]

The objective in cubic spline is to derive a third-order polynomial for each interval between
knots.Let f(x) = a/.x3+ b,x2 +cx+ das the cubic in the interval x<x<x,,, and let f(x) denote the collectionof
all the cubics for the entire range of x.The second derivatives can be represented by a first-order

Lagrande interpolating polynomial (Cheney and Kincaid, 1985) as follows:

: : X=X e X=X
f(X)="f(x)——+Ff (X)—— (6)
VXX X =%

Wheref/f(x) is the value of the second derivative at any point x within the ith interval of 1, 2, 3, ..., n.
Formula (6) can be integrated twice to yield an expression for f(x). This expression will be contained two
unknown constants of integration which can be evaluated by invoking the function-equality condition as
follows: f(x) must equal f(x, ) at x_,and f(x)must equal f(x) at x. Results from these evaluations, the cubic

equation can be described by
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f(X)=——22 (x — — 207 (X=X,
9 60% =) = 6% %) )
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J{x — X4 6 }()ﬁ g v
FO0)  fOO =% |,
+[>ﬁ—>s_l 6 }(X )

According to Formula (7), it contains only two unknowns which are the second derivatives at the

beginning and the end of the interval namely f”(x,77) and f”(x,), respectively. The second derivatives can

be evaluated by invoking the condition that the first derivatives at the knots must be continuous:

f(x) = fl1(x) (8)

Formula (7) will be taken the first derivatives for both the (i— 1)th and the ith interval and the two

results are set equal according to Formula (8), the following relationship results:

()ﬁ - )ﬁ—l) fi” ()9-1) + 2()§+1 - )g—l) fi” ()ﬂ ) + ()ﬁ+1 - )ﬂ) fi" ()ﬁﬂ)

=8 fx) - f)]e

= — [ f(x )= f(x
(%= %) (x—&,l)[ ()= F03)]

If Formula (9) is written for all the interior knots, n — 1 simultaneous equations result with n — 1

unknowns because the second derivatives at the end knots are zero [f”(xo) = f”(xn) = 0]. In addition,

notice that the system of equations will be tridiagonalsystems as follows:

X fﬂ(xl)
X f”(xg)
X X

f”(XS)

xoxo x| (%)
f”(Xn,l)

1.3 Unconfined compression test [10]
For soils, the undrained shear strength (s) is necessary for thedetermination of the bearing

capacity of foundations, dams, etc. The undrained shear strength of clays is commonly determined from
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an unconfinedcompression test. The undrained shear strength of a cohesive soil is equal toone-half the
unconfined compressive strength (qu) when the soil is under the (I) = Ocondition ((I) = the angle of internal
friction). The most critical condition for the soilusually occurs immediately after construction, which
represents undrainedconditions, when the undrained shear strength is basically equal to the
cohesion(c).In addition, the unconfined compressive strength can be represented by Mohr circle as
shown in Figure 1.For many naturally deposited clay soils, the unconfined compression strength is greatly
reduced when the soils are tested after remolding without any change inthe moisture content, as shown in
Figure 2. This property of clay soils is calledsensitivity. The degree of sensitivity may be defined as the

ratio of the unconfined compression strength in an undisturbed state to that in a remolded state.

Shear stress

a=10

-|

Total stress Mohr's
circle at failure

7]
=

0;=0 01 =4.
Normal stress

Figure 1 Unconfined compressiontest. [9]

F
4+ Remolded

qu

L

Axial strain

Figure 2 Unconfined compression strength for undisturbed and remolded clay. [9]

1.3 Compaction test [10]

Compaction, in general, is the densification of soil by removal of air, which requiresmechanical
energy. The degree of compaction of a soil is measured in terms of its dryunit weight. When water is
added to the soil during compaction, it acts as a softeningagent on the soil particles. The soil particles
slip over each other and move intoa densely packed position. The dry unit weight after compaction first

increases as themoisture content increases (Figure 3).When the moisture content is gradually increased
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and the same compactive effort issued for compaction, the weight of the soil solids in a unit volume
gradually increases.Beyond a certain moisture content w = w2, (Figure 3), any increase in the moisture
content tends to reduce the dry unit weight. This is because the water takes up thespaces that would
have been occupied by the solid particles. The moisture content at which the maximum dry unit weight is
attained is generally referred to as the optimummoisture content (OMC).The laboratory test generally
used to obtain the maximum dry unit weight of compaction and the optimum moisture content is called

the Proctor compaction test (Proctor, 1933).

12
-
= Soil solid
=
=
5
= Water
=
s
Soil solid
=
I
=
I
-

W Wy
Moisture content, w

Figure 3 Principles of compaction.[9]

2. Methodology
2.1 Algorithm of numerical method

According to the theory of the interpolation and soil mechanics laboratory, the vertex of curve
which represents the unconfined compressive strength and optimum moisture content is determined by
using numerical methods.The cubic spline fitting method and the third-order polynomials regression
method are applied todraw the curvefor predicting the unconfined compressive strength and the
compaction parameters. The algorithm of both the cubic spline interpolation and the third-order
polynomials curve fitting including the report ofthe soil properties at the vertex are as follows:
2.1.1 Algorithm of the cubic spline fitting method
This algorithm used to draw the curve through the data points as follows:
READ x,_,., ¥,—, (Data from testing)
Call tridiag_ sys
Call matrix_sol (Solving system of equationsfor determining d2x,)

Call interpol_csl/
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SUBROUTINE tridiag_sys
B1=2%(x,~ x,)
C1=(x,~ x,)
DI=6"[(y,~ Y/, X)) + (Vo Y /X~ )
Fori=2:n-2

A=(x- x.,)

B=2%*(x.,,- x.,)

C=(x.,, x)

D61, y)Xim X) + Vi YIX X))
End
An-1:(Xn-1 - Xn-Z)
B=2%(x~X,,)
D671 = Vo)X= X + Vo= Yo X = X0 2)
END tridiag_sys

SUBROUTINE interpol_csl
Fori=1: n-1
np = abs(x- x,,,)/0.01 ‘np is number of point for interval between xand x,,,
For j=1:np
If j=1 then x =xelse x,=x+0.01
If x >x,, then x =x._,
S,=d2x._/[6™(x- x._)](x- X u)3
S,=d2x/[6*(x- X, )] (X, - X.,)°
S=ly /(x- x, ) - d2x, (X x, )/6]*(x- x)
S,=Iv/(x- x.,) - d2x,*(x- x,)/6]*(x,- X.,)
¥, =S,+S,+S,+s,
j=ij+1
X)=x, Y(i)=y,
End
End
END interpol_csl!

2.1.2 Algorithm of the third-order polynomials regression method

This algorithm used to draw the curve which is not through the points as follows:
READ x,—,, ¥,—, (Data from testing)

Callelem_sys

Call matrix_sol (Solving system for the coefficients’a,, a,, a,, a,)

Call interpol_cpm
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SUBROUTINE elem_sys

Fori=1:n
X=X+ X,
y=y ty,
x2=x2 + x/.2
x3=x3 + xf
x4=x4 + x/.4
x5=x5 + x/.5
x6=x6 + X,6
xXy=xy + x.'y,
x2y=x2y+x,,2y/.
X3y=x3y+x,.3y/.

End

END elem_sys

SUBROUTINE interpol_cpm
np = x/0.01 ‘np is number of point for plotting
For j=1:np
If j=1 then x =xglse x,=x+0.01
yu:ao+a7*xu+a2*xu2+a3*xf
ij=ij+1
X(i)=x,: Y (i)=y,
End
END interpol_cpm

2.1.3 Algorithm of vertex point determination
This algorithm used to predict the soil properties at the vertex of curve as follows:
SUBROUTINE vertex_point
maxY=0
Forij=1:np
If maxY>Yij )then
maxY=maxY
maxX=X{ij)
Else
maxY=Y{ij )
maxX=X{ij)
End If
End
END vertex_point
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2.2Computer programming

The algorithms are used to create the computer program. The developed program used Microsoft
visual basic programming for creating the graphic user interface (GUI) as the event-driving program which can
be shown in Figure 4 for unconfined compression test and Figure 5 for compaction test.This development used
Microsoft Access database to store the input data. Both developed programs are used for interpreting the soil

mechanics testing results and reporting the soil properties by print out paper.

Genersl Data
Puiect Home, | Dote Test [33 pangrows 2557 ] Ssnelaba [ |
Lacation [ 1 Tetedby | | BergMe | |
Sl Sample. [ ] Checked by '—| [iepith [m) :l

. | Remolded Sample | Graph of Unconfined Comgsession Test | Database of Files |
Provirg Ring and Disl Guage Constant

Povho[ | PovCons @ | kD DwlCorm [ | meDiV Raie [ | e

Sample Data

5 emmpdes st s [ [Wimsght of S argle. 6] [ |

Samgie Hrghe, o] I W Corie, (%) I
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Sarnphs W chume, [ 3 Diy U Wesght. [/ 3]
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Figure 4 GUI for Unconfined compression test.
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Figure 5 GUI for Compaction test.

Results and Discussions
The developed program was design to have usability like Microsoft office. The description of this

program can explain as follows:
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1.Unconfined compression test

The program is run with the raw data from laboratory testing. After input data, the calculation
button can perform by clickingat the calculate button and then the program will show the calculated data
as shown in Figure 6. This program provides the input data interface for both undisturbed and remolded
samples. Consequently, the graph can be plotted by clicking at the plot graph button. This program
provides twooptions for curve plotting which are the interpolation and the curve fitting refer to the theory.

The comparison of the interpolation and the curve fitting can be shown the curve as in Figure 7.
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a) Undisturbed sample display

b) Disturbed sample display

Figure 6 Calculation results display for unconfined compression test.
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a) Curve plotting by using cubic spline b) Curve plotting by using the 3" polynomials

Figure 7 The comparison of the plots by using numerical method.

According to Figure 7, the curve plotted by using the third-order polynomials regression
methodshows the curve is smootherthan that by using cubic spline fitting methodbecause of a number of
the data from testing and the small interval of each point. Moreover, the curve would have a sinusoidal or
unsmoothed zigzag form that would not be acceptable and would not be usable for engineering
problems. These reasons corresponding to the mention by Zamani[11]. In addition, the curve plotting by

the third-order polynomials vertex from the developed program is the same as the plot by MS-Excel which
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it confirms the precision of this developed program. However, the MS-Excel cannot determine the vertex
of curve but this developed program can predict the vertex of curve and also report the soil
properties.The comparison of shear strength parameters is shown in Table1. According to Table 1, the
soil properties by using cubic spline fitting method compare to that by using the third-order polynomials
regression method are similarly. Therefore, the third-order polynomials regression method is appropriated

to curve plotting andpredict the unconfined compressive strength.

Table 1 The comparison of shear strength parameters from developed program.

Shear strength parameters Cubic Spline The 3 polynomials

Undisturbed sample

Unconfined compressive strength (ksc) 0.33 0.34
Undrained shear strength (ksc) 0.17 0.17
Strain at failure (%) 2.66 3.15

Remolded sample

Unconfined compressive strength (ksc) 0.13 0.13
Undrained shear strength (ksc) 0.07 0.07
Strain at failure (%) 1.94 1.95
sensitivity 2.43 2.43

2.Compaction test

The raw data from laboratory testing is used as the input data for the developed program. The
calculated data can be displayed by clicking the calculate button as shown in Figure 8. After that, the
compaction curve can be plotted by clicking the plot graph button which provides in both options of the
cubic spline fitting and the third-order polynomials regression as shown in Figure 9.According to Figure 9,
both curve plotting methods show the smooth compaction curve through the points which corresponding
to the recommendation of ASTM D689 and ASTM D1557. Moreover, the curve plotting by using the third-
polynomials from the developed program is the same as the plot by MS-Excel. The developed program
can determine the compaction parameterswhich are at the vertex of curve as shown in Table 2 and also
report by printing. The results reveal that the soil properties by using cubic spline fitting method compare

to that by using the third-order polynomials regression method are similarly.
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Figure 8 Calculation results display for Compaction test.
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a) Curve plotting by using cubic spline

b) Curve plotting by using the 3¢ polynomials

Figure 9 Compaction curve and compaction parameters for compaction test.

Table 2 The comparison of compaction parameters from developed program.

Compaction parameters Cubic Spline The 3" polynomials
Maximum dry density, Yy;.. (g/em’) 2.15 2.15
Optimum moisture content, OMC (%) 7.10 7.06

Conclusion

This paper presents the curve fitting by using the cubic spline fitting and the third-order
polynomials regression for interpreting the soil mechanics properties. The computer program is
developed to plot the curve and determine the vertex of curve which is the properties of soil for the soil
mechanics testing. According to the results, the third-order polynomials regressionmethodis appropriate

for plotting the curve of unconfined compressive strength because the curve is smooth and the shear
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strength parameters are similarly which compare to the cubic spline fitting method.For the compaction
curve, both the cubic spline fitting method and the third-order polynomials regression method are
appropriate for plotting the curve because the compaction curve is smooth and through the points which
corresponding to the recommendation of ASTM D698 and ASTM D1557. Moreover, the developed
programs can use easily for user andit can decrease the human error because the results from this

program are precise for every user.
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Dielectric Barrier Discharge (DBD) Ozone Generator

Using a Single Switch Flyback Inverter

Surachai Jodpimai,v Veeradate Piriyawong2 and Pichet Limsuwan'

Abstract

This paper proposes the design and analysis of an ozone generator using a single switch of a flyback inverter.
Ozone tube was analyzed with parallel combination of resistor and capacitor. High voltage transformer was represented
using ideal transformer with series combination of resistor and inductor in primary and secondary. Dielectric barrier
discharge was carried out to produce the ozone. Ozone was produced from oxygen gas. Effect of switching frequency and
oxygen flow rate on ozone production was investigated. The ozone production was maximized at resonant frequency
depending on equivalent circuit of ozone system such as capacitance of ozone tube, inductance of high voltage
transformer in primary and secondary winding. The ozone concentration was increased by decreasing oxygen flow rate.

Keywords : Ozone generator, dielectric barrier, discharge, ozone power supply, ozonizer

Introduction
Ozone (O,) is unstable oxidizing gas. It is more soluble than oxygen at standard temperature and
pressure (STP) about 13 times [1] and decomposes back to oxygen molecules without chemical residues.
As a result, it is widely used for disinfection, deodorization, color removal, food processing, laundry system,
ground water remediation, bleaching of paper pulps, swimming pool water treatment and advanced
oxidation processes (AOP) [2-5].The ozone production can be described as following equation [6].
=2 20+¢ (1)

e +0,

0+0,+M 903+M (2)
where M is a third body collision partner such as 0", 0,", O, O, etc.

In recent years, the dielectric barrier discharge (DBD) has been the popular method to generate ozone.
Two electrodes separated by dielectric were used in DBD. The major dielectric materials such as borosilicate
glass, ceramics and mica were used to prevent breakdown voltage across the electrode. The AC voltage
source was applied between two electrodes to distribute the electron flow. A high voltage (3,000 — 20,000V)
and high frequency (1-50 kHz) were used to increase ozone production. Dried air or oxygen gas can flow

through a small discharge gap. More than fifty chemical reactions took place in this gap.
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The standard enthalpy of ozone formation is 142.67 kJ mole” or 0.82 kWh/kgQO,. Therefore, the
1,220 gO3/kWh of ozone production is 100% of efficiency [7]. However, the efficiency of commercial
ozone generator is around 4 — 11 %. The efficiency of ozone generator in terms of power consumption

can be described as [8].

Eff = (0.82/Es ) x 100% 3)

where Eff is the power efficiency (%), the minimum power consumption for producing 1kg of ozone is
0.82 kWh, and Es is the specific energy consumption (kWh/kgQ,).

Many techniques have been proposed to supply high voltage to ozone generator, e.g., pulsed
power, rotating spark gap switch, full bridge inverter, and single switch [9-12]. The single switch flyback
inverter was designed for several cases such as portable equipment, battery application, minimize of
power switch, reduced print circuit board, and low cost [13]. However, it was sensitive to variation of
ozone system and high switching loss in switch [14].

In this paper, the ozone generator using dielectric barrier discharge was implemented. The single
switch of flyback inverter was utilized as a power supply of the ozone generator. The effect of switching

frequency and flow rate of the ozone generator were discussed.

Materials and Methods
1. Experimental setup
The configuration of the experimental setup is shown in (Figure 1). An oxygen tank with 95% of
concentration was used as a feed-gas source. The oxygen flow rate was controlled between 1-6 LPM by
the O, flow meter. The concentration of ozone was monitored by a UV-absorption ozone analyzer

(TELEDYNE Instruments, 454M). The ozone capacity was calculated by following equation:
Ozone capacity (gO,/hr) = Ozone concentration (gOs/ms) x Flow rate (ms/hr) (4)
Current of the high voltage transformer was measured by AC/DC current clamp (HANTEK, CC-65).

Digital oscilloscope (RIGOL, DS1052E) was used to measure the electrical waveforms. The high voltage

was measured by  a high voltage differential probe (Pintek, DP-20K).
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Figure 1 the experimental setup of ozone generator.

2. Ozone tube

The structure of ozone tube used in this experiment is shown the (Figure 2). A borosilicate glass
tube with outside diameter (OD) of 10 mm, 1 mm thick and 100 mm length was utilized as a dielectric
material. The aluminum powder was used to fill inside glass tubes as high voltage electrodes. There is
one electrode inside an aluminum enclosure with outer diameter of 15.875 mm which has the effective
corona discharge length 95 mm. The discharge gap is 1.94 mm. The capacitance of ozone tube (Coz)
and the equivalent parallel resistance (Roz) were measured by the LCR meter (HIOKI, IM3533-01). The
Coz and Roz are 54 pF and 9.19 MQ, respectively. However, these values will be changed when the

ozone tube is applied by high voltage but they are suitable to use as an initial design values.

Aluminum powder Air gap 1.94 mm.

, Aluminum tube
Oxygeninlet ' op 15,875 mm.

@ ID 13.875 mm. Viton oring
Silicone
Silicone IMIIMM.;’II///// High voltage
SR RN TR R electrode
Effective discharge length = 95 mm.”

Glass tube 9 9

OD 10 mm. 4

ID 8 mm. Ozone outlet

Figure 2 the structure of ozone tube
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3. Power supply

The electrical diagram in (Figure 3) was used as a power supply of the ozone generator. A single
switch flyback inverter obtained sinusoidal output voltage and current waveform were proposed in this
work. A capacitor (C1) has no significant effect the resonant frequency because it has large value
capacitance. It was used to keep constant dc voltage for the inverter. The IGBT (Fairchild semiconductor,
HGTG40NB0A4) was selected as a switch with RCD snubber (500 €2, 10 nF and MUR1560 G) for
reducing switching voltage. The dc voltage (Vdc) was rectified by the bridge diode (Taiwan
semiconductor, GBPC3508) and was controlled to the fixed value of 100 Vdc by the variac. The winding
turn ratio of the high voltage transformer is 1:46. The EE ferrite core was selected to construct the high

voltage and high frequency transformer.

o——
HV.Transformer Ozone
Ratio 1:46 tube
0-80Vrms 50Hz
gl vDC
1 = c1
820uF
Reb Dsb
AC 220Vrms 400V
e [: 500 MUR1560G
a1 e Iy e 1 1 1. . fTFT"
- Gate drive
”””” Csb
Q 4‘" 10nF
. RCD Snubber
O
Variac Bridge Diode

Figure 3 Schematic of a single switch flyback inverter.

The electrical equivalent circuit of high voltage transformer and ozone tube are shown in (Figure 4.
The linear model of ozone tube is represented by parallel of capacitor (Coz) and resistor (Roz) as shown
in (Figure 4 a) and the parameters of ozone tube refer to primary is shown in (Figure 4 b) . To achieve a
maximum power transfer to the ozone tube, the impedance of source must equals to the load impedance.

The impedances of high voltage transformer refer to the primary side can be calculated as below [15]
SinceZp = a’ Zs then, (5)
Rp-0z = (1/46)° x 9.19 ME2 = 4.34 kQ and

Cp-oz= (46/1)°x54pF = 114.3nF

The resonant frequency (fr) used for initial design is 21.8 kHz.
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Figure 4 Electrical circuits of (a) high voltage transformer and the linear model of ozone tube and (b) high

voltage transformer and ozone tube refer to the primary side of high voltage transformer.

The EE ferrite core with Al = 680 nH/N’ (3 mm. air gap) was utilized for making the transformer.

The primary turns (Np) can be expressed as follows

Np (turns) = \/ Lp (nH) + A/ (nH/N?)

= \/ 466.2 x 10° nH + 680 nH/N?

= 26 turns ©6)

The secondary turns (Ns) = Np /a = 1196 turns.

Discussion
(Figure 5) shows the frequency response and phase of the ozone generator obtained from the
LCR meter. The scanning frequencies ranging from 100 to 30,000 Hz were used to investigate the
resonance frequency of the ozone generator. The resonant frequency of the ozone generator from the
measurement was 21.8 kHz. The practical resonant frequency neared the design frequency because the
capacitance of ozone tube was changed when high voltage is applied to the ozone tube [16]. The

practical switching frequency of the flyback inverter in this work was 20.8 kHz.
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Figure 5 Frequency response and phase of the ozone generator.

Voltage

Figure 6 Voltage and current output waveforms were supplied to ozone tube1500 V/div, 200 mA/div

and 10 Us/div.

The waveforms of secondary side of the high voltage transformer is shown in (Figure 6). It can be seen
that the ozone tube current advances the voltage across the ozone tube that is less than 90°. Therefore, the
behavior of this ozone tube is not a pure capacitance during appliying high voltage to ozone tube. The AC

voltage supplied to the ozone tube was about 4.5 kVpeak and AC current was about 480mA peak.
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Voltage

Currgent

Figure 7 Voltage and current input waveforms were applied to the high voltage transformer 150 V/div,

1A/div and 20Ls/div.

The waveforms of the primary voltage (Vin) and the input current (lin) are shown in (Figure 7). They were
not sinusoidal waveforms. However, the harmonic frequencies of these waveforms were filtered by the
high voltage transforemer, then the secondary side waveforms of the highvoltage transforemer were

sinusoidal waveforms as shown in (Figure 6).

Vc

Figure 8 Collector-emitter voltage (VCE) and gate-emitter voltage (VGE) 150V/div, 10V/div and 20|Ls/div.
(Figure 8) shows the collector - emitter voltage (VCE) of the insulated gate bipolar transistor (IGBT)

or switching voltage and the gate-emitter voltage (VGE) obtained from the gate drive circuit. The VCE was

about 240Vp-p. The frequency of gate drive circuit was 20.8 kHz with 12.5% of duty cycle.
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Figure 9 (a) Ozone capacity and (b) ozone concentration at different oxygen flow rates.

(Figure 9) shows (a) the ozone capacity and (b) the ozone concentration versus different flow rates
of 1, 2, 3, 4, 5 and 6 liter per minute (LPM). The ozone capacity in (Figure 9 a) was calculated from
equation (4). The maximum of ozone capacity was 2.3 g/hr at oxygen flow rate 3 LPM. In (Figure 9 b), the
increasing of oxygen flow rates tends to decrease the ozone concentration because the input oxygen has
shorter time for staying in the ozone tube and for formation of ozone. In this experiment, the maximum
ozone concentration was 28 gOS/m3 at minimum oxygen flow rate 1 liter/min. However, this point is not

the optimum point due to low of ozone capacity.

O3 concentration (gNan)

T T ; T v T T 1
10000 15000 20000 25000 30000
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Figure 10 Ozone concentrations in different switching frequencies (oxygen flow rate 3 LPM).

(Figure 10) shows the ozone concentration was measured as a function of switching frequency.

When the switching frequency was less than the resonant frequency, the ozone concentration was
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increased with increasing of switching frequency but the ozone concentration was decreased above
resonant frequency. However, the sinusoidal damp frequency that near the resonant frequency can be
produced in the practical result at the switching frequency 10,000 Hz. The ozone generator can operate
at this frequency for reducing loss of switch but the ozone concentration is lower than to operate at the

resonant frequency.

Conclusion
The design and analysis of ozone generator using dielectric barrier discharge (DBD) have been
clearly described. The electrical characteristics of the proposed ozone generator were investigated. A
single switch flyback inverter was used as a power supply of the ozone generator. The best condition of
switching frequency in this study was close to resonant frequency obtained from LCR analyzer. The
ozone concentration depended on flow rate and switching frequency. The maximum ozone capacity and

ozone concentration were 2.3 g/hr and 28 g/Nms, respectively.
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Development of Mechanical property by Agricultural Waste, Bagasse Ash,

for Portland blended cement

Piyanut Muangtongv and Duangrudee Chaysuwan2

Abstract

This research has a purpose to study and develop the mechanical property of Portland blended cement by
reducing partial amount of clinker in the production of type | Portland cement. The cement industry has emissions of
greenhouse gases in which resulting in global warming; therefore, Portland cement replaced with agricultural waste,
bagasse ash (BA), as pozzolan material is one of choices to solve the environmental problems caused global warming. BA
of 0, 10 and 30 wt% was mixed with clinker and cured in 3, 7 and 28 days. Then chemical physical and mechanical
properties of samples were analyzed. Chemical composition of BA consisted of high SiO,, the main phase of pozzolanic
reaction to enhance compressive strength of cement. BA had influenced the compressive strength of blended cement
which corresponding with clinker replacement with 30 wt% BA provided maximum compressive strength in laboratory
scale.

Keywords: Bagasse Ash, Agricultural Waste, Portland blended cement, Mechanical Property

Introduction

In present the global warming is extremely important environmental problem. The main cause of
global warming occurs from the CO, emission which is produced by nature and human-made. It is one
kind of greenhouse gases to incur global warming. The fundamental industry such as cement industry is
the largest CO, emitting industry [1] which is reported that one ton of CO, emission are produced from
one ton of cement production [2]. The current situation of cement industry is more growing to obey the
economic growth. The CO, emission is high intensity according to high volumes of cement production
and it is difficult to reduce capacity of cement production for control amount of CO, emission produced
from industry. Robert McCaffrey [3] proposed solution for decreasing of CO, emission by method of
replacing amount of cement with pozzolan materials such as agricultural ash and industrial wastes. It is
one of choices to be interesting and suitable solution for Thailand where there are full of agricultural
wastes. Thailand is an agricultural country. It has a total 238,794 million square meters of agricultural
landuse which by 6.36% of area for sugar cane growing. Here, it was able to produce approximately
97.98 million tons of sugar cane in 2012/2013 [4]. Almost all sugar canes are sent to the sugar factory
and finally products as sugar are produced. Bagasse ash (BA) is a by-product after sugar cane is used

as fuel for boilers to generate steam during production of sugar and it is an agricultural waste to be
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removed from the factory. In general, BA is used for the treatment of acidic soils and disposed of in
landfill that is now becoming an ecowaste to decrease environmental problems. Many inert waste
materials consist of high silica and alumina contents, e.g., fly ash, silica fume and agricultural wastes
such as BA, rice husk ash and oil palm ash. BA is an outstanding waste consisting of very high silica
content approximately 60%. It is claimed as a pozzolanic material reacting with calcium hydroxide (CH),
a by-product of the hydration of cement, to form additional calcium silicate hydrate (C-S-H) as new
products from the pozzolanic reaction. These phases are a supplementary cementing material to support
the higher compressive strength of cement [5]. This research has a purpose to study and develop
the mechanical property of Portland blended cement by the clinker replaced with BA for cement

production in laboratory scale.

Materials and Methods

1. Materials

The fundamental raw materials consisted of clinker, gypsum and sand. For As-received bagasse
ash was an important parameter for amount of clinker replacing by them. They were composition of
Portland blended cement used in this laboratory experiment.
1.1 Fundamental raw materials

Clinker and gypsum were supported by Siam City Cement Public Co., Ltd. They were calcined at
100 °C for 24 hr in the heating oven. They were crushed to fine powder by a forged steel ball mill
machine (artificial machine made of carbon steel) for 30 hr and passed through a mesh size of 1 mm.
which is shown in Figure 1. Table 1, according to ASTM C150 [6], showed chemical composition that was

analyzed by X-ray fluorescence (XRF, Bruker, S8 Tiger, Germany)

Figure 1 Fine powder of clinker after grinding for 30 hr.
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Table 1 Chemical composition of raw materials

Composition Portland cement (wt%) Clinker (wt%) Gypsum (wt%) BA (wt%)
SiO, 17.84 19.09 212 64.11
CaO 66.83 68.14 42.48 5.75
Al,O, 3.88 4.02 0.87 5.26
Fe,O, 3.71 4.22 0.46 2.78
K,O 0.67 0.78 0.02 2.59
Na,O 0.17 0.19 - 0.32
MgO 1.40 1.49 0.13 1.28
TiO, 0.26 0.26 0.06 0.38
P,O, 0.07 0.06 - 1.37
SO, 4.10 1.11 50.28 0.41

Loss on ignition (L.O.I) 0.90 0.48 3.48 15.09

Sand was prepared by drying on the natural air for 3 days and sieve passed through a mesh size

of 850 and not above 600 micron.

1.2 Mineral admixture

As-received bagasse ash was an agricultural waste that was a by-product of the sugar factory
from Kaset Thai Sugar Co., Ltd. During the sugar production, bagasse was burnt to become ash at
approximately 700 °C in boilers. It was prepared to fine bagasse ash that exhibited the pozzolan
property by centrifugal ball mill machine (Retsch, S2, Germany) and sieved through a mesh size of 45
micron [7-8]. The microstructure of BA is shown in Figure 2 which revealed particles of angular and
irregular shape. Surface of particles were rough and plenty of pores. Table 1 and Figure 3 presented the
chemical composition of BA that was carried out by X-ray diffractometer (XRD, Philips, X'pert, The
Netherlands) between 10° - 65° 20, which consists of quartz (SiO,; JCPDS 85-1054), calcite (CaCO;
JCPDS 83-1762), iron oxide (FeO; JCPDS 01-1223) and carbon (C; JCPDS 26-1077), respectively.

Figure 2 SEM images of BA after grinding at a magnification of 200X.
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Figure 3 XRD pattern of BA burnt approximately 700 °C.

2. Methods
2.1 Mixing raw materials

Proportions of Portland blended cement were presented as in Table 2 which varied according to
the clinker replaced with BA as 1) C100BAO (clinker 100: BA 0 wt%), 2) C90BA10 (clinker 90: BA 10 wt%)
and 3) C70BA30 (clinker 70: BA 30 wt%) and all proportions mixed fine gypsum of 3.5 wt%. Ratios for
casted sample consisted of water: Portland blended cement: sand as 0.485: 1: 2.75, according to ASTM

C305 [9].

Table 2 Proportions of Portland blended cement

Samples Clinker (wt%) BA (wt%) Gypsum (wt%)
C100BAO 96.5 - 3.5
C90BA10 86.85 9.65 3.5
C70BA30 67.55 28.95 3.5

2.2 Casting of cement specimens

All proportions of Portland blended cement were casted to mortar and paste samples. Paste
samples were an admixture of Portland blended cement and water. After mixing, they were cast into
square plastic molds for characterizations of chemical composition and microstructure. Mortar samples
were an admixture of sand, Portland blended cement and water. They were cast into cube molds for

compressive strength testing.
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2.3 Characterizations of cement specimens
2.3.1 Compressive strength

The cement mortars had proportion according to Table 2. Samples were mixed in a mechanical
mixer. They cast and compacted by tamping for two layers in cube molds. Mortar cubes were demolded
after casting at room temperature for 24 hr. Consequently, each ratio had 4 cubes of mortar samples for
testing and were cured mortar samples in the moist zip plastic bags until curing ages of 3, 7 and 28 days
according to ASTM C 109 [10] by a universal testing machine (UTM, CT-746, Versa-Tester (Evanston),

U.S.A.). The compressive strength was calculated using Eq. 1.

P
fin = L
A (1)
Where f is compressive strength in psi or MPa,
P is total maximum load in Ibf or N and
A is area of loaded surface in in° or mm’

2.3.2 Chemical composition
Cement pastes were cast into square plastic molds. Paste samples were demolded after 24 hr
curing and period of curing process as same as mortars. They were prepared as powder by grinding and

investigated at curing ages of 3, 7 and 28 days for chemical composition by XRD from 10° - 65° 20.

2.3.3 Microstructure

Paste samples for microstructure analysis by SEM were prepared as same as samples analyzed
by XRD technique. Fracture surface of samples was prepared and other sides of cement pastes were
ground flat to shape them nearly small cubes. Samples were dried and removed water from samples
immediately to stop any further reactions with a desiccator. Samples were gold sputtered before analysis

by SEM technique. Their microstructures were observed at curing ages of 3 and 28 days by SEM.

Results and Discussions
1. Compressive strength
In Figure 4, the compressive strength is the one of important mechanical property to estimate the
possibility of the experimental ratio of Portland blended cement by clinker replacing with BA. It was
indicated that the most effective ratio to the compressive strength was C70BA30 which was the clinker
replaced with 30% BA cement and it showed the effect of amount of BA on the compressive strength of
cement mortars. Because the best compressive strength (33.20 MPa) is clinker replacing with 30% BA

(C70BA30) comparing other ratios, 0 10 and 30% BA, at curing age of 28 days.
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Figure 4 Compressive strength of cement mortars.

The compressive strength of Portland blended cements developed with the curing time elucidated
by the value of compressive strength of graph. It was found that the most value of compressive strength
of last age (28 days) was C70B30. It was shown that C70B30 has a tendency to increase compressive
strength than other ratios in longer time. The pozzolanic reaction is the reason of increasing compressive
strength when Ca(OH), ,by-product of hydration reaction, reacts with SiO, (from BA) to become C-S-H

from the pozzolanic reaction and to cause the increasing of compressive strength in cement mortars [11].

2. Chemical composition

The C-S-H phase is a supplementary cementing phase which effects on increasing of
compressive strength to confirm the occurred pozzolanic reaction of Portland blended cement in this
experimental [12]. The chemical composition of Portland blended cement are analyzed by XRD and
detected as calcium hydroxide (Ca(OH),, CH; JCPDS 44-1481), calcium silicate hydrate
(Ca, (SiO, ,.xH,0, C-S-H; JCPDS 33-0306), tricalcium silicate (Ca,SiO,, C,S; JCPDS 49-0442), dicalcium
silicate  (Ca,SiO,, C,S; JCPDS 29-0369), quartz (SiO,; JCPDS 85-1054), and ettringite
(Ca Al(SO,),(OH),,.26H,0; JCPDS 41-1451), respectively. In the first period of curing age at 3 and 7
days, the transition of intensity of CH phase of all ratios is increasing; due to cement and water react the
hydration reaction to become the CH and other phases. The last curing age of 28 days, the intensity of
CH phase that especial ratios of cement replaced with BA (C90BA10 and C70BA30) are decreasing. It
points to initiation of the second reaction, the pozzolanic reaction, inside Portland blended cement. The
CH phase reacts together with SiO, phase to be new phase as C-S-H phase which support the

compressive strength of Portland blended cement according to Figure 5-7.
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3. Microstructure

The SEM micrograph of Portland blended cement replaced with 30% BA (C70BA30) indicated that
the microstructure of blended cement is higher density surface according to the curing time and support
the reason of compressive strength increasing of blended cement. In Figure 8a, blended cement
structure shows rich pores and needle-like ettringite structures at curing age of 3 days. After that the last
curing age at 28 days presents development of blended cement structure to more dense structure than
old curing age as shown in Figure 8b; due to the supplementary phase of C-S-H gel from the pozzolanic
reaction infiltrates within pore structure and adheres lateral phases to develop compressive strength of

blended cement [13].

1@pm WD 14mm TISTR SEI 5.08kY x2, 009 18pm WD14mm

Figure 8 SEM micrograph of C70BA30 at curing ages of (a) 3 days and (b) 28 days at a magnification
of 2000X.

Conclusion
Based on the experimental results of this research, the following conclusions can be drawn:
Bagasse ash is the agricultural pozzolan material which influenced on compressive strength of Portland
blended cement. Clinker replacing with 30% BA is the appropriate proportion of Portland blended cement

in this research, and for future trend in industrial scale production.
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Use of Fiber Reinforced Composites in Civil Engineering Applications

Thanongsak Imjaiv

Abstract
Since the introduction of Fiber Reinforced Polymer (FRP) reinforcements into the construction industry, the use of
these materials has been growing exponentially. Owing to their distinctive material properties, FRPs can offer an ideal
solution for specialist applications where the use of steel reinforcement might be undesirable. On-going research around
the world has addressed, and continues to address, these various areas of concern. This paper highlights advantages and
disadvantages of composite materials and discusses their potential applications in the civil construction industry. On-going
research work at Rajamangala University of Technology Tawan-OK is presented and commented upon.

Keywords : Fiber Reinforced Polymer, FRP, Reinforced Concrete, Prestressed Concrete.

Introduction

Non-Ferrous reinforcement (NFR), in the form of Fiber Reinforced Polymer (FRP) rebars has been
widely used worldwide as a valid alternative to conventional steel reinforcement to overcome the problem
of corrosion[1]. Owing to its superior durability characteristics, the use of FRP reinforcement can extend
the lifespan of concrete structures and reduce the need for maintenance or repair [2,3]. All known in the
construction industry, have proved to possess superior mechanical properties and have been used
extensively in the aerospace, automobile and defence industries for several decades. Civil engineers,
however, have only relatively recently begun to gain confidence and experience in applying this
technology. FRP products made an extraordinary entry into the construction market 20 years ago and
since the first demonstration projects were constructed in the late 80’s and early 90’s [3,4] the interest in
these materials has grown exponentially. The main reasons behind the rapid growth of the use of FRPs in
construction were the light weight of the reinforcing products and their electromagnetic neutrality. The
earliest commercial applications were as non-magnetic or radio-frequency transparent reinforcement for
advanced transport systems, in specialized defence applications and in structures housing magnetic
resonance imaging medical equipment [4]. Nowadays, repair and strengthening of existing structures

with FRP reinforcement is undoubtedly the most attractive application of FRPs.
This paper gives a brief overview of the physical and mechanical properties of FRP products
and discusses areas where the use of advance composites as reinforcing material for concrete structures
can benefit the construction industry.Finally on-going research work at Rajamangala University of

Technology Tawan-Ok, Uthenthawai Campus is presented and commented upon.
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What are FRPs?

FRP reinforcement is a composite of continuous fibers in a resin matrix. The commonly used fibers
are glass, aramid or carbon [5,6,7], while the resins are usually thermosetting resins, such as polyester,
vinyl ester or epoxy. Fibers are the main load carrying constituent, while the matrix transfers stresses
between the fibers, protects the fibers from environmental or mechanical damage, provides lateral
support against fiber buckling under compression, and ensures interaction with the surrounding
concrete. Fillers may be added to the matrix to impart desirable properties such as improvement of load
transfer [4]. For structural purposes, the matrix content typically ranges from 0.25 to 0.5 by weight, or
equivalently, the fiber volume fraction ranges from 0.5 to 0.7 [4]. The surface preparation of the FRP
rebar has a direct impact on bond. Various surface conditions are commercially available, such as sand
coated, ribbed, indented and braided (Figure 1). A combination of surface treatments is also used.
However, there is no standardized classification of surface conditions [4,5]. Manufactured from a
combination of natural or synthetic fibers within a polymeric matrix, FRPs display excellent resistance to
environmental factors such as freeze-thaw cycles, chemical attack and temperature variations. Carbon,
glass and aramid fibers, immersed in a thermosetting resin, are the constituents most widely used in the
manufacture of the various types of reinforcement for concrete structures. New types of fibers and resins,
however, are being developed continuously and new products comprising basalt fibers have recently
been made commercially available.

FRP materials are manufactured using different techniques such as pultrusion, filament winding,
moulding, braiding and manual lay-up. They also can be produced in various shapes. Reinforcing
products for concrete, however, are usually manufactured in the form of rebars, sheets, grids and links to

resemble the more familiar shapes already available for steel reinforcement (Figure 1).

Figure 1 Various available commercial FRP products [1]
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FRP composites show linear stress-strain behaviour under tension up to failure. Compared to the
ductile steel, FRP generally have brittle behaviour, with higher tensile capacity, limited strain range and
lower modulus of elasticity. Table 1 and (Figure 2) show typical tensile characteristics of glass, carbon
and aramid FRP (GFRP, CFRP and AFRP) rebars compared to steel. The mechanical characteristics of
FRPs differ in many respects from that of conventional steel reinforcement and depend on the type of
fibers and resins used as well as the selected manufacturing process. FRP products are characterized by
perfectly elastic behavior up to failure and can develop higher tensile strength than conventional steel in
the direction of the fibers. The elastic modulus of FRP materials used in construction generally varies
between 20% of that of steel for glass fibers and 75% of that of steel for carbon fibers (Figure 2). High
strength, lightweight and a low modulus of elasticity, together with the fact that FRPs, unlike steel, do not

display plasticity, are the key properties that differentiate the performance of these materials.
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Figure 2 Stress-strain characteristics for concrete and reinforcing materials [1]

The main advantages and disadvantages of these advanced composite materials compared to

steel are listed in Table 1.

Table 1 Advantages and disadvantages of FRP reinforcement.

Advantages Disadvantages
Higher strength to self-weight ratio  (10-15 Higher raw material cost and relatively
times greater than steel ) poor availability
Excellent fatigue characteristics (carbon and Lower elastic modulus
aramid FRPs only) (except some Carbon FRPs)
Excellent corrosion resistance and Glass FRP reinforcement suffers from
electromagnetic neutrality stress corrosion

Lack of ductility; durability issues in
Low axial coefficient of thermal expansion
alkaline environments
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Due to the distinctive mechanical properties of the reinforcement, the behavior of concrete
structures reinforced with FRPs is normally governed by large deformations and brittle modes of failure
[1], which are generally considered to be undesirable. As a result, engineers rarely choose to use FRP
reinforcement unless substantiated by comparable successful applications. FRPs are often mistakenly
perceived by the engineer as a direct replacement for steel reinforcement and the same design
philosophy is applied without due consideration of the advantages that these materials can offer in
particular applications and environmental contexts. The lack of confidence, knowledge and experience in
the use of FRPs is one of the most difficult obstacles to overcome in order to expand the use of this
relatively new technology. An additional major barrier to the use of FRPs in construction is the lack of
design codes. Although national design tools for concrete structures, reinforced or strengthened with
advanced composites are already available to the public (e.g. [6,8,9]), these are still ‘guidelines’ and
have not yet achieved formal standard status. Nonetheless, the interest in FPRs is still high and their use

in specialist applications could greatly benefit the construction industry.

Composites in reinforced concrete construction

The crucial need to find durable and cost effective solutions to the problem of corrosion in RC
structures is one of the main driving forces behind the use of advanced composites in newly built
structures. FRP reinforcement represents a valid and competitive alternative to epoxy-coated and
stainless steel reinforcement for anti-corrosive purposes and it has many possible applications in
structures in or near marine environments, in or near the ground, in chemical and other industrial plants
and in places where good quality concrete can not be achieved [1].The exceptional durability of FRPs
gives the possibility of reducing the concrete cover needed to protect the reinforcement. This could
promote the development of novel designs and the optimization of pre-cast elements. Owing to their
inherent physical properties, FRP reinforcement can also be used successfully in applications where
electromagnetic neutrality is required, as in structures situated in the vicinity of transmitting stations or

receiving devices (Figure 3).
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Figure 3 Various application of FRP products in reinforced concrete constructions [1]

Composites in Prestressed Concrete construction

One of the most important properties of FRPs is the very high strength that they can develop,
allowing a reduction in the amount of reinforcement needed in certain applications. High strength can
only be achieved, however, when high strains are developed in the reinforcement, making FRPs the ideal
reinforcing material [10]. Because of the stress corrosion that affects FRP materials, particularly glass
fiber based products, however, only carbon and aramid FRPs are likely to dominate the applications in
this field. FRP prestressing tendons and cables have been used successfully in cable stay bridges and in

other anchoring applications such as ground anchors or rock bolts (Figure 4).
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Figure 4 Various composites in prestressed concrete bridge construction [1]

Externally Bonded Reinforcement

The light weight of FRP reinforcement has important practical advantages in construction,
especially in specific applications in which work must be carried out in confined spaces and lightweight
reinforcement can speed up construction. The light weight of FRPs becomes particularly relevant when
dealing with externally bonded reinforcement for repair purposes. Given the ease-of-application, the
commercial interest in FRP reinforcement for externally bonded applications is considerable and the use
of FRP fabrics and plates is rapidly replacing both conventional plate bonding and jacketing techniques

(Figure 5).
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Figure 5 Use of FRPs as externally bonded reinforcement [1,13]

On-going Researchs atRajamangala University of Technology Tawan-Ok

The unique characteristics of FRPs, such as their low stiffness in comparison to that of
conventional steel reinforcement and their distinct bond properties, generally lead to the development of
wider cracks and can result in the comparatively larger deflections of concrete beams reinforced with
such type of reinforcement. An adequate estimate of maximum deflections at serviceability limit state, as
well as at higher level of loads, is hence necessary to ensure an acceptable level of structural
performance. Although all of the equations included in the current design recommendations to calculate
the deflections of FRP RC members were derived from those originally developed for steel reinforced
concrete elements, which were proven to provide acceptable estimates, researchers in the field have
questioned their performance as these equations have often been shown to underestimate overall
deformations [11].

In the Rajamangala University of Technology Tawan-Ok, extensive work dealing with a series of

experimental results on FRP RC beams [12,13] has provided evidence that the development of diagonal
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cracking due to high shear forces can result into additional deformation components, the magnitude of
which can be significant and should not be neglected (Figure 6). On the basis of such observations, two
analytical models were developed to calculate the additional amount of deformation induced by diagonal
cracking and are presented and discussed in the following. Moreover, experimental program including
shear behavior, pullout and bend strength of FRPs are also under investigation and testing program is

underway to bridge the gap between academic and industry in Thailand (Figures 7-10).

Figure 6 Experimental investigation on flexural capacity of FRP RC beam [11,12]

Figure 7 Experimental investigation on shear behavior of FRP stirrups [11,12]
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Figure 8 Investigation of bending strength of fiber reinforced composite[11,12]
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Figure 10 Laboratory investigation of concrete beams strengthened with FRP composites

Concluding Remarks

The use of FRP reinforcement can offer significant structural and economical advantages and
should not be considered as a mere replacement for steel reinforcement. Use of FRPs benefits primarily
specialist applications where their particular chemical, physical and mechanical properties will lead to
more practical and economic solutions. FRP materials offer an effective solution to the problem of steel
durability in aggressive environments and where the magnetic or electrical properties of steel are
undesirable. They also appear to be highly suited for the manufacture of non-structural precast elements

where the combined weight of the reinforcement and concrete necessary to provide adequate cover is a
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major concern. Prestressing applications can make optimal use of the high stresses and strains that can
be developed in FRP reinforcement. The use of FRP materials for strengthening and rehabilitation of
deficient structural elements is quickly pervading the construction market and the available commercial
systems already have proved an economically competitive alternative to traditional repair solutions.A
concerted effort towards the development of recognized design standards for the use of composites in
construction together with the education and training of professional engineers is paramount to facilitate
the acceptance of this innovative, promising technology. In the Rajamangala University of Technology
Tawan-Ok, extensive experimental program including shear behavior, pullout and bend strength of FRPs
are also under investigation and testing program is underway to bridge the gap between academic and

industry in Thailand.
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Study on the Effect of Ultraviolet Light to Reduce Ozone Concentration

Sutee Leejongpermpoonv

Abstract

This paper presents a study on effect of ultraviolet light to reduce ozone concentration. The experiment has been
finding ultraviolet source installation propose for UV energy we expect together with find the result of relation between UV
energy and variance ozone concentration. Ozone in this experiment is generate by ozone generator with rated voltage is
3.16 kV, 20 kHz and result of variance ozone concentration will be measuring by ozone monitor- MODEL 450M. The results
obtained show that the most effective to reduce the concentration of ozone in this experiment is intensity of ultraviolet light
by 2 mw/cm” at installation source 1.3cm. That can reduced ozone concentration by 20.37% and efficiency to reduced the
amount of ozone will have increased or decreased by 0.93% per intensity of ultraviolet light 0.5 mw/cm®,

Keywords: Ozone, Ultraviolet, Intensity

Introduction

As it is well known, the ozone will be using as inhibitor of viral and bacterial infections with high
efficiency and application of ozone significance, such asThe Mini Ozone System for Misting Fan [1]Ozone
Generator Sizing Analysis for Cooling Tower System [2] Determination of Optimum Rating of an Ozone
Generator for a Room in a Hospital [3]and etc.Therefore, it is high possibility to use ozone for cleaning air,
water, and patient suite in hospitals with hygienic condition. However, due to infection in hospitals is
increasingin each year with prevalence rated of respiratory tract infections in the hospital up to 43.2 percent
[4] .That infection will be spreading widely via air directly and it leads to respiratory tract infections from
Mycobacterium tuberculosis (MTB). The MTB is a major cause of pulmonary tuberculosis with high prevalence
rate of the pathogenesis. It leads the patient infected other severe disease and high medical expenses. World
Health Organization (WHO) has identified that Thailand is one of the top 22 countries with a rate of TB patients
by the highest per capita in the world [5]. From medical research in inhibition of MTB by ozone concentration of
0.03 ppm to 0.05 ppm, it will be inhibiting MTB by 95% [6] and from ozone concentration of 25 ppm, it can be
inhibit MTB by 99% [7] .However, ozoneconcentration emitted into the air must have been the level which is not
harmful to humans according to the WHO standards. It is definedin the 0.1 ppm to 0.12 ppm. [8] or United
State Environmental Protection Agency (EPA) standard [9] [10].

Therefore, an ozone generator with appropriate ozone concentration is one of necessary
instruments to disinfection in hospitals. This paper emphasized on effect of ultraviolet light to reduce
ozone concentrationpropose to used together with an ozone generator for inhibit virus and bacteria in

hospitalprovide effective and more safety.
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Materials and Methods
1. Theory and related works
1.1 Ozone generate[11]
Ozone (O,) is a gas consisting of three oxygen atoms in a combine molecule and it is not stable.

The ozone generated by corona discharge is shown in (1) to (4)

0,+e 0", + 2e (1)
0',+2 =)0 +0+2e (2)
O'+0+2™= O +0+e (3)
20,+20 === 20, )

1.2 Chemical decomposition

Chemical decomposition of ozone into Oxygen.That requires energy of ultraviolet light with 254 nm

as shown in equation 5-6 [12]

0, +hv,,,, ™=$0 +0 (5)

254 nm

0,+ O =70, (6)

Wavelength inversely proportional to energywhen the wavelength is less due to extremely high energy

of UV Therefore. Energy from wavelengths below 254 nm can be decomposition of ozone Bonds.

1.3 Ultraviolet Light

Electromagnetic waves. Caused by periodic oscillations of electrons with in atoms of matter due to
induces the electricfield and magnetic fields, which is a wave radiates in all directions around the origin.It has
been revealed the UVC wavelength 253.7 nm. That can be decompose ozone gas. [13]. and the spectrum of

ultraviolet radiation can be classified according to the standard. ISO-DIS-21348 [14]. Presented in Table 1.

Table 1 spectrum of ultraviolet radiation (ISO-DIS-21348)

Wavelength range Energy per photon
Name Abbreviation
(nm) (eV)

Before UV spectrum Visible light over 400 under 3.10

Ultraviolet A
UVA 400 - 315 3.10-3.94

(long wave)
Near NUV 400 - 300 3.10-4.13

Ultraviolet B
uvB 315 -280 3.94 -4.43

(medium wave)

Middle MUV 300 - 200 413 -6.20

Ultraviolet C
uvC 280 -100 443-124

(short wave)
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2. Experiments detail

In the experimental design,has selected 1) ultraviolet light source rated is 10 watt, diameter of 2
cm, length 36cm,Voltage: 220 volts 50Hzand wavelength 253.7 nm. Because ozone is gas absorption of
light with maximum absorption at a wavelength of 253.7 nm.2) Ozonestorage equipment is acrylic with
thickness 5 mm size 10cm x 15cm x 10cm. Steel frame for adjusting the distance ultraviolet light source
size 40cm x 40cm x 1m and, 3) adjustable base for height level dimensions of 30cm x 30cmfor adjust

small scale 1cm - 5 cm as shown in (Figure 1).

Figure 1 Experimental equipment

220 Vrms (1) @)

50Hz Air
HV
Transformer ‘ Ozone » e » Ozone
3.16 kV Generator Monitor
20kHz

Figure 2 Flow diagramof experiment
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Hz connect to high voltage transformer in the number 2 which converts the voltage to 3.16 kV and
frequency 20 kHz for supplied to the electrode in the ozone generator at number 3. That can generate
electric field stress high enough for decomposition of oxygen in air. At number 4 when the air through an
electric field the ozone gas isoccur. After that ozone gas had been generate is will be send to
experimental equipment forstudy on the effect of ultraviolet light to reduce ozone concentration in number

5. The result can measure by ozone monitor in number 6.

Figure 3 experimental setup

(Figure 3) show that the experimental setupnumber1 is the frame for adjustable high level of ultraviolet
light source in number 2, Number 3 is the ozone generatorand number 4 isozonestorage
equipment.Number 5 is a valve used to adjust the ozoneconcentration. Number 6 is ozone monitor,

number 7 is flow meter and number 8 is UVC meter.

Results and Discussions
An experimental for study on the effect of ultraviolet light to reduce ozone concentration. Ozone
concentration had been measuring by "OZONE MONITOR - MODEL 450M" at temperature condition is

25°C have a result below
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(Figure 4), Show that the vertical axis is the distance from ultraviolet light source. The horizontal
axis is the energy of ultraviolet light.It was found that the ultraviolet light energy decreased by distance

from the source is increased.
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Figure 5 Relationship between the concentration of ozone per period and intensity of ultraviolet light

(Figure 5) Vertical axis is the amount of ozone concentration and horizontal axis represents time
in experiment. Found that the ozone concentrations whichreceived intensity of ultraviolet light will be
reducing and stable in approximate 5 minutes. Result of energy from ultraviolet light is increases due to

reducing the amount of ozone can be increasing.
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Figure 6 The relationship of performance to reduce ozone by intensity of ultraviolet light

(Figure 6) the vertical axis represents the percent reduction of ozone and the horizontal axis
represents anintensity of ultraviolet light.This result found that the effective of reducing of ozone is
increases as energy from ultraviolet light is increases but performance of reducing will be decreasing

0.93% byenergy from ultraviolet lightis decreased by 0.5 mw/cm’.

Table 2 Effectively to reducing of ozone per intensity of ultraviolet lightby contrast ozone 108ppm

concentration ultraviolet light before power constant. 108 ppmat temperature 25°C

Deference of

uv Distance Ozone + UV % Reduce of

ozone
(mw/cmz) (cm) ( ppm ) Ozone by UV

(ppm )

0 6 108 0 0

0.5 2.2 89 -19 -17.59%

1 1.8 88 -20 -18.51%

15 15 87 -21 -19.44%

2 1.3 86 -22 -20.37%

Table 2 shows the result obtained in the experiment includeintensity of ultraviolet light, distance,
amount of ozone concentration after pass ultraviolet light, and presented of reducing ozone by ultraviolet

light.
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Conclusion

Experimental to study on the effect of ultraviolet light to reduce ozone concentration found that the
intensity of ultraviolet lightis directly affects to the efficiency of the reducing of ozone. The result show that
the intensity of ultraviolet light by 2 mw/cm® at distance 1.3cm which is the most energy in this experiment
can reduce ozone by 20.37%. Intensity of ultraviolet lightis decrease due to effective in reducing of ozone
decreased. In this experimenta least of reducing ozone is 17.59% at intensity of ultraviolet lightby 0.5
mw/cm2. Effective for reducing ozone will decrease by approximately 0.93% fromintensity of ultraviolet
lightis decreased by 0.5 mw/cm’. It was concluding that intensity of ultraviolet lightis increase due to
effectof the performance of reducing ozone is increase. The results will be using to design an ozone
controller propose to use together with ozone generator for inhibitvirus and bacteria in hospital with

provide effective and more safety.
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Segregation of Pattavia Pineapple Juiciness by Microwave

Wanchai Khamsen,v Chuthong Summatta,’ Chiraphon Takeang1

and Eakkathas Pruksawan2

Abstract

The purpose of this research was to investigate the segregation of pattavia pineapple into different juicy levels.
Microwave was used to analyze the frequency of fruit for sorting the lushness of pineapple. The horn antenna was
designed the 5.8 GHz in microwave frequency for testing the transmission and reflection of waves in pineapple for
classification into different maturity levels. The maturity of pineapple juicy high levels, the return loss of transmission was
less than the pineapple non juicy. The results showed that the transmission of microwave was affected the maturity of
pineapple juicy levels. It can be concluded that the transmission of microwave frequency was significant for segregation of
pineapple juiciness.

Keywords : Segregation, Pineapple juicy, Microwave

Introduction

Pineapple (Ananas comosus) is the common name for an edible tropical plant and also its fruit [1]. The
pineapple is eaten fresh or canned and available as a juice or juice mixed. It is native from Paraguay and the
southern part of Brazil and nowadays also grown in several parts of Thailand. Thailand is one of the world’s
leading manufacturer and exporters of pineapples [1]. Pattavia variety of pineapples is generally used as raw
materials in the production process of canned pineapples. Pineapple is exported in fresh or as processed
products which the most critical factor is the quality of the raw material [2]. There are classification of grade
fruits such as size, appearance and maturity index. Maturity index is the level of ripeness includes shape, color
and texture. The conventional method for maturity inspection is used the human expert employee. This method
will lead to some error due to human fault and take more time. However, several techniques exist for the
grading of fruit. The acoustic impulses are used to evaluate a watermelon’s internal quality [3]. This method
analyzed the sound from vibration of the knocking fruit. This method applies to evaluate pineapple maturity [4].
Whereas, Chyung [5] uses the acoustics impulses to assess the internal quality of pineapple. The resonant
frequencies obtained from acoustic impulse tests conducted on pineapple firmness and soluble solids have
been used to develop an artificial neural network (ANN) model for ripeness prediction [6]. In addition, the X-ray
images are used to detect pineapple translucency [7]. Near Infrared spectroscopy (NIR) has been used to
accurately predict soluble solids content in pineapples [8] used multivariate data analysis for classification of

pineapple maturity.

! Department of Electrical Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna, Lampang, Thailand.
2 Department of Electrical Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna, Chiangmai, Thailand.
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In this paper, segregation of pattavia pineapple juiciness by microwave for prediction of pineapple
maturity is proposed. Microwave is used to analyze the frequency of fruit for sorting the lushness of
pineapple.

This paper is organized as follows. First section describes materials and methodology. Second

section shows the results and discussions. And the last section concludes the paper.

Materials and Methods

1. Samoles

A sample of 200 fresh “Pattavia” cultivar pineapples was taken from the farms in the region of
Lampang Province, Thailand. The samples were divided into two groups of maturity level according to
their juiciness and non juicy. The samples were analyzed by using weight, diameter and the transmission
and reflection of microwave frequency response measurements to obtain nondestructive parameters. The
weight of pineapple must be in the range of 1-1.5 kilogram and a diameter of 10-15 centimeter. After that,
the pineapples were cut-open along the longitudinal axis and photographed. All processes were

managed within 2 day of the postharvest at room temperature approximately 25 °C.

2. Design horn antenna

The horn antenna was designed according to standard rectangular waveguide 5.8 GHz in

frequency. The dimension of horn antenna is shown in (Figure 1-2).

B < it e ol Attt T -
l 3 l Tl.?S
[— §§§§\ “.[]"
1.75 \\\:§§§\7 175 1
Figure 1 Top cross section of horn antenna. Figure 2 Lateral cross section of horn antenna

Form (Figure 1-2), the gain of a rectangular horn antenna can be obtained.

_ 47Z'6‘apAp _ 47&9@ (a,a,)

PE 22 "

Where D is gain of a rectangular horn antenna, 5ap is effective aperture, Ap is cross-sectional
area, d is the width of the cross-sectional area, a,, is the length of the cross-sectional area and A ois

the wavelength. The gain of a rectangular horn antenna calculation is about 17.08 dBi.
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Figure 3 Simulation results of the return loss.

Results and Discussions
1. Simulation results

Horn antenna was designed and simulated using computer program. The results were compared
with the calculated values. The return loss (S11) was the important parameter to consider as shown in
(Figure 3). The results show that the return loss of 5.8 GHz in frequency is -19.54 dB which is negative
above world standard (10 dB). Therefore, the antenna bandwidth has led to wider use of 1.4 GHz with
frequencies between 5.1 GHz. to 6.5 GHz. The simulation results of propagation and gain of the antenna
with computer program are shown in (Figure 4-5). The propagation is towards the front of the antenna
with the gain of 15.4 dBi, which is close to the calculated values. The implemented prototype in the

laboratory is shown in (Figure 6).

Phi=270

90

Figure 4 Simulation results of the propagation in 2D view.
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Figure 5 Simulation results of the propagation in 3D view.

2. Experimental results

The circuit configuration was used to measure the transmission and reflection of microwave
frequency response as shown in (Figure 6). An experiment of the segregation of pattavia pineapple
juiciness is used to confirm the performance of the proposed technique. The implemented prototype in

the laboratory is shown in (Figure 7).

Rectangular horn antenna

Wave guide

RF Analyzer

Figure 6 The circuit configuration
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Figure 7 Experimental equipment.

The photographs in (Figure 8) show the internal appearance of pineapples graded into two
maturity levels. (Figure 8 a) represents the non juicy pineapple and (Figure 8 b) for juiciness pineapple.
The return loss (S11) responses of a pineapple sample with two waveforms are shown in (Figure 9). The
results show that the format of the return loss is different. The return loss of transmission of juiciness
pineapple was less than the pineapple non juicy at 5.8 GHz in frequency. It can be concluded that the

transmission of microwave frequency was significant for segregation of pineapple juiciness.

a) b)

Figure 8 The internal appearance of pineapples: a) non juicy pineapple and b) juiciness pineapple.

133



Proceedings of The 5" Rajamangala University of Technology International Conference

Engineering and Research Industry

e (JURN] Tue, 2

Figure 9 The return loss (S11) waveform of: a) general pineapple and b) juiciness pineapple.

Conclusion

In this paper, segregation of pattavia pineapple maturity into different juicy level with microwave is
proposes. Microwave was used to analyze the frequency of fruit which used for sorting the juiciness of
pineapple. The horn antenna was designed according to standard rectangular waveguide 5.8 GHz in
frequency for transmission and reflection of microwave frequency response. Horn antenna was designed
and simulated using computer program. The results were compared with the calculated values. In
experimental, the pineapples were analyzed by using weight, diameter and the transmission and
reflection of microwave frequency response measurements to obtain nondestructive parameters. The
return loss of transmission of juiciness pineapple was less than the pineapple non juicy. It can be
concluded that the transmission of microwave frequency response significantly influence segregation of
pineapple juiciness. Therefore, microwave is used to analyze the frequency of fruit which used for

segregation of pattavia pineapple into different juicy levels.
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Synthesis of biodiesel from Irvingiamalayana seed oil
Usarat Kumtabtim' And Atitaya Siripinyanond2

ABSTRACT
Because of the increasing of fossil oil prices, reducing petroleum reserves and the environmental concern of
emission gases from fossil fueled engines, biodiesel has been used as a renewable energy source in recent years. In this
research, the study of synthesis biodiesel from Irvingiamalayana seed oil (Krabok oil) by transesterification reaction with
methanol and potassium hydroxide as catalyst were investigated. The parameters that effects on transesterification
reaction consist of the ratio of methanol and krabok oil, the concentration of catalyst, reaction temperature and reaction
time were studies. The preliminary results shown that the optimum conditions for the synthesis biodiesel from Krabok oil by

transesterification reaction were the mole ratio of methanol and krabok oil 8:1, the concentration of catalyst 1%, reaction

temperature of 60 °C and reaction time of 120 minutes. The content of methyl ester of Krabok biodiesel was determined
by gas chromatography (GC) to be 98% under the optimum condition. The obtained biodiesel was then tested for its fuel
properties. The result showed the feasibility of Krabok oil as a new suitable raw material for biodiesel preparation.
Keywords:Biodiesel,/rvingiamalayana seed oil, Transesterification reaction

Introduction

The attractive solution of biodiesel as a renewable transportation fuel in Thailand was increasing
because it can be compensated fossil oil and produced from vegetable oils and fats that low cost. The
advantages of biodiesel are its portability, ready availability, higher combustion efficiency, lower sulfur
content, renewability and higher biodegradability[1].Biodiesel fuel can be produced by transesterification
reaction of substantially any triglyceride feedstock. This consists of oil-bearing crops, animal fats, and
algal lipids. Transesterification reaction can convert the triglycerides into smaller hydrocarbon. The
alcohol catalyst mixtures with low molecular weight of alcohol such as methanol and ethanolwereadded
into the reaction. For cost reasons, methanol is the alcohol most frequently used for triglyceride
transesterification. Nevertheless, other alcohols arealso used.Various type of catalyst (acid, bases or
enzyme) can be used in this reaction. However, transesterification reaction with homogeneous base
catalysts requires a shorter reaction time and lower cost compared with enzyme catalysts[2].The reaction
products are a mixture of desires esters, mono and diglycerides, glycerol, water and catalyst. Biodiesel is
composed of mixture of fatty acid alkyl esters. The transesterification reaction using methyl alcohol is fatty
acid methyl ester(FAME) which is called biodiesel [3].
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Various types of vegetable oil can be used for preparation of biodiesel such as soybean, rice bran,
coconut, rapeseed, jatropha and sunflower [4,5]. The use of vegetable oil and triglyceride feedstock for biodiesel
production depends on regional availability and economics.

Irvingiamalayanais a local tree that produced not only in north region but also in northeast region of
Thailand. The Thai name of this tree is Krabok or Ka-bok.It is botanically classified in the family of Irvingiamalayana.
Krabok tree produces a popular and inexpensive wood that can be used for made furniture. The nutritional value
and physicochemical properties of Krabok fruit was evaluated by Sonwai[6]. The most important part of nut seems to
be oil. The fatty acid composition of Krabok nut was found to contain primarily saturated fatty acids such as lauric
acid and myristic acids. Therefore, the production of biodiesel fromThaiKrabokseed oilis very interesting research.

To our knowledge, no investigations have been conducted to optimize the parameters of transesterification
reaction for biodiesel production fromirvingiamalayana seed oil. In this study, the synthesis biodiesel from
Krabokseed oil by transesterification reaction was conducted. The parameters that effect on the content of fatty acid
methyl ester including the ratio of methanol and Krabok oil, the concentration of catalyst, reaction temperature and
reaction time are discuss

Materials and Methods

The Irvingiamalayana (Krabok) seed samples were taken from local market at Pitsanulok province in north
region of Thailand. Reagents for biodiesel synthesis were methanol (99.8%, Ajax Chemical Co. Ltd.). FAME standard
solution (Sulpelco FAME Mix 37 comp.) which contains 37 fatty acid methyl ester such as methyl myritate,
methylpalmitate, methyl stearate, oleic methyl ester and methyl behenate was used for GC analysis. Methyl
heptadecanoate was used as internal standard material for GC analysis. All reagents that used in reaction were
analytical reagent grade.

The Krabokoilwas prepared by solvent extraction. Firstly, the seed were clean and sent to the de-hulling to
remove the hulls from the kernel. The kernel of all samples were crushed and milled into fine particle. The small pieces of
Krabok seed was extracted using hexane as a solvent. The compositions of fatty acid in Krabok oil were determined
using gas chromatography. The extracted Krabok oil that used as raw material for biodiesel production was finally
stored in the dark bottle until use.

In this work, we investigated the influence of each factor on transesterification to optimize the reaction
condition. Methanol to oil molar ratio, potassium hydroxide concentration, reaction temperature and reaction time were
each considered as single factor. Four levels of methanal to triglyceride molar ratio (4:1, 6:1, 8:1, 10:1), four levels of
potassium hydroxide concentration base on the weight of Krabok ail (0.5, 1.0, 1.5, 2.0), three level of reaction
temperature (40, 50, 60 oC) and four level of reaction time(60, 90, 120, 180 minute) were chosen as variables. The
transesterification reaction was conducted in 250 ml glass batch reactor, placed in a thermostatic water bath, using
magnetic stirring at 500 rpm. The mixture was stirred at the same rate in all run. The excess amount of methanol in the
product was recovered by rotary funnel and left overnight for phase separation into two layers. The upper oil layer was
crude biodiesel that was collected and washed with warm deionized water (55-60 oC). Excess water in products was
recovered by heated at 120°C for 4 hours. The Krabok biodiesel was filtered. The content of fatty acid methyl ester in
product was analyzed by gas chromatography (GC) using EN14103 method.

GC analysis for fatty acid methyl ester of Krabok biodiesel was performed using Agilent 6890N gas
chromatography with capillary column (HP-INNoWax ) 30 m x 0.32 mm inner diameter(ID) x 0.25 um film thickness,
equipped with a flam ionization detector(FID) and Agilent7683 Autosampler. The initial temperature program was 50 °c
with 2 min hold, then raised to 200 °C at 20 V/min with 10 min hold. Final temperature was 280 °C at 5 °C/min with 2
min hold. The carrier gas was nitrogen, and fatty acid analysis was performed by injection of 1 UL of each sample. The
run time for a single sample was 38.5 min. Additionally, the Krabok biodiesel that obtained from optimum condition was
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analyzed the percent methyl ester byquality analysis department (PTT public company limited) in order to certify the

result of Krabok biodiesel.
Parameters Level
1 2 3 4

Methanol to triglyceride molar ratio 4:1 6:1 8:1 10:1
Potassium hydroxide amount (wt %) 0.5 1.0 15 2.0
Reaction temperature (°C) 40 50 60
Reaction time (minute) 30 60 120 180

Results and Discussions
Krabok oil characteristic

The characterization of Krabok oil that used as starting raw material for biodiesel production is important because
vegetable oil properties influence the biodiesel properties significantly. The physicochemical characteristic of Krabok oil
was shown in Table 1.The major fatty acid compositions ofKrabok oil were capric, lauric, myristic, palmiticand oleic.
There are a significant proportion of short chain fatty acids, such as C10, C12 and C14, compare to other oils typically
used for biodiesel production such as rapeseed soybean and sunflower oil. These short-chain acids were converted in
to ester and introduced complications during the biodiesel production process[7].

Table 1 Physicochemical properties of Krabok oil

Characteristic

Free fatty acid (% as oleic acid) 0.9
Saponification value 243
lodine value 8.3

Fatty acid composition (wt%)

Capric acid (C10:0) 1.7
Lauric acid (C12:0) 417
Myristicacid(C14:0) 54.6
Palmitic acid (C16:0) 14
Oleic acid (C18:2) 0.6

Table 2 Parameters and levels of experimental design scheme for transesterification reaction
Optimum parameter for biodiesel synthesis from Krabok oil
For the transesterification reaction of Krabok oil, we investigated several operating conditions:
molar ratio of methanol to Krabokoil, catalyst concentration, reaction temperature and reaction time
Molar ratio of methanol to Krabokoil
The most important factor of alkali-catalyzed transesterification was the molar ratio of alcohol and oil. An

excess of methanol is required in order to drive the reaction towards completion because transesterification is a
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reversible reaction. The stoichiometry of this reaction require 3 mol of alcohol/ 1 mol of triglyceride to produce 3 mol of
FAME and 1 mol of glycerol[8].The increase in molar ratio of methanol will result in high biodiesel yield. In this
experiment, four different molar ratioswerestudies. The methanol to Krabok oil ratio was varied within the range of 4:1 to
10:1 with a reaction temperature of 60°C and 1%KOH on the basis of oil weight as catalyst for 60 min. The maximum
fatty acid methyl ester was found at the methanol to oil molar ratio of 8:1. As shown in Fig. 1, with increase in methanol to
Krabok oil molar ratio, the content of methylester was increase and reached a maximum at the methanal to oil ratio of
8:1. However, the furtherincrease in molar ratio beyond 8:1 resulted in a small decrease inthe percent of methyl ester.

The yield remains the same with further increase in the methanol to Krabok oil molar ratio.

80

60

20 I

0 + T T T f
4:1 6:1 8:1 10:1

Mole ratio of methanol to Krabok oil

Methyl ester (Yow/w)
N
(=)

Figure 1 Effect of mole ratio of methanol to Krabok oil on fatty acid methyl ester. Experimental conditions:

reaction temperature:60 oC; potassium hydroxide content: 1 wt%; reaction time: 60 min.; mixing speed:
500 rpm.

Catalyst concentration

Transesterification reaction of Krabok oil was performed using potassium hydroxide as catalyst. Potassium
hydroxide has an advantage because it can serve as a fertilizer. Because potassium hydroxide can be convert into
product which can serve as a fertilizer. Sine KOH is more economical than sodium hydroxide, it is the preferred choice
for large-scale FAME production process[4,8]. The effect of potassium hydroxide content was studied in the range of
0.5 to 2% by weight. Figure 2 shows the influence of the amount of potassium hydroxide on biodiesel yield. The content
of fatty acid methyl ester was quite low for small quantities of potassium hydroxide. The amount of potassium hydroxide
depends on the amount of free fatty acid content. In this work, the optimum catalyst concentration of potassium
hydroxide was 1 %. As shown in Figure 2, the content of fatty acid methyl ester was enhanced by increasing KOH
concentration. Additionally, it was observed that the yield of biodiesel started to decline when the catalyst concentration
was increased above 1.0%. There was a gradual increase in the content of methyl ester from 89 to 97 as the catalyst
loading increased from 0.5 to 2 wt.%. However, the biodiesel from the reaction slightly increase with further increase in

catalystloading higher than 1wt.%. Therefore, the catalyst concentration of 1% was chosen for subsequent experiment.

i

0

Methyl ester (%ow/W)

Concentratlon of KOH (%W/W)
Figure 2 Effect of potassium hydroxide content on fatty acid methyl ester .Experimental conditions: reaction

temperature:60 oC; reaction time: 2 h; methanol to Krabok oil mole ratio: 8:1; mixing speed: 500 rpm.
Reaction temperature
The effect of temperature on Krabok oil fransesterification reaction was investigate at 40, 50 and 60 °c using

potassium hydroxide concentration of 1 %(w/v) and molar ratio of methanol to oil of 8:1. As illustrated in Figure 3, the content of

methyl ester was44, 70, and 95% at 40, 50 and 60 OCrespectively. The reaction temperature strongly affected the content of
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methyl ester. In general, fransesterification reaction is performed near the bailing point of the alcohol at atmospheric pressure.
Further increase in temperature is reported to have a negative effect on the content of methyl ester{9]. In this work, the optimum

temperature was 60°C because the maximum content of methyl ester was observed.

100

g ]

0 +
4

Methyl ester
(Yow/w)

Reactior? ?emperature (6‘% )
Figure 3 Effect of reaction temperature on fatty acid methyl ester .Experimental conditions: methanol to Krabok oil mole

ratio: 8:1; potassium hydroxide content: 1%wt; mixing speed: 500 rpm; reaction time 120min.

Reaction time

Reaction time was significant operating parameters which are closely related to the energy costs of biodiesel
production process. Different researchers have reported different reaction time for transesterification process[3].The
effect of reaction time on the transesterification of Krabok oil at catalyst concentration of 2%, molar ratio of 8:1and 60°C
were determined. In this work, the reaction times were determined at 30, 60, 120 and 180 minutes. The result shown that
within 60 min, the reaction was rapid.The content of fatty acid methyl ester was enhanced by increasing the reaction
time.However, it was observed that no significant increase in the content of methyl ester was observed with prolongation
of the reaction beyond 120 minute. Therefore, the optimum reaction time in this study was 120minutes. Under optimum
condition, the content of methyl ester in this study correlates well with the certificate of analysis byquality analysis
department (PTT public company limited).

The physical and chemical properties of Krabok biodiesel were determined by standard method. The results
were compared with those of Thai Biodiesel specification that shown in Table 3. It was found that Krabok biodiesel had
some fuel properties correlated with Thai biodiesel specification.

Table 3 Properties of Krabok biodiesel in comparison with Thai biodiesel specification

Test item Method Limit Result in this work
Density at 15 °C, kg/m3 ASTM D 4052-96 860-900 871.7
Kinematic viscosity at 40°C, mm’/s ASTM D 445-06 3.5-5.0 3.753
Total acid number, mg KOH/g ASTM D 664-01 Max.0.5 0.25
Water content, %wt EN ISO12937 Report 0.03
100~
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8
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Figure 4 Effect reaction time on fatty acid methyl ester .Experimental conditions: reaction temperature:60

oC; methanol to Krabok oil mole ratio: 8:1; potassium hydroxide content: 1%wt; mixing speed: 500 rpom
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Conclusion

This paper illustrated a new raw material and methods for sustainable biodiesel production
fromlrvingiamalayana seed oil. The synthesis of biodiesel fromKrabok oil by transesterification reaction with methanol
and potassium hydroxide as catalyst was carried out. The experimental parameters that effect on the content of fatty
acid methyl ester were investigated. Optimum parameters were 8:1 methanol to Krabok oil mole ratio, 1 wt. % of
potassium hydroxide, 2 hours of reaction time, with mixing speed 500 rpm in this experiment range. Under optimum
conditions, Krabok oil was converted into biodiesel with fatty acid methyl ester content reaching 98% which correlate the
certificate of analysis from quality analysis department, PTT public company limited.Some fuel properties of Krabok
biodiesel are agreement with Thai biodiesel specification. The result showed the feasibility of Krabok oil as a new

suitable raw material for biodiesel production.
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Diversity of macroinvertebrates in the Wa River, Bo Klua, Nan Province, Thailand
Patchara Nithirojpakdee ;' Chaowalee Jaisuk’ And Tharatep Sukkong1

ABSTRACT

The research on diversity of macroinvertebrates in Wa River, Amphur Bo Klua, Nan Province, Thailand 15 research
sampling sites along Wa River were investigated on September in 2013 (wet season) and February in 2014 (dry season).
Macroinvertebrates were collected by Surber sample. Class Insecta was found, Order Trichoptera is highest diversity (9
families) including Fleptoceridae, Glossosomatidae, Helicopsychidae, Hydropsychidae, Hydroptilidae, epidostomatidae,
Limnephilidae, Phryganeidae and Polycentropodidae. The average of species diversity index was 1.39 + 0.61 in wet
season and 1.44 + 0.88 in dry season. Diversity of macroinvertebrates were changed by seasonal and geographic
characteristics of the region. According, organism by species composition of macroinvertebrates and species diversity
index (1.38), the water quality of Wa River is good quality for aquatic organism.

Keywords: macroinvertebrates, aquatic insect, species diversity, biodiversity

Introduction

In Thailand has undergone rapid social and economic changes in recent decades and with these
has been a precipitous rise in the degradation of natural resources. Forest cover, coastal mangroves,
coral reefs and many aquatic and terrestrial animals have declined in distribution and numbers, in some
cases dramatically [1]. Threats of species and habitat as a consequence of human activities can lead to
widespread environmental losses. For example, algaecides, pesticides and fertilizers to agriculture
cropland can result in significant additions of contaminants to water resources. Anthropogenic activities
can change biodiversity within aquatic ecosystems and effects on human health. Aquatic biodiversity can
experience a decline due to loss or fragmentation of habitat and pollution. Changes in benthic invertebrate
community structure and distribution are associated with changes in environmental factors [2].

Benthic invertebrates play an important role in transitional ecosystems, by filtering phytoplankton
and then acting as a food source for larger organisms such as fish, thereby linking primary production
with higher trophic levels. Aquatic macroinvertebrates are organisms for indicators of stream quality [3].
Moreover, benthic macroinvertebrates were used to achieve the above objectives in a variety of ways,
including monitoring changes in genetic composition, bioaccumulation of toxicants, toxicological testing
in the laboratory and field, and measurements of changes in population numbers, community
composition, or ecosystem functioning [4].

Insects are among the most conspicuous inhabitants of streams and rivers. In most cases, it is the
larval stages of these insects that are aquatic, whereas the adults are terrestrial. Immature aquatic insects
abound in the benthos of riffle regions of headwater rivers [5] in Thailand, especially, Hydropsychidae,
Baetidae and Leptophelidae [6].

The aims of this research were to present a preliminary assessment of the diversity and distribution
of stream macroinvertebrates in the Wa River, Bo Klua, Northern of Thailand. The results of this research
evaluate for environmental health of Wa River to generate information on stream conservation, especially

management conservation area in future.
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Materials and Methods

This research was conducted Wa River, Amphur Bo Klua, Nan Province, during wet season
(September in 2013) and dry season (February in 2014). The research area is approximately 746 (667-
824) meters above sea level. Sampling sites (15 sites) were selected along Wa River. Macroinvertebrates
were collected using Surber sample. All collected specimens were collected and preserved in 70%
ethanol for subsequent counting and identified to the lowest practical taxonomic level in the laboratory by
stereomicroscope. A variety of relevant keys were used for identifying specimens [7]; [8]; [9]; [10]; [11];
[12].Then, species diversity index (H) of macroinvertebrates community were described using the

Shannon -Weiner diversity index (high values of H would be representative of more diverse communities).

Results and Discussions

In this study, all 3 Phylum of macroinvertebrates from Wa River sampling were found, consisting of
Arthropoda, Mollusca and Annelida. Phylum Arthropoda and Phylum Mollusca were found in wet and dry
season (Table 1 and 2). In contrast, Phylum Annelida (Class Oligochaeta) was found only in dry season at
3 sampling sites (site 10, 13 and 15) (Table 2). Class Insecta (Phylum Arthropoda) was highest taxa in all
seasons [13]; [14]. Order Trichoptera was the most diverse groups [16], followed by Ephemeroptera and
Diptera, respectively in this studied [15]; [16] see Table 1 and 2. Similarity with Dudgeon [11] reported
naturally, the caddisflies (Trichoptera) are highly represented in the tropics.

Diversity of macroinvertebrates were changed between season and sampling sites. Changes in
the species composition and the relative abundance of each species most commonly occur in response
to environmental changes [17]. Similarity with Principe [18] suggested differences in the physical
attributes of riffles and runs were clearly reflected in the taxonomic composition of aquatic
macroinvertebrates assemblages of tropical stream. Hildrew [19] showed the distribution of organism
changes in relation to hydrological and geomorphological conditions at different spatial scales: drainage,
reach, and habitat. Aquatic insect emergence is strongly influenced by season. Most of Asian countries
are effected by monsoon and seasonal rainfall, and monsoon behavior is nearly unpredictable [20].
Diptera (Chironomidae) was the most distribution in both seasons in Wa River. Simialrity, Principle [18]
found chironomids were the main taxa in runs of streams. Chironomids taxa were reported to be the least
affected by activities of fish and shrimp, suggesting that their ability to build retreats and bury themselves
provides protection againts macroconsumers [21];[22]. The average of species diversity index (1.38) of
macroinvertebrates in Wa River were demonstreated good water quality of organisms [23].

In wet season, Phylum Arthropoda was higher diverse groups (8 Orders) than Phylum Mollusca (1
Order). Phylum Mollusca was found in some sampling sites (site 10 and 12). Order Trichoptera is highly
represented in this study (9 families), followed by Ephemeroptera (6 families) and Diptera (5 families and

1 group), respectively (Table 1). Site 6 was found highest number of taxa. Incontrast, site 3 and 15 were
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found lowest number of taxa. The average of species diversity index was 1.39 + 0.61. The highest
species diversity index was site 9 (2.16), followed by site 6 (2.15) and site 7, 11 (2.02), respectively. In
contrast, site 3 was found lowest diversity Index (0.27) (Table 1).

In dry season, Highest diverse of macroinvertebrate was Phylum Arthropoda (8 orders). Phylum
Annelida was found in some sampling sites (site 10, 13 and 15) and Phylum Mollusca was found only in
site 10. Moreover, Order trichoptera was highest diverse groups (7 families), followed by Ephemeroptera
(6 families) and Diptera (4 families and 1 group), respectively (Table 2). Site 10 was found highest
number of taxa. In contrast, site 9, 11and 12 were not found macroinvertebrates in this study. The
average of species diversity index was 1.44 + 0.88. The highest species diversity index was site 7(2.4),
followed by site 10 (2.33) and site 8(2.3), respectively. In contrast, species diversity index was 0 at site 9,

11 and 12 (Table 2).

Table 1. Diversity of macroinvertebrates at 15 sites in wet season in Wa River, Bo Klua, Nan province.

Phylum/ Family/Group Sites (September 2013)
Class Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Arthropoda/ Elmidae / / / / / / / / / /
Coleoptera
Insecta Psephenidae / / / / / /
Collembola (unidentified) /
Diptera Chironomidae / / / / / / / / / / / / / /
Tabanidae /
Thaumaleidae /
Tipulidae / / / / / / / / /
Pupae(unidentified) / / / / / / / / / / / /
Simulidae / / / / / / / /
Ephemeroptera Baetidae / / / / / / / / / / / / /
Caenidae / / / / / / / / / / /
Ephemerelidae / /
Heptageniidae / / / / / / / /
Leptophlebiidae / / / / / / / /
Tricorythidae / / / / / / /
Corixidae / / / /
Hemiptera Gerridae /
Pleidae / / /
Odonata Coenagrionidae / / / /
Gomphidae / / / / / / / /
Trichoptera Fleptoceridae /
Glossosomatidae /
Helicopsychidae /
Hydropsychidae / / / / /
Hydroptilidae / / / / /
Lepidostomatidae /
Limnephilidae / /
Phryganeidae /
Polycentropodidae / /
Plecoptera Chloroperlidae /
Perlidae / /
Mollusca/ Mesogastropoda  (unidentified) / /
Gastropoda
H* 0.76 0.61 0.27 1.15 1.65 2.15 2.02 131 2.16 146 2.02 1.51 0.74 195 1.05

* Shannon — Weiner Diversity Index
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Table 2. Diversity of macroinvertebrates at 15 sites in dry season in Wa River, Bo Klua, Nan Province.

Phylun/ Family/Group Sites (February 2014)
Class Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Arthropoda/ Coleoptera Elmidae / / / / / /
Insecta Limnichidae /
Psephenidae / / / / / /
Collembola (unidentified) / /
Ephemeroptera Baetidae / / / / / / / / / / / /
Cacnidae / / / / / / / / /
Ephemeridae / /
Heptageniidae / / / / /
Leptophlebiidae / / / / / / /
Tricorythidae / / / /
Diptera Chironomidae / / / / / / / / / / / /
Thaumaleidae / /
Tipulidae / / / / /
Simulidae / /
Pupae(unidentified) / / / / / / / /
Hemiptera Corixidae / / / / / / /
Pleidae / / /
Veliidae /
Lepidoptera Pyralidae /
Odonata Coenagrionidae / /
Gomphidae / / / / /
Trichoptera Helicopsychidae / / /
Hydropsychidae / / / / /
Hydroptilidae / / / / / / /
Leptoceridae /
Limnephilidae / / / /
Polycentropodidae / / /
Psychomyiidae / / /
Annelida/ Oligochaeta (unidentified) / / /
Oligochaeta
Mollusca/
Gastropoda Mesogastropoda  (unidentified) /
H* 1.17 1.08 0.83 1.55 1.92 198 240 230 0 233 0 0 222 2.00 1.87

* Shannon — Weiner Diversity Index

Conclusion
The present study showed diversity and distribution of macroinvertebrates were changed in
season and location. Phylum Arthropoda, Class Insecta was most abundant taxa. Family Trichoptera was
highest diversity taxa among the macroinvertebrates. Family Diptera (Chironomidae) was the most
distribution in both seasons in Wa River. The average of species diversity index was 1.38. This study
suggested water quality of Wa River was good water quality for organism by species composition of

macroinvertebrates and species diversity index.
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Transmittance of Solar Radiation due to Absorption by Precipitable Water Vapor

in the Atmosphere
Sayan Phokate"

ABSTRACT

This research aims to calculate the transmittance of solar radiation due to absorption by precipitable water vapor in
the atmosphere of Thailand and calculate the precipitable water vapor in the atmosphere. The precipitable water vapor in
the atmosphere was calculated from upper air checking data (relative humidity and temperature). The data were collected
at four meteorological monitoring station located in Chiang Mai, UbonRatchathani, Bangkok and Songkhla during the years
1992-2012. The precipitable water vapor obtained from this investigation were used to formulate a mathematical model
relating to the precipitable water from four stations with surface climatological data (relative humidity and temperature) at
the same stations. The result showed that the relationship has a relatively high level of reliability. The precipitable water
vapor obtained from upper air nearly is equal to the value from the model. The difference in the Root Mean Square Error
(RMSE) is equal to 0.259 cm. Then, the researcher used a model to calculate the amount of precipitable water vapor at 85
meteorology stations nationwide.The result showed that the precipitable water vapor was less in the dry season (November
to March) and relative high in the rainy season (April to October).The average per year was found to be 4.55910.213
cm.When analyzing the solar radiation absorption by water vapor in the atmosphere. Found that the absorption is more or
less depending on the precipitable water vapor in the atmosphere, which has an average annual as 15.531 percent. The

transmittance ofsolar radiation due to absorption averageperyear was found to be 84.508 percent.

Keywords:Solar Radiation, Transmittance, Absorption, Precipitable Water Vapor

Introduction

In solar energy education for design energy technology system has to know quantity solar radiation
value divided by area at the station. Usually, solar radiationthatenter theearth's surfaceinto
theatmospherewillhave changed. That isadecrease whencompared tosolar radiationoutsidethe
atmosphere [1,2]. Solar radiation is one of the most important parameters that affect the heat balance of
the atmosphere and form the basis of most of the studies on climate change[3,4]. Normally, the amount of
solar radiation reaching the earth on a clear and cloudless day is about 75% of solar radiation, and on a
totally cloudy day it is about 25% of solar radiation [5]. Because of worldly atmosphere has the absorb
solar radiation. Moreover, the amount of water vapor in the atmosphere is an important influence in the
solar radiation depletion that comes through the atmosphere to the earth [6,7]. The water vapor can

absorb more than 10% of solar radiation traveling through the atmosphere [7].
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The amount of water vapor in the atmosphere indicates the change of weather, cloud formation,
formation of rain, fog, snow, hail, etc. In addition, water vapor in the atmosphere can absorb solar
radiation in broad band (0.25-4.0 Mm) at 15% [8], which the amount of absorption depends on the water
vapor in the atmosphere [9].Water vapor has an important role in the global climate change development,
it is fundamental to the transfer of energy in the atmosphere [4]. Because it is essential to human life,
many researchers proposed the estimation of atmospheric water vapor values such as for meteorological
applications. Lacking of water vapor data in a certain area can not prediction of current climate change. It
is a physical parameter that is difficult to measure with adequate spatial and time resolution under all
weather conditions. Additionally, the vapor phase plays an important role in the hydrological cycle, and it
affects the climate and weather systems [10]. Generally, the quantity of water vapor in the atmosphere is
shown by precipitable water vapor. Precipitable water vapor value represents the total amount of water
vapor content in the lower atmosphere that would result from condensing all the water vapor in an
atmospheric column at a particular time and over a given location from the surface of Earth to the top of
the atmosphere [9,11,12]. The amount of water vapor in the atmosphere, which is rare in Thailand has not
been measured directly. From the investigation, it was found that water vapor quantity has the relation to
the relative humidity and the temperature has of the air that from checking upper air data. In addition,
water vapor is changed by time and geography. [13-15].

Usually, we are able to show the amount of the precipitable water vapor, which will be in a form of
the total amount of water vapor in the zenith direction. Assuming that the water vapor was inserted in the
column of the atmosphere condenses into water[6,9]. In this research,therelationship betweentheamount
of water vapor fromrelative humidity and airtemperature of heupperair. InThailand, there is anupperair
meteorologicaldepartment by radiosonde observation, which has onlyfourstations across thecountry. The
data were collected at four meteorological monitoring stations located in Chiang Mai, UbonRatchathani,
Bangkok, and Songkhla during the years 1992-2012. The objective isto finda mathematical
modelforcalculating theamount ofwater vaporinthe atmosphere ofThailand.The research result will have
that can reduce the expenses in measure the value of water vapor for the station where no checking
upper air data and use base data in the education about incoming solar radiation in the Earth's surface
including the ability to transmittance solar radiation due to absorption by precipitable water vapor in the
atmosphere [8,16]. Additionally, detailed data of the water content are an important input data for

hydrological, energetic and radiation models [17-19].

Experiments detail

Precipitable water vapor is obtained by integrating the water vapor density in the vertical direction.

The realization of precipitable water vapor from upper air data by radiosonde observation is achieved
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through numerical integration. Radiosonde observation includes pressure, temperature and relative
humidity taken at different heights as the balloon rises. These discrete observation are converted into
water vapor densities and integrating these along a height profile yields the value of precipitable water
vapor [7,11]. At locations well away from an upper air station, atmospheric precipitable water is often
predicted using the strong correlation between surface vapor density (or surface vapor pressure) and
precipitable water (see for example Leckner [20],Gueymard[7],Gueymard and Garrison [6], Garrison and
Adler [14], Garrison [21]).

This study calculated the precipitable water vapor from the relation between the relative humidity
and temperature of the weather from upper air checking data at four meteorological monitoring stations,
namely Chiang Mai (18.78 °N, 98.98 °E) in the North, UbonRatchathani (15.25 °N, 104.87 °E) in the
North-east, Bangkok (13.73 °N, 100.57 °E) in the Central region and Songkla (7.20 °N, 100.60 °E) in the
South during the years 1992-2012. Then the amount of water from upper air checking data were analysed
to find the relation between temperature and relative humidity which is surface data from the same

stations. Precipitable water vapor from surface data were determined using the following equation [22].

w =0.90176 exp((WFRHmj (1)

Where w is precipitable water vapor in centimeters, RH is relative humidity(decimal), T is
ambient temperature(K) andpis the partial pressure of water vapor(mbar).
The partial pressure of water vaporin saturated air is given by the following semiempirical

equation [9,10].
p, = exp[26.23 —54;6) (2)

Result was used to formulate the precipitablewater vapor model, which was used for calculating
precipitable water vapor in other meteorological stations located in all main regions of the country.

The transmittance ofsolar radiation due to absorption by precipitable water vapor is given by [9]

29U
T, =1- 0.638 (3)
(1+141.50)">° +5.925U

andU = wm, 4)

Where T is the transmittance ofsolar radiation due to absorption by precipitable water vapor
(decimal), U is the pressure-corrected relative optical path length of precipitable water vapor (cm) andm,
is the relative optical air mass (decimal). After that, find the transmission of solar radiation due to

absorption by precipitable water vapor in the atmosphere from the relationship between T and w.
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Results and Discussions

The results of the modeling to calculate the precipitable water vapor for stations that do not have
upper checking data.The relation between water vapor value from upper checking data (w) with surface
data(temperature and relative humidity), which is surface data from the same station were calculated. The
precipitable water vapor obtained from upper air is nearly equal to the value of the empirical
equation.That is, the difference in the root mean square error(RMSE) is equal to 0.259 cm. According to
Table1, shown models of this work, Leckner[20], Garrison [21], Atwater and Ball [23] and Excell[13]
almost the same accuracy, based onthe relationship betweensurfacetemperature and relative humidity,
which is the same data at the same time. Results areshown inTable 1.
Table 1 The averageannualamount of precipitable water vaporfromthe upperair data, with that

calculated from the models of this work, Leckner, Garrison, Atwater and Ball, and Excell.

Method w (cm) Standard deviation RMSE (cm)
This work 4.55910.213 0.739 0.259
Leckner 4.548%0.287 0.638 0.334
Garrison 4.63610.222 0.782 0.411
Atwater and Ball 4.28410.207 0.589 0.561
Excell 4.974%0.318 0.721 0.629

This result was compared to that reported bylLeckner[20]and Garrison [21]based onthe relationship
betweensurfacetemperature and relative humidity, which is the same data at the same time. The standard
error of the mean is equal to 0.056 and the pattern of changes in the corresponding period. Consistent
withOkulovet al. [24], GueymardandGarrison [6] found that water vaporis changingthe location

andmonths of the year, shown in thefollowing figure1.
6

5

2 4 =4#=This work
=@=Leckner (1978)
1 =dr—=TJpper air data

—#—Garrison (1992)
0 T T T T T T T T T T T
Jan Feb Mar AprMay Jun Jul AugSep Oct NovDec
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Figure 1 Comparative data of monthly average precipitable water vapor between this work,Leckner

Precipitable water vapor (cm)
[#¥]

and Garrison.
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We used the empirical equation to calculate the precipitable water vapor from monthly average of
thesurface data (temperature and humidity)in during theyears 1992-2012 of 85nationwide stations. It was
found that, amount of precipitable water vapor associated systematic with surface data. Moreover, the
study showed that water vapor varies throughout the year from 2.431 to 6.146 centimeters, which is quite

high in rainy season, andadecreasein the dry season. The average per year is equal to

4.55910.213centimeters. Itwas also found that precipitable water vapor varies with latitudes of the
stations systematically. In addition,amount of water vapor inthe rainy season (April to October) was the
same for allstations around the country. However, precipitable water vapor slowly increases from the
North to the South from November to March.According toZhaiand Eskridge[15]findsthat the amount
ofwatervapor depends on thesurface data andtheseasonal changes. The absorptance by
watervaporaverageperyear in round 20 years was analyzed. It was found thatthe amount ofsolar
radiationabsorbed byprecipitablewatervapor ismore orless dependingon the amount
ofprecipitablewatervaporinthe atmosphere. Theaveragevalue of theabsorptance by water vapor is equal
to 0.155 or 15.531 percent. This is consistentwith theworkofNunez [8],the water vapor in the atmosphere
absorb solar radiation more than 15 percent. On the other hand, when the precipitable water vapor is
much, transmittance by water vapor is less. It was found that the transmittance by water vapor monthly
averagein 20 yearsequal to 0.845.Transmission analysis of atmospheric water vapor using the monthly

average in the past 20 years during 1992 to 2012 results are shown in Figure 2.

0.852 ~
0.85 -
0.848 -
0.846 -
0.844 -
0.842 -
0.84 -
0.838 -
0.836 - . . . . . . . . . . .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Transmittance of solar
radiation

Month

Figure 2 Show the transmittance of solar radiation is changed by the time of the year. (themonthly
average from the twenty year period of eighty-fivenationwide stations).
When therelationship between transmittance of solar radiation (T, ) and precipitable water

wapor (w) in the followingFigure 3. The mathematicalrelationship can be expressed asequation(5), with

thecorrelation coefficient (RZ) is equal to 0.932.

T, =—0.012w+0.8922 )
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Figure 3The relationship betweentransmittance of solar radiation( T, )andprecipitable water wapor(w)

(using the annual average during 1992-2012 of eighty-five stations across the country)

Conclusion

This researchhas calculatedtheamount ofwater vaporfrom relative humidityand temperature
fromupper air data ofthefourstations.The relationship between precipitable water vapor with the surface
data (temperature and relative humidity), which is measuredat the same station. Results ofanalysis
ofprecipitable water vaporhave a relationshipwiththe surface data, which can be writtenin termsof
mathematical models. The researchers used surface data from85stations across thecountry,
whichisapplied tothe model tocalculate the picipitable water vapor. The simulation results
showedthattheprecipitablewater vapor changedby the timeof the year. Which is higherinthe rainy season
from Aprilto Octoberand lessduringthedry seasonfrom November toMarch. Averagefor the
yearwas4.559i0.213 cm. lItis also found that the precipitable water varies with latitudes of the stations.
That is, the precipitable water is high in the South and low in the North. Solar radiation absorption by
precipitable water vapor is more or less depending on the amount of precipitable water vapor in the
atmosphere.The result indicatethat the transmission is more orless dependingon the amount
ofprecipitable water vaporinthe atmosphere. That is, when the precipitable water vapor is much,
transmissionis less. The average annualtransmission ofsolarradiationdue to absorptionbyprecipitable
water vaporis84.508percent. The relationship between the monthly average transmittance and monthly
average precipitable water vapor at high reliability, the correlation coefficient (RZ) was 0.932.

The result of this study was indirectly obtained from upper checking data and theoretical
calculation. In the future, it is advisable that the modern measuring instrument should be employed and
distributed to meteorological stations around Thailand to achieve that accurate data. Data obtained will
be useful for thestudy of weather change, weather forecast, solar radiation depletion and other related

areas.
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Concentration Effect of Solution on ZnO Hexagonal Nanorods Synthesized by

Aqueous Solution Process

Daw Yangnoi1 And Puenisara Limnonthakul'

ABSTRACT

In this research, the ZnO hexagonal nanorods was synthesized by aqueous solution process on seed zinc oxide
layer. Precursor solution consisted of zinc nitrate hexahydate and hexamethylenetetramine which diluted in deionized
water. The various precursor concentrations in the range of 5 mM to 50 mM were used to studied the ZnO nanorods growth
at 9OOC for 24 hours. We found that the precursor concentration is less than 20 mM, the nanowire with diameter size 23 to
40 nm was appeared, while the concentration is more than this the whisker was shown. Moreover, the ZnO nanorods was
completely growth with diameter size 105 nm at precursor concentration 50 mM. The morphological was characterized by
field-emission scanning electron microscopy (FE-SEM) and structural was characterized by X-ray diffractometry. The
results indicated that c-plane was dramatically growth at low concentration and a-plane was occurred at high

concentration.

Keywords: ZnO Nanorods , Aqueous Solution Process, Field-Emission Scanning Electron Microscopy, X-ray Diffractometry

Introduction

ZnO one dimensional has been extensively studied in the recent years for its potential
applications in fabricating electronic, optoelectronic and electromechanical devices. ZnO is a
semiconductor and has the direct wide band gap ( Eg = 3.37 eV at room temperature ). Thus, many
researchers try to investigate and fabricate the several patterns of ZnO nanostructures. ZnO
nanostructure including nanorods [1], nanowires [2],and nanowhiskers [3] have been reported. ZnO
nanorods are one among the promising nanostructures because ZnO nanorods have a large surface
area, a high aspect ratio, and a unique shape. A large surface area is important for high sensitivity
sensors for gas detection [4]. The high aspect ratio of ZnO nanorods allows excellent field emission for a
high-brightness electron source. More recently, ZnO nanorods provide possibilities for valuable
applications such as light emitting diodes (LEDs) [5] and solar cells [6] owing to their structural
advantages over thin films. The ZnO nanostructures have been prepared by pulsed laser deposition
(PLD) [7], sol gel [8], sputtering deposition [9], and aqueous solution process [10]. Among the growth
methods, the aqueous solution method shows many advantages over other deposition techniques, such
as low temperatures, simple equipment, cheap and environmentally friendly chemicals, and large
capacity of growth vessel.

Therefore, this research focused on the synthesis of ZnO nanorods by aqueous solution process at
low temperature. To explore the relationship between the precursor concentration and the density of the
ZnO nanorods, the influences of various precursor concentrations on physical morphologies and

crystallographic structures were investigated and discussed.

1Departmer\t of Physics, Faculty of Science, Srinakharinwirot University (SWU), Bangkok, Thailand.
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Experimental details

The details of experiment set-up have two steps consisted of substrate preparation and precursor

preparation. Firstly, for substrate preparation, the silicon wafer with (100) orientation was used as the

substrate. The seed ZnO with the thickness of 100 nm was deposited on top of the silicon wafer by
reactive rf magnetron sputtering. The rf power of 80 Watt, argon flow rate of 10 sccm and oxygen flow
rate of 15 sccm were used as the deposition condition. While the deposition is running, the pressure in
vacuum chamber was kept constant at 5 mTorr with deposition time for 20 minutes. Secondly, the
precursor for ZnO growth was prepared. The chemicals zinc nitrate hexahydrate (Zn(NQO,),.6H,0) and
hexamethylenetramine (HMTA;C.H,,N,) were used. Both of chemicals were analytical grade reagents and
were used without further purification. The aqueous precursors of zinc nitrate hexahydrate and
hexamethylenetramine (1:1 ratio) were dissolved in the deionized water (Dl), then the concentration of 5,
10, 20, 30, 40 and 50 mM were prepared. All of these solutions were stirred on the hotplate with magnetic
bar until complete dissolution.

In order to investigate the effect of various precursor concentration on ZnO nanorods growth,
each seed ZnO layer substrate was put face down on the surface of each beaker of aqueous solution
sample. Because of surface tension, the substrate could float at the top of the solution surface as seen in
Fig.1. Then all samples were heated at 90°C for 24 hours in the oven. Subsequently, the final products
were rinsed by DI water and dried at room temperature. Finally, the study of morphological of ZnO
nanorods was provided by the field emission scanning electron microscopy (FE-SEM, Hitachi).

Additionally, the crystal structure of ZnO was examined by using the grazing incidence X-ray diffraction

(GIXRD, Rigaku) of 40kV, 30 mA in 20 scanning range from 20° to 70° with 0.02 steps.

Zn0 seed layer S b
Si wafeN I '

Zn0O nanorods

Figure 1 Schematics of ZnO growth in aqueous precursor solution at 90°C for 24 hours in the oven.
Results and Discussions
Fig. 2(a-b) show the SEM images of the morphological of ZnO with 5 mM and 10 mM

concentration of Zn(N03)2.6H2O:HMTA. The results show the nanowire with diameter size of 2 various
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concentrations are 23 and 40 nm, respectively. The ZnO NWSs density, defined as number of NWs per 1
pm2, increase as precursor concentration increase. The possible of this reason is the same as Xu S., et al
[11]. Zinc chemical potential inside the solution body increases with zinc concentration is increased. To
balance the increased zinc chemical potential in solution, more nucleation sites on the substrate surface
will be generated, and therefore, the density of ZnO NWs will increase. While, the zinc concentration is
further increased, the NWs density is decided by the number of nuclei formed at the beginning of the
growth, which continue to grow and form nanorods (shorter NWs) as seen in Fig. 2(c-f). Fig.2(c) shows
the tip whisker-like morphology of ZnO nanorods in the concentration 20 mM with diameter sizes are
around 45 nm and a number of NRs per mm2 is 8.00. When the concentration is more than 20 mM, the
hexagonal ZnO nanorods were shown. The diameter sizes of various concentration 30mM, 40 mM and 50
mM are 99 nm, 100 nm and 105 nm, respectively. The results indicated that at the beginning growth
process, the arrival of more ions on the substrate may initiate new nuclei and growth on the lateral first as
seen in Fig. 1c, then the axial growth and lateral growth seem to be equal significant, the hexagonal of

ZnO NRs were shown in Fig. 2(d-f).

Fig. 3 shows schematic images presenting the ZnO nanostructures formation at different
precursor concentrations. The formation of nanostructures from aqueous solution involves two steps,

nucleation and growth.
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Figure 2 SEM images of ZnO crystals prepared with different precursor concentration: (a) 5 mM , (b) 10

mM, (c) 20 mM, (d) 30 mM, (e) 40 mM, (f) 50 mM.

direction of hexagonal
plane growth T

seed ZnO Zn0O nucleation

=

Si wafer

High concentration

Figure 3 Schematic images presenting the ZnO nanostructures formation as a function of precursor
concentration (low concentration is less than 10 mM, middle concentration is 20 mM and high
concentration is more than 30 mM).

Fig. 4 shows the XRD patterns of ZnO NRs growth at different precursor concentrations. All of
the diffraction peaks are indexed to the standard of hexagonal wurtzite zinc oxide, and no diffraction
peaks of any other phases are detected. The XRD pattern shows the strong sharp reflection of (002) with
other diffraction peaks, indicating the multi-orientation character of ZnO nanostructures. When the
precursor concentration is increased, the plane of (100), (101) and (101) are decreased. It indicates that
when the ZnO has NWs structure, the plane side of hexagonal was shown, until ZnO NWs become the

NRs, the plane side was disappeared or decreased.
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Figure 4 XRD patterns of the ZnO nanorods prepared with various concentration of 5 to 50 mM.

Conclusions
The experimental results reveal that the ZnO NRs can be synthesis by aqueous solution method
and the influence of various precursor concentrations on the morphology of ZnO nanorods growth were
studied. When the precursor concentration was increased, the ZnO nanowires become the nanorods
and the diameter sizes of nanorods was increased. Moreover, the crystal structure of ZnO was confirmed
by XRD pattern. Consequently, the optimizations of preparation parameters are the interesting topic for

investigation in the next step.
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The Investigation of Four-Wave Mixing Correlation of Entangled Photon within a

Fiber Ring Resonator by Using Squeezed State Representation

Chatchawal Sripakdee“

ABSTRACT
The time correlation of entangled photon states generated by four-wave mixing process within a fiber ring resonator

was given and analyzed. The pure four-wave mixing based Hamiltonian dependence of the fiber optic nonlinear strength

coefficient }((3) was established. The squeezed state representation technique was applied to the system density operator
of photons to be used in Heisenberg equation of motion. It was found that the corresponding stochastic equation of motion
of photon states which reduced into the Fokker-Planck equation showed the validity oftheir dynamics lifetime via the second
order correlation strength, inferred variance criteria, and can justify its application domain to quantum information
processing.

Keywords: Four Wave Mixing, Entangled Photon, Quantum Correlation.
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INTRODUCTION

Entangled photon or EPR pair is a crucial key to quantum information processing such as
quantum cryptography, quantum teleportation, and quantum lithography [1]. Its most two prominent
properties are firstly, the simultaneous nature of transferring data in signal processing methodology via a
long distance communication with the highest fidelity and secondly, the most perfect data security from
any eavesdropper as a consequence of the no cloning theorem.

The most prominent of squeezed state of light is the principle of quadrature uncertainty. There
was a nondemolition observation of such states perform successfully [2]. In quantum information, the
squeezed coherent states of photon is used widely in a single qubit form. It responses as quantum gate
operation [3].

Recently, there are many successful results from the four wave mixing process to generate an
entangled photon pair such as in Rubidium vapor with electromagnetically induction [4] and using ultra-
short laser pumping pulses launch into nonlinear crystal fiber optics [5, 6]. Squeezed states of entangled
photon pair generated bythis process canalso be described for their validity in statistical language [7].
The extreme intensive laser pulses to be usedin a few mode fiber optic with the relationship of cross-
mode modulation to be treated as classical picture generation gives a clear description of conversion
efficiency [8].

Most of entangled photon generation occurs from the stimulated quantum mechanical
cascading process via parametric down conversion process within nonlinear susceptibility ;((2) and
;((3) materials where the polarization's reaction equation that show a material responding to external

electric field £ appears as

P=P+eE, +&,7%EE,

i,j i)k

+ oy EEE, ... (1)

WherePO is the built-in polarization, ;((m) is them" -order electric susceptibility and &, is the permittivity
of vacuum [9]. The generation process for a concerning entangled photon, in this equation, is exactly
about the third or the fourth terms in the right hand side depend on a type of used materials. The most
occurring quite frequently in a nonlinear optical fiber in this equation is the fourth term in a degenerated
four-wave mixing process where two types of photons, i.e. the two pumping and a signal and an idler, are
interacted under the quantum mechanically conservation principle of energy and momentum. The most
sensitive optical fiber topology that subsidized the process validity must arrange itself in a ring resonator

form for the reason of two type conservation tuning and seeking to be occurred [10]. It must again read
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out for clearing understand about the two types of physically conservation, first, for the energy appearing
in the frequency modes of photon, i.e. 20)p =w, +®, and second, for the momentum or phase
matching read as2kp =k, +k , where p,s and i stand for the pumping, the signal and the idler
photon’s mode, respectively. The focusing on optical fiber generation about the description of entangled
photon in polarization modes of four-wave mixing was successfully and appeared in a nonlinear
Schradinger equation [11]. Then four types of fullentangled photon states can be written in a famous of

Bell's form as [12]

) =—=(1+), 81-), £]-), ®l+),). @

1
2

x)

and

9 =), @1+, 21, @]),) o

Where|+> and |—> represent the horizontal and vertical photon’s polarization state, respectively. These
states were determined a class of correlations for some continuous variable criteria, extended to get

some corresponding observables from the composites 1 parties entanglement system appearing in the

n

~ \2 ~\2 d
most famous another type of Bell's inequality as<X”> +<Y> < <H(X,f +Y] )> where X, and

Yk are local real continuous observation variables of the kth-partite [13].

In this article, within a fiber optic ring resonator, the correlation between the signal and the idler
modes of photon will be analyze by using the squeezed states representation. Because of there exist the
quantum decoherence arisen from photon-phonon interaction between system, i.e. entangled photon,
with an external heat reservoir, this mean that the correlation should be breakdown for any period of

times.
Materials and Methods

It well known that photon states from the second quantizing to the classical electromagnetic Maxwell’s
equation can be decomposed into three different kinds of quantum states of photon: the number states,
the coherence states and the squeezed state. A full description of the electromagnetic field requires a
quantum statistics treatment because of they have an infinite of modes where each mode is described by
independent Hilbert spaces. In this article, the suitable representation is in the coherent states invented
by P. D. Drummond, positive P representation [14]. This will be applied with the squeezed state of

entangled photon generated from the four-wave mixing process within a fiber optic ring resonator.
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To give more details about the generation of entangled photon from the four-wave mixing
process within a nonlinear fiber ring resonator, it deserves to talk about its mechanics. The pumping
coherent photon state of frequency mode , within the more strength discrete pulses of Gaussian
soliton type is launched frequently into a fiber and induce stimulated parametric down conversion in the
cascade process to be converted and finally emit a pair of entangled photon circling in the ring and
ready to be used in quantum information processing. The establishing degenerated four-wave mixing

Hamiltonian describing the entangled photon in the system is

A =iny® (dlala -a,aa'") ()

s p Lt

Where&j and &; stand for the annihilation and creation operators of photon of modes j=s,i, p
respectively. Remind that this process is governed by the energy and momentum conservation laws as
seen in the previous section.

To find two kinds of photon states evolving in time domain under quantum Markov process, let's
start to analyze by using the master equation in Von Neumann equation for time evolution in Schrodinger

picture, hence;

d A
~ ~

h—p=[H, 5
ih—-p [H,p] (5)

This equation hard to solve analytically, so it can be transformed into the second order stochastic
equation by using the most well-known powerful and trustable +P representation of density matrix

operator /5 [15] where

p= J. Ao, o) P(a,07)d u(a, o) (6)
D

wherea =(a,,a,,a,) and o = (a;,a:,a;) and a projection operator is

oy 9@
A((l,(l )—W (7)

To examine the entanglement correlation from the results of eq. (5), the criteria for crossing

variance of any two operators )A(l. and I;l , field quadrature operators, guarantee from Bell’s inequality that
V(XY <1. )

In this equation the upper script inf refers to the inferred variance [16]. This will be used and showed for

more details in the next section.
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Results and Discussion

When the +P representation in eq. (6) was applied tothe squeezed state representation, it found that a
well-defined probability density was validity as shown in Fig. 1. This make sure that its benefits can be

used to determine all concerning physical observables.

0.7

o
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=
~

W
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Probability density
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1
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1
—_
ol
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(8]
w

Fig.1: The signal photon annihilation operator &S was transformed into a c-number in the equivalent form
o, by the +P representation. It was found that this representation has a well-define function to be used

statistically for all observables.

To analyze the equation of motion satisfying eq. (5), let's make a change from the quantum operators to
the new corresponding c-number variables by applying the +P representation to get the variables such
as &S —>a,, &i —,, and &p —>a,. This operation will be achieved by substitute eq. (4) into eq. (5)
and next using eq. (6), then the equivalent Fokker-Planck equation that describes the states evolution in a
phase space or in a complex plane is arrived as
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2

anrZ

P

(xVala) | P(a,a,1) (9)

Consequently; this equation renders set of Langevin equations [17] :

0 )t 2 [0

aaszz afa, +\x"a, 281,

a + _ 03 +2 3) .+ /2 ¢
5% T, +\x T, 28,1,

0 )t [0

Eai:;( ajo, +4 e, 12 & (1),

a + _ 03 +2+ [ 3) +/2 ¢
aai - l asap l ap 54( ) '
0

=% =" Vaala) + yPa,a; &),
Loy =—pVatala, + 7wl &0,

(10)

where noise correlations satisfy the condition

(&)=0. (&0 @)=5,0a-1). (1)

where 7, j =1,2,...,6.
The trajectoryin time evolution of entangled state & in complex plane, using the results of eq. (10), is

shown as in Fig.2.

1.5

Imaginary(ocs)

Fig. 2: The stochastic the trajectory of a real versus imagine part of signal state from the result of eq. (10).
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Fig.3: The correlation time of signal photon state, & ,at a given boundary conditions and finally their amplitudes are

approximately ceased for the interacting with heat reservoir after the time beyond 60 seconds.

From eq. (10) it is useful to examine the correlation of entangled criteria of signal and idler photons by invoking of
eq. (8). In the fiber ring resonator, assume that there are many signal photons occur for many times pumping, so
the Bose-Einstein distribution function included the signal photon population n;h must be applied for all
photonstates in a ring. Fig. 4 shows variance’'s acceptable according to Bell's inequality. This means that the

hidden variables does not exist for quantum photon entanglement.

1

0.8}

0.6f

0.4}

Var(ReaI(as))
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Fig. 4: Show the variance of the signal state evolution, its density of state is less than 1 and for the variance of so,

correspond to Bell’'s inequality in eq. (8). This is true as well for the variance of its counterpart creation operatora:.

Conclusion

The correlation relation between signal and idler photon, a pair of entangled photon, generated from the
four-wave mixing process within a nonlinear fiber ring resonator was established and analyzed by using the

squeezed state incorporated with the +P representation. The validity lifetime of an entangled photon pair was
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shown and appropriate to apply in many concerning quantum information which used entangled photon in the
process. From the inferring variance, it was found that there was a violation of Bell's inequality and guarantee the
quantum nature of the entangled photon pair. The simulation of the evolution in time of entangled signal state was
shown that it had enough lifetime but after that it ceased from the reservoir's absorption. This lifetime has significant

figure to quantum information processing.
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Evaluation the physico-chemical properties of surface water and sediments: A

case study of Klong Prem Prachakorn, Thailand

*

Varinthorn Boonyaroj !

Abstract

Water demand in Thailand is increasing dramatically due to economics and population growth. At the same time the
amount of wastewater generation from communities were also increased. Certain physico-chemical properties can cause
water pollution. Common sources of water pollution in canals in Thailand especially at Klong Prem Prachakorn are
untreated wastewater, improperly treated communities wastewater, and accumulated contaminants from the recurring flood
situation in Bangkok. In this study, the physico-chemical properties of surface water and sediment in Klong Prem
Prachakorn were investigated. The geographical information system (GIS) was applied in this research. The samples were
collected from Klong Prem Prachakorn in a distance of 1.3 kilometers between Bang Khen train station intersection and
Wat Samiannaree intersection. The physico-chemical properties were analyzed according to the standard methods for the
examination of water and wastewater. The results show that the quality of the water samples being monitored were within
the range of the surface water qualities standard in Thailand. The organic residue in terms of chemical oxygen demand
(COD) in sediment was also investigated. This research provides physico-chemical properties of the contaminated surface
water and offer the information for the selection of the appropriate campaign for Klong Prem Prachakorn conservation.

Keywords: surface water, water quality, sediment, physico-chemical properties, geographical information system (GIS)

Introduction

Water demand in Thailand is increasing dramatically due to the economic expansion and rapid
population growth. Consequently, the amount of wastewater generation from the communities are also
increased. Certain physico-chemical properties can cause water pollution. Common sources of water
pollution in canals in Thailand especially Klong Prem Prachakorn include untreated wastewater
discharged directly to the canal, improperly treated communities wastewater, and accumulated
contaminants from the recurring flood situation in Bangkok. Natural sediment in canals contain nutrients,
organic, inorganic compounds. However, in most cases, only contaminants that cause health risk are

concerned.
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The geographical information system (GIS) is a very helpful tool for developing solutions for water
resources problems. It can remotely assess water quality. The information provided by GIS is very useful
for policy makers for determining remedial measures [4]. GIS was used for selected site location. This
research was performed to investigate the physico-chemical properties of surface water and natural
sediment in Klong Prem Prachakorn. Moreover, the COD reduction in batch experiment was also

investigated.

Introduction

Water demand in Thailand is increasing dramatically due to the economic expansion and rapid
population growth. Consequently, the amount of wastewater generation from the communities are also
increased. Certain physico-chemical properties can cause water pollution. Common sources of water
pollution in canals in Thailand especially Klong Prem Prachakorn include untreated wastewater
discharged directly to the canal, improperly treated communities wastewater, and accumulated
contaminants from the recurring flood situation in Bangkok. Natural sediment in canals contain nutrients,
organic, inorganic compounds. However, in most cases, only contaminants that cause health risk are
concerned. The geographical information system (GIS) is a very helpful tool for developing solutions for
water resources problems. It can remotely assess water quality. The information provided by GIS is very
useful for policy makers for determining remedial measures [4]. GIS was used for selected site location.
This research was performed to investigate the physico-chemical properties of surface water and natural
sediment in Klong Prem Prachakorn. Moreover, the COD reduction in batch experiment was also

investigated.

Materials and Methods

Water qualities analyses were regularly monitored using the analytical procedures described in
Standard Methods for the Examination of Water and Wastewater [1]. The wastewater were stored at a
temperature of 4°C. Wastewater used in the experiment was obtained from Klong Prem Prachakorn in
Thailand. The geographical information system (GIS) was applied in this research. The samples were
collected from Klong Prem Prachakorn in a distance of 1.3 kilometers between Bang Khen train station
intersection and Wat Samiannaree intersection. The biochemical oxygen demand (BOD) and chemical
oxygen demand (COD) were 98 mg/l and 194 mg/l, on average. The characteristics of leachate used in

this study are shown in Table 1. All water quality parameters in the influent (wastewater) were regularly
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analyzed every 7 days. The analyzed parameters included pH, Temperature, SS, TDS, Turbidity, DO,

BOD, COD. Moreover, The COD and organic matter in natural sediment were also determined.

Table 1 Characteristics of wastewater used in experiment. (n=7)

Parameter Unit Range Avg+SD
pH - 7.12-8.40 7.89+0.30
Temperature °C 25.0-26.9 27+0.7
Turbidity NTU 115-368 27555
DO ma/l 0.12-3.64 0.82+0.90
BOD mg/I 60-127 98+24
COD ma/l 108-480 1944132
SS mg/l 42-82 58+11
TDS ma/l 1,075-1,380 1,265+101

Batch experiment was conducted in laboratory under room temperature (25-30 °C) where pH of mixed
liguor was 7.0-8.0 and dissolved oxygen (DO) during the testing time was maintained at the level higher
than 3 mg/l. The COD reduction during the experimental operation was also investigated as shown in

Figure1.

Natural sediment
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Figure 1 COD reduction in batch experiment.

Results and Discussions

The Physico-chemical properties of natural sediment used in the experiment are divided into 2
sampling points as shown in Table 2. pH value at each sampling points were neutral. The COD
concentration contained in natural sediment at Bang Khen train station intersection, and Wat
Samiannaree intersection were found 58 mg/l, and 64 mg/l, respectively. Moreover, the percentage of OM
were present approximately 17%, and 10%, respectively as shown in Figure 2. The water qualities in
Klong Prem Prachakorn were shown in Table 3. The organic compounds accumulated in surface water
and natural sediment depends on size of the communities. Moreover, rapid expansion of community
development near Klong Prem Prachakorn over the past decades considerably impact the quality of

water in this canal.

Table 2 Physico-chemical properties of natural sediment used in experiment. (n=3)

Parameter Unit Sampling point
Bang Khen Wat Samiannaree
train station intersection intersection

pH - 7.6 8.0
Temperature °C 26 29
EC us/cm 257 395
COD mg/l 58 64
oM % 17 10
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Figure 2 Organic matter COD concentration in natural sediment.

Table 3 Characteristics of water in Klong Prem Prachakorn. (n=5)

Parameter Unit Sampling point

Bang Khen Wat Samiannaree intersection

train station intersection

Range Avg+SD Range Avg+SD
pH - 7.11-7.51 7.29+0.16 7.06-7.55 7.34+0.22
Temperature °Cc 20.8-27.6 25.912.9 21.3-27.9 26.0£2.8
Turbidity NTU 16-47 3213 18-60 3717
DO mg/l 1.34-4.70 3.50+1.59 2.36-4.84 3.32+0.97
BOD mg/l 9-18 1414 4-19 1517
COD mg/l 28-57 43+13 23-53 4012
SS mg/l 8-31 19+£10 15-62 37121
TDS mg/l 175-340 23374 212-480 356+107
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The samples were taken at time intervals during 24 h period for the determination of COD
concentrations in dissolved forms. For the adsorption experiment, inactivated natural sediment was used
for determining adsorption capacity of sediment. The natural sediment samples obtained from Klong
Prem Prachakorn were inactivated three times by pasteurization at 121 °C for 15 min in order to terminate
microbial activities. Same procedures with those used in biodegradation experiment were performed
using inactivated natural sediment. The initial concentrations of COD in wastewater in these batch
experiments were controlled at 350 mg/l. Figure 3 show the decrease of COD concentration in batch
experiments using sediment. During 24 h, the concentrations of COD residue by natural sediment was
found approximately 12 mg/l. It was found that the biological activity y microorganisms in natural

sediment as an important role for COD reduction in wastewater.
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Figure 3 COD reduction in by natural sediment and inactivated natural sediment.

Conclusion
This research found physico-chemical properties of surface water and natural sediment collected from

Klong Prem Prachakorn, Thailand. The capacity of natural sediment in batch experiment showed the
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COD concentrations in water sample was decreased rapidly by natural sediment. For this case, biological
activity by microorganisms in the natural sediment plays an important role in COD reduction in water
sample. This research provided the water qualities situation of the canal, and offer the information for

appropriate campaign of surface water conservation at Klong Prem Prachakorn.
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Community participation in the study of biodiversity of mosquitoes at Khuan

Kreang peat lands, Kreang Sub-District, Cha-Uat District, Nakhon Si Thammarat, Thailand

Suppawan Prompraov

ABSTRACT

The present study was conducted in 2011-2012 to provide community participation in the surveillance of
mosquitoes breeding sites, identify the types of mosquitoes, estimate the risk of dengue haemorrhagic fever (DHF)
transmission and perform the association between DHF patients and household’s activities factors, in the household’'s
residents and swamp area of Khuan Kreang Peat Lands, Kreang Sub-District, Cha-Uat District, Nakhon Si Thammarat,
Thailand. Stratified random sampling technique was used to select the sample, 11 villages of Kreang sub-district was
assigned to stratum. Three hundred households were assigned to sample units. Descriptive statistics were used to analyze
the data and stepwise regression was used to form the model. The results showed that 2,124 containers were found and
displayed some significant about this area. Out of 115 from 300 were Aedes positive households, 209 from 2,124 were
Aedes positive containers. The collected mosquitoes’ larvae were 6,501 which composed of Aedes aegypti (5.45%),
Aedes albopictus (18.78%), Culex (49.08%), Mansonia (0.14%) and Pupae (26.55%), while no Anopheles. In the peat land
region, adult mosquitoes were found but mosquito larvae were not. It may be the acidic of water (range of pH was 2.00 to
5.78), which was an unsuitable condition for the survival of mosquito larvae. Out of 11, 9 villages were DHF risk
transmission (BI>50), include Village no 1 (Ban Khuan Pom), Village no 3 (Ban Khuan Yao), Village no 4 (Ban Khuan
Kreang), Village no 5 (Ban Thung Kri), Village no 6 (Ban Khuan Raph), Village no 7 (Ban Yhan Dang), Village no 9 (Ban
Khuan Ching), Village no 10 (Ban Bang Noi) and Village no 11 (Ban Sai Kanuun). Six predictor variables used to predict
DHF patients, namely, animal pan, earthen jar, Ae. aegypti in drainage of refrigerators, pH in saucer planters, temperature
in metal boxes and temperature in earthen jars. Since Aedes mosquitoes breed both inside and outside residential areas.
To control these activities and mosquitoes, the elimination of natural and artificial containers or remodeling of those

breeding sites should be taken into contemplation.

Keywords: Biodiversity, Swamp Area, Water Storage Container, Mosquito Breeding Site, Regression Model

Introduction

Controlling of mosquito-borne diseases effectively and successfully, having a good knowledge of
the breeding ecology of mosquitoes include , the types and preferences for mosquitoes’ larvae habitats,
spatial and temporal distribution of breeding sites, the physical, biological and chemical characteristics
of the habitat were required or necessary factors [1]. Previous findings of Adebote et al. (2008) [2] and
Afolabi et al. (2010) [3] revealed that convenient aquatic breeding sites for some mosquito species may
be inconvenient for other species. Some mosquitoes’ species showed preference to water with suitable
pH, optimum temperature, dissolved oxygen, concentration of ammonia, nitrate [4][5]. These parameters
have been found to affect larval development and survival in breeding water storage containers.
Mosquitoes were well known group of insects, which transmit many dreadful diseases causing serious

health problems to human being [6].
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Biodiversity referred to the variability of both plants and animals. Widely, it was the richness of an
ecological community. The diversity among insect has always been of keen interest, not only to
entomologists dealing with structure and function, but also to those who were engaged in different
environmental programs [7]. Khuan Kreang Peat Lands were located at Kreang Sub-District, Cha-Uat
District, Nakhon Si Thammarat Province. Studies on the mosquitoes in the area has very little in spite of
hearsay of the residents in the past have suffered with lymphatic filariasis from the bite throughout [8].
The study took place in similar areas at a peat swamp forest (Phru Toh Daeng Area), Su-ngai Kolok
District, Narathiwat Province between years 2000-2002 by Aphiwathnasorn et al. [9]. They found 54
species 12 genera of mosquitoes, 60-70 % were of Mansonia. In the year 2003, Sujariyakul and 1Faoulty
of Science and Technology, Nakhon Si Thammarat Rajabhat University, Nakhon Si Thammarat, Thailand.

Wonghiranrachata [10] have explored the mosquito vectors and mosquito larvae in Pak Panang
Basin Project. They found that Cha-Uat District have a mosquito vector of malaria, lymphatic filariasis and
dengue and village no 4 (Ban Khuan Kreang) was high DHF risk area (Breteau index: Bl was the highest
to 240). Last, in the year 2007, Promprao’s studies in Kreang Sub-District. This study found 238 of water
storage containers, mosquito larvae was not found but 418 of the others were not identified [11].
Moreover, the implementation of various development projects, the lack of participation from the public
sector or local communities. Projects mainly affect the negative rather than the positive of Khun Kreang
Peat land community. No storage of community database and use database. As a result, the public does
not participate in management [12]. Therefore, a study of the biology of mosquito and environmental
parameters of the breeding sites will be essential to determine their influence on mosquitoes’ distribution
and biodiversity. Hence, the goal of this study were to: For community involvement in education about the
breeding of mosquitoes, study the type and abundance of mosquitoes, determine the abundance of
mosquitoes and the risk of dengue fever and study the relationship between DHF patients and

household’s activities factors.

Materials and Methods

Study area: Kreang was one of Sub-District of Cha-Uat District, Nakhon Si Thammarat, Thailand. 70% of
Kreang Sub-District was swamp forest. There was a forest in lowland flooding throughout the year. The
natural river flow was Cha-Uat, flows into the sea at Pak Phanang River. Most people living along the flood
plains, flat area without water flooding, and live in the hills known as "Khuan", which has a total area of
110,016 Rais (hectares). The area was divided into 11 villages with a local population 84,227 and a

density of 101.1 /km” (Figure 1-3).
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Data collection: A questionnaire survey was conducted in Khuan Kreang Peat Lands, in May-June 2011,
covering 11 villages of Kreang Sub-District. Three hundred households in these 11 villages were sampled
by a systematic stratified random sampling technique. By a proportional allocation method, these 300
sample units were assigned to 11 villages that assigned as stratums. One person in the collected
household was identified as a sample unit. Breeding places [13] were sampled both indoors and
outdoors within 15 meters of the houses. Temperature and pH of water in all breeding places were

measured.

Mosquito Larval studies: Larval surveys were conducted in the study area using fishnets by teachers and
students in Kreang Sub-District. All live mosquito larvae were collected in plastic bags, taken to the
biological laboratory, preserved in 70% ethyl alcohol and identified up to species level. In this study, the
1st, 2nd instars and pupae were discarded because mosquitoes at these stages could not be identified.
Types and numbers of mosquito larvae in water containers at each household were classified. Mosquito’s
larvae were identified as Aedes aegypti, Ae. albopictus, Culex, Mansonia or others from the biological

laboratory [14](Figure 4).

Statistical Analysis: The data were computerized and validated using SPSS for Windows. Percentage,
mean, standard deviation and Pearson’s correlation coefficient were used to analyze the data.
Entomological indices, such as House Index (HI; percentage of number of Aedes positive households),
Container Index (CI; percentage of number of Aedes positive containers), and Breteau Index (Bl; number
of Aedes positive containers in 100 households), were executed [15][16][17]. The multiple regression
was based on the general formula: Y = BO +[31X1 +[32X2 +...+kak +E&, where Y was the DHF patients in
household, Bw, BZ, Bk were the regression coefficient of household's activities variables of X, X,, ... X,
and € was the error term. In the multiple regression analysis, the fifteen variables that were significantly
correlated to DHF patients were included in the tentative model. Stepwise regression technique was
algorithm for including and excluding independent variables, used to select adequate model with the
highest coefficient of determination (RZ). The selected model identified the multicollinearity by examining
the variance inflation factor (VIF), i.e. a VIF value less than 5 indicated absence of multicollinearity.
Durbin-Watson Test was used to explore the independent of error term. DHF risks in this area were

evaluated by criteria[16][17].
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DHEF risk level HI BI
Low HI<0.1 % BI<5
Medium 01%<HI<5% 5<BI<50
High HI>5% BI>50

1) Chauat 2) Tha Samet

3) Tha Pracha 4) Khreng

5) Waryg Ang () Ban Tun

7) Xhon Hat €) Ko khar

Uy xhuan Nong Heng 10) Kao Para Thong
11 Naug Long

®) (e)
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Figure 2 The examples of study area, (a) in household (b) Kreang peat land, Kreang Sub-District, Cha-Uat District,

Nakhon Si Thammarat, Thailand

Moscluito larvae

Siphon absent Siphon present

—

.'1 i UP-"}C'J":.\'

Siphon asymmetric in lateral view Siphon cylindrical

Mansonia l
Siphnn with ane Pairr. of siphunal tufts and Sip}mn with several P.‘li]"ﬁ of
situated in the mid region of the siphon siphonal tufts

Culex

Aedes

Figure 4 Process and identification of mosquitoes from mosquito larvae
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Results and Discussion

Containers were found, displayed some household’s activities. The total of 13 types of indoor
water storage containers and 19 types of outdoor containers were found. Two types of indoor containers
(i.e., plastic bucket and cement tanks) were found in all villages and only one type of outdoor containers

(i.e., jar>100 liters) was found in all villages (Table 1).

A total of 6,501 mosquito larvae from 300 households in Kreang Sub-District were collected from
all water storage containers. Three hundred and fifty four mosquito larvae were Ae. aegypti, 1,221
mosquito larvae were Ae. albopictus, 3,191 mosquito larvae were Culex, only 9 mosquito larvae were

Mansonia and 1,726 were pupae but Anopheles was not found in this study (Table 2).

Table 1 Number of water storage containers, classified as a village

Name of No. of Village
containers 1 2 3 4 5 6 7 8 9 10 11 Total
Indoor
Plastic buckets 58 61 62 74 53 18 15 22 23 22 24 432
Cement tanks 24 25 17 12 22 11 13 11 5 12 20 172
Other containers 20 21 11 22 22 7 16 14 0 5 12 150
Ant guards 12 7 8 0 4 4 0 4 0 4 16 59
Jar <100 liters 6 4 8 15 8 3 0 1 0 1 2 48
Coolers 5 2 7 3 4 0 0 0 0 0 3 24
Jar > 100 liters 0 3 7 4 0 4 0 0 1 0 4 23
Wastewater boxes Fridge 0 2 2 6 4 0 2 0 0 1 0 17
Vase 1 1 1 1 2 1 0 0 0 0 1 8
Wastewater boxes cooler 2 2 0 0 0 0 0 0 0 0 0 4
Saucer planters 1 0 1 1 0 0 0 0 0 0 0 3
Indoor basins 1 1 0 1 0 0 0 0 0 0 0 3
Spotted betel containers 0 0 0 0 1 0 0 0 1 0 0 2
Total (Indoor) 130 129 124 139 120 48 46 52 30 45 82 945
Outdoor
Jar > 100 liters 61 125 77 65 36 66 63 90 69 64 114 830
Plastic buckets 10 2 21 9 6 2 2 0 5 7 14 78
Cement tanks 4 10 0 6 3 2 3 1 3 1 9 42
Water tree containers 5 3 1 2 1 5 1 3 1 5 5 32
Used tires 4 4 2 1 2 4 1 1 5 0 6 30
Holes 0 9 2 3 3 5 4 1 0 1 0 28
Metal boxes 1 2 6 2 0 0 0 1 1 0 5 18
Animal pans 0 7 2 6 1 0 0 0 0 1 0 17
Coconut shells 0 1 4 7 0 0 0 2 3 0 0 17
Preserves areca jars 0 0 8 1 1 0 1 0 6 0 0 17
Rainy tanks 0 0 3 5 1 0 1 1 0 0 5 16
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Earthen jars 2 2 3 1 0 2 0 1 0 1 3 15
Lotus basins 2 1 2 0 0 0 0 0 0 0 7 12
Water basins 3 0 0 1 2 0 1 0 2 0 2 11
Saucer planters 3 0 0 0 0 1 0 0 0 0 1 5
Other containers 1 1 0 3 0 0 0 0 0 0 0 5
Banana bracts 0 0 0 4 0 0 0 0 0 0 0 4
Ceramic containers 0 0 0 0 0 1 0 0 0 0 0 1
Old cars 0 0 0 1 0 0 0 0 0 0 0 1
Total (outdoor) 9% 167 131 117 56 88 77 101 95 80 171 1179
Total 226 296 255 256 176 136 123 153 125 125 253 2124

Table2 Number of mosquitoes’ larvae and pupae at Khuan Kreang peat land, classified as a village

Mosquitoes species

No. of Village Aedes Aedes
Culex Mansonia pupae
aegypti albopictus
1 64 159 541 6 62
2 0 73 420 1 24
3 40 194 203 1 708
4 33 118 210 0 180
5 112 210 99 0 40
6 0 130 40 0 33
7 0 6 262 0 43
8 1 5 54 0 12
9 1 51 403 0 492
10 0 79 156 1 7
11 103 196 803 0 125
Total 354 1,221 3,191 9 1,726
(7.41%) (25.57%) (66.83%) (0.19%)
Total of larvae and 354 1,221 (18.78%) 3,191 (49.08%) 6,501
pupae (5.45%) 9(0.14%)

The totals of 2,124 water storage containers were inspected for Ae. aegypti, Ae. albopictus, Culex,
Mansonia and Anopheles. Of these containers, 945 containers located indoor were found 273 of Ae.
aegypti, 594 of Ae. albopictus, 1,886 were Culex, only 6 were of Mansonia. A total of 1,179 containers
located outdoor were found 81 of Ae. aegypti, 627 of Ae. albopictus, 1,305 were Culex, only 3 were of

Mansonia. Anopheles were not found indoor and outdoor in this study. All types of mosquitoes larvae was
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identified that not found indoor containers including: cooler, jar>100 liters, wastewater boxes cooler,
indoor basins and spotted betel containers, while outdoor containers include lotus basins, banana bracts,
old cars, ceramic container and other containers, were not found all types of mosquitoes larvae. Most
number of larvae was found indoor containers, was jar< 100 liters and mosquito larvae was found most in
the outdoor was plastic buckets. The results were in line with the study of Wongkoon et al. [18], they
found that three types of indoor containers (i.e., small jars, cement tanks, and plastic tanks) were infested
with Aedes larvae and 10 types of outdoor containers (i.e., small jar, cement tanks, plastic tanks, used
cans, tires, plastic bottles, discarded objects, pot saucers plant pots and areca husks) were infested with

Aedes larvae.

For indoor containers, most number of Ae. aegypti larvae, Ae. albopictus larvae, were found in
cement tanks and wastewater boxes fridge, respectively. While most number of Culex larvae and
Mansonia larvae were found most in jar< 100 liters. For outdoor containers, most number of Ae. aegypti
larvae and Ae. albopictus larvae were found most in plastic buckets but Culex larvae were found most in
jar>100 liters and the Mansonia larvae found just 1 percent in the plastic buckets, holes and metal boxes
(Table 3). The study about Aedes laval occurrence in Vietnam of Phong and Nam (1999) found that Ae.
aegyptiand Ae. albopictus larvae were mostly found in artificial containers. Ae.aegyplti larvae were found
in drums, jars, concrete tanks and discarded objects. On the other hand, Ae.albopictus larvae were
mainly found in jars, discarded objects, drums and aquariums [19]. Wongkoon et al. studied Aedes larval
occurrence in Nakhon Si Thammarat, Thailand and found Ae. aegypti and Ae. albopictus larvae in six
water storage containers including plant pots, animal pans, tires, small jars, water containers in bathroom
and concrete tanks. They found that from these six containers, there were a higher number of Ae. Aegypti
larvae in artificial containers (i.e., water containers in bathroom and concrete tanks) than Ae. albopictus
[20]. Number of Culex larvae were most found in this study, 1,208 of Culex larvae were found indoor jars
and 477 of them were found outdoor jar. The high occurrence of Culex in jars could probably be due to
its adaptable life to this habitat. The results of this study was corresponding with previous findings and
showing that indoor important breeding site of Ae. aegypti were cement tank, for Ae. albopictus were
wastewater boxes fridge, for Culex and for Mansonia were jar<100 liters, while outdoor important
breeding site of Ae. aegypti and Ae. albopictus were plastic buckets, for Culex were jar>100 liters and

for Mansonia were jar<100 liters, holes and metal boxes(Table 3).
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Table 3 Number of mosquito larvae indoor and outdoor water storage containers

Namle of Number Mosquitoes species Total
containers Ae. aegypti  Ae. albopictus Culex Mansonia

Indoor 945 594 1886 6 2758
Plastic buckets 432 7 109 342 0 458
Cement tanks 172 115 86 94 0 295
Other containers 150 2 14 3 0 19
Ant guards 59 31 32 0 0 63
Jar <100liters 48 97 151 1208 6 1462
Coolers 24 0 0 0 0 0
Jar >100liters 23 0 0 0 0 0
Wastewater boxes Fridge 17 20 196 240 0 456
Vase 8 0 2 0 0 2
Wastewater boxes cooler 4 0 0 0 0 0
Saucer planters 3 0 3 0 0 3
Indoor basins 3 0 0 0 0 0
Spotted betel containers 2 0 0 0 0 0
Outdoor 1179 81 627 1305 3 2017
Jar >100 liters 830 6 0 477 0 483
Plastic buckets 78 63 262 296 1 622
Cement tanks 42 0 1 46 0 47
Water tree containers 32 0 0 71 0 71
Used tires 30 0 156 164 0 320
Holes 28 0 0 3 1 4
Metal boxes 18 4 60 0 1 65
Animal pans 17 0 0 2 0 2
Preserves areca jars 17 0 59 144 0 203
Coconut shells 17 0 12 44 0 56
Rainy tanks 16 8 2 0 0 10
Earthen jars 15 0 47 3 0 50
Lotus basins 12 0 0 0 0 0
Water basins 11 0 0 56 0 56
Saucer planters 5 0 28 0 0 28
Other containers 5 0 0 0 0 0
Banana bracts 4 0 0 0 0 0
Old cars 1 0 0 0 0 0
Ceramic containers 1 0 0 0 0 0
Total 2124 354 1221 3191 9 4775

Entomological Indices: Kreang Sub-District was identified to high DHF risk area in this study (mean
HI=36.80>5, mean BI=70.37>50). In village level showed that 39.02<BI<151.72, there were 9 villages of

11 villages was a risk of dengue haemorrhagic fever transmission (BI>50), include Village no 1 (Ban
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Khuan Pom), Village no 3 (Ban Khuan Yao), Village no 4 (Ban Khuan Kreang), Village no 5 (Ban Thung
Kri), Village no 6 (Ban Khuan Raph), Village no 7 (Ban Yhan Dang), Village no 9 (Ban Khuan Ching),
Village no 10 (Ban Bang Noi) and Village no 11 (Ban Sai Kanuun) (Table 4-5).

Table 4 Number of households, mosquito larvae, water storage containers and entomological indices at

Khuan Kreang peat land, classified as a village

No. of Number Indices
Village Surveyed Aedes positive Surveyed  Aedes positive
households households containers containers & “ °

1 39 19 226 23 48.72 10.18  58.97
2 41 7 296 16 17.07 541  39.02
3 41 15 255 27 36.59 1059 65.85
4 34 14 256 19 4118 7.42 5588
5 37 13 176 21 3514 1193 56.76
6 17 8 136 11 47.06 8.09 64.71
7 14 2 123 12 1429 976  85.71
8 13 2 153 6 1538 3.92 46.15
9 15 7 125 20 46.67 16.00 133.33
10 20 3 125 10 15.00 8.00 50.00
11 29 25 253 44 68.97 17.39 151.72

Total 300 115 2124 209 38.33 9.84 6967

Table 5 Entomological Indices calculation in Khuan Kreang Peat Land, average all Sub-District in case of

stratified random sampling and a village was assigned to a stratum (W= surveyed household/300)

\l/\:ﬁég?(fe Number of Household W Indices Multiple W. *Indices

Surveyed Total ‘ HI Cl Bl WXHI - WxCl W*BI
1 39 172 0.12 48.72 10.18 58.97 6.02 1.26 7.28
2 41 194 0.14 17.07 5.41 39.02 238 0.75 5.43
3 41 195 0.14 36.59 10.59 65.85 512 148 9.22
4 34 151 0.1 41.18 7.42 55.88 446  0.80 6.06
5 37 173 0.12 35.14 11.93 56.76 436 1.48 7.05
6 17 77 0.06 47.06 8.09 64.71 260 0.45 3.58
7 14 63 0.05 14.29 9.76 85.71 0.65 044 3.88
8 13 59 0.04 15.38 3.92 46.15 0.65 017 1.95
9 15 71 0.05 46.67 16.00 133.33 238 0.82 6.80
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10 20 93 0.07 15.00 8.00 50.00 1.00 0.53 3.34
11 29 145 0.10 68.97 17.39  151.72 718 181 15.79
Total 300 1393 1.00 38.33 9.84 69.67 36.80 9.99 70.37

Temperature and pH: The average temperature and pH parameters in which breeding was
observed in the study area include: indoor mean temperature range of 27.75 °C -32.66°C, outdoor mean
temperature range of 27.48 °C -31.43°C, indoor mean pH range of 7.52-8.95, and outdoor mean pH
range of 5.21-8.46. The maximum indoor temperature (38.50°C) was found in wastewater boxes fridge
but the minimum (24.90°C) was found in other containers (i.e. broken glass, damaged chairs) while the
maximum (41.20°C) and minimum (24.90°C) outdoor temperature were found in the same type of
containers (jar > 100 liters). The maximum indoor pH (10.56) was found in wastewater boxes fridge but
the minimum (5.57) was found in jar <100 liters while the maximum outdoor pH (10.30) was found in used
tires but minimum outdoor pH (3.60) was found in holes (Table 6).

Table 6 Mean, Standard deviation (SD), Minimum and Maximum of pH and Temperature of indoor and

outdoor water storage containers

Name of containers number pH Temperature (°C)

mean SD  min max mean SD min max
Indoor Plastic buckets 432 8.07 062 6.32 935 29.66 2.23 2540 36.50
Cement tanks 172 779 0.67 5.84 9.33 2775 128 2520 32.30
Other containers 150 8.03 0.63 756 9.79 28.34 157 2490 31.80
Ant guards 59 756 074 646 894 29.37 113 2790 32.10
Jar <100 liters 48 7.52 110 5.57 983 28.39 0.97 2520 30.40
Coolers 24 797 069 644 934 29.05 1.22 27.20 30.80
Jar >100 liters 23 749 099 598 8.82 28.08 0.98 26.80 29.80
Wastewater boxes Fridge 17 779 132 524 10.56 32.66 346 27.40 38.50
Vase 8 7.78 047 7.05 823 29.40 0.67 28.70 30.50
Wastewater boxes cooler 4 852 047 7.83 8.87 31.05 269 27.20 33.10
Saucer planters 3 792 042 7.65 840 2940 046 2890 29.80
Indoor basins 3 895 084 825 988 29.00 1.22 2760 29.80
Spotted betel containers 2 790 0.00 790 7.90 29.30 0.00 29.30 29.30
Outdoor Jar >100 liters 830 8.05 061 582 9.71 28.97 228 2490 41.20
Plastic buckets 78 755 111 574 998 30.05 2.34 26.90 37.10
Cement tanks 42 820 066 7.12 9.55 28.88 1.49 26.50 32.40
Water tree containers 32 8.16 054 730 955 28.68 2.07 2530 32.20
Used tires 30 8.38 0.88 651 10.30 29.08 2.23 2590 34.00
Holes 28 738 174 360 899 3041 169 2820 34.50
Metal boxes 18 725 0.89 557 8.20 3143 235 27.80 35.10
Animal pans 177 790 0.66 592 8.60 30.02 1.96 26.70 33.70
Preserves areca jars 17 751 070 5.57 8.00 30.48 244 2550 34.00
Coconut shells 17 6.81 111 547 8.08 30.74 1.97 28.60 35.90
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Rainy tanks 16 830 035 7.81 9.01 29.27 1.65 26.90 32.00
Earthen jars 15 757 076 6.17 9.08 29.86 1.71 27.70 33.10
Lotus basins 12 790 068 7.04 9.27 28.78 1.74 27.00 31.60
Water basins 11 846 034 812 894 29.32 3.15 2570 33.90
Saucer planters 5 803 078 692 8.75 2748 0.65 26.90 28.40
Other containers 5 765 066 6.39 8.69 2947 1.65 27.08 31.80
Banana bracts 4 521 000 521 5.21 29.80 0.00 29.80 29.80
Old cars 1 792 0.00 792 792 27.70 0.00 27.70 27.70
Ceramic containers 1 720 0.00 720 7.20 29.50 0.00 29.50 29.50
Total 2124

Water temperatures in mosquito breeding observed in the study suggested that mosquitoes
procreate at water temperature mean of 27.75°C -32.66°C. This finding was supported by the study of
Afolabi Olajide et al. [3] and Afolabi and Ndams [6], they confounded that mosquitoes breed at water
temperature of 26.5 to 29.3°C and female mosquitoes preferred water temperature range of 24.7 to
28.3°C. Temperature and pH of water in water storage container were negative relation in low level (r=-
0.2262). It showed that temperature increased of the pH decreased and temperature decreased the pH

increased (Figure 5).
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Figure 5 Relationship between temperature and pH of water in water storage containers

These findings was corresponded with the study of Apiwathnasorn (2012) was concluded that
temperature, which directly affects the growth rate. An increase in temperature will change pH levels and
concentration of ions, impact of large molecules such as proteins, fats, carbohydrates, DNA and RNA
within the cell, membrane nucleus, mitochondria and ribosome. Higher temperatures are higher in acidity,

rate of 0.015-0.200 pH units per degree Celsius [21]. This will impact compounding the function of
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proteins, nucleic acids, and membrane [22]. So when the temperature warms up, the insects will grow
faster. Additionally, moisture will affect the lifespan of insects (longevity). Mosquitoes were susceptible to
temperature changes in a narrow range 2°C [23]. Mosquitoes grow from egg to adult usually take from 7-
14 days at a temperature of 31°C and at 28°C the life cycle of the mosquito be 10-12 days and may last

up to 20 days when temperatures drop to 20°C.

Regression analysis: Correlation and regression analysis were a major statistical tool used in this
study. For investing the relationship between household’s activities and DHF patients. The results
revealed that out of 167 variables, 15 variables that were correlated with the number of cases of DHF
patients. Pearson’s correlation coefficient of 15 variables showed positive significantly correlation
between household’s activities and DHF patients. It found that 6 out of 15 variables in this study showed
significant correlated with DHF patients. The residuals correspond with the assumptions of regression
analysis (E[e] = 0, Var [e] approximate 1, independent of e, and e; Durbin-Watson = 1.819>1.5). Interval
of VIF of all significant variables were 1.003-1.038 which less than 5. Results of residual analysis were
then used for the verification of the applicability of assembled regression model. The existences of
influential and outlier observations were checked but not found in the model (maximum of standard error
was not more than 3).

An analysis of variance (ANOVA) indicated that data fit the model well (F = 18.009,

6, 293, 0.01
p=0.000). 26.9% of the variation of DHF patients were explained by 6 independent variables (Adjusted R’
= 0.25). Since, it was not significant of constant term (t=1.249, p=0.213). The updated regression model
without constant term or the multiple linear regression through the origin, composed of six predictors to
predict DHF patients, namely; animal pan (X1); (t=3.411, p=0.001), earthen jar (X3); (t=2.445, p=0.015),
number of Ae. aegypti in wastewater boxes fridge (X5); (t=7.391, p=0.000), pH of water in saucer
planters (X8); (t=2.390, p=0.017), temperature of water in metal boxes (X13); (t=2.646, p=0.009) and
temperature of water in earthen jars (X14); (t=3.871, p=0.000), with R°=26.9% (adjust R® =25.4%, Durbin-

Watson = 1.819). Thus, the appropriate regression model was based on the following:

Y =0.167 (X1) + 0.120 (X2) + 0.362 (X3) + 0.116 (X4) + 0.128 (X5) + 0.195 (X6)
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Household’s activities about Aedes mosquitoes contribute to breeding place. All of predictors had
positive impact on DHF patients. In the other words, DHF patients would be expected to increase as all of
them increase. The possible of DHF patient’s prediction occurred, when you can estimate the number of
positive containers, the number of Aedes larvae in the positive containers, temperature and pH of water in
positive containers. Opened water-filled containers (animal pans, earthen jars, wastewater boxes fridge)
provided breeding sites for Ae.aegypti mosquitoes. All of them were found around the houses during the
survey. This result was corresponded with the studies of Koopam et al. [24]. Khera and Sharma [25] and
Bhandari et al. [26], indicated that uncovered water containers and pitchers were significantly associated
with dengue infection. The number of Aedes larvae in wastewater boxes fridge displayed the association
with DHF patients. It reflected some cultural practices of the people in this area. Our results from this work
seemed to support with the study of Barrera et al. [27] which reported that mosquito productivity was
associated with ornamental containers, miscellaneous containers, metal drums, tires and animal pans.
The number of Aedes larvae showed the entomological risk because adult Aedes larvae abundance was
correlated with diagnosed dengue cases [28]. Temperature of water in earthen jars and metal boxes
associated with DHF patients in this study. The result corresponded with a research of Wongkoon et al.
[18] and Lester et al. [29]. They founded that the mean temperatures, container surface area and water
depth influenced the population dynamics of the mosquito and the transmission of dengue disease. As
the mean temperature increased, the DHF case also increased. It was possible that most of the

physiological functions of vectors in this area were subject to optimal mean temperature.

Opened water-filled containers and number of Aedes larvae, temperature of water in earthen jar
and metal boxes displayed the association with DHF patients in Kreang sub district. If we can estimate
the number of Aedes positive containers or Aedes larvae, we can predict the DHF patients each
household. Provincial Health Office may have to design a campaign for DHF prevention more specifically
in each locality. Moreover, Aedes mosquitoes breed both inside and outside residential areas. To control
these activities and mosquitoes, the elimination of natural and artificial containers or remodeling of those

breeding sites should be taken into contemplation.
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Conclusion

This study was a process that allowed the teachers, students and community members took part
through activities, including community participation. It focused on community learning through
participation in order to strengthen the community’s capability in planning, carrying out, monitoring and
evaluating the project from start to finish by adaptive management approach. Cognitive activity and all
activities with students, teachers and public education in the district were returned to the community to
participate in joint activities dialogue and knowledge sharing. The debate for comments and suggestions
on the implementation and results of operations was to ascertain the facts in the community with the
findings and conclusions together. The results of the exchange of learning and knowledge on a variety of
mosquito showed explicitly that mosquitoes variations observed in different villages might be as a result
of differences in physic-chemical and environmental factors. As combination of factors such as pH and
temperature contribute to the increasing abundance of mosquitoes in the breeding places. The
occurrence of Aedes, Culex and Mansonia were suggestive of the prevalence of vector borne diseases
such as malaria, yellow fever, dengue fever and filariasis in the area. Therefore precise vector control
programs and public enlightenment especially on human activities that encourage mosquito breeding

were recommended.
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Increasing of sperm viability of Thai medicinal plant recipes from “Pet Nam Eak”

Thai traditional medicinal book for male infertility

Korawinwich Boonpisuttinant,“ Orathai Sarakul,1 Yupa Khongprik1 And Usa Sodamook'

Abstract

Five Thai medicinal plant recipes (INFO1, INFO2, INFO3, INFO4 andINF05) indicated for analeptic and restorative
from “Phet Nam Eak”, a Thai medicinal plant recipes Book were collected and extracted following the instruction of the
recipes. It was found that the yields of the recipe extracts were ranged from 31.9 to 46.5%, respectively. For phytochemical
analysissuch as alkaloids, saponins, flavonoids, anthocyanins, glycosides and tannins, all extracts composed tannins and
xanthones. In addition, the INFO2 extract demonstrated the highest free radical scavenging activity with SC,; of 0.63 + 0.02
mg/ml. For sperm viability test by Rezasurin assay, the INFO4 extract exhibited the highest sperm viability of about 20% at 1
hr. Therefore, the INFO4 extract which contained Cyperusrotundus L., Boesenbergia rotunda (L.) Manf.andStreblus
asperlLour. etc, has a potential to further develop as a natural product for male infertility.

Keywords :Thai medicinal plant recipe, Phytochemicals, Free radical scavenging, Sperm viability

Introduction

In recent years, several studies have demonstrated a worldwide decreasing trend of male fertility,
especially in developed countries (Shenaet al., 2000). Male infertility is the inability of a couple to achieve
a pregnancy with unprotected intercourse. There are many factors that can lead to male infertility such
assexual problems, poor timing of intercourse, medical conditions, prior surgery, infections, exposure to
chemicals, genetic diseases, infection, hormones andcancer treatment. Sperm defects and dysfunction
are discovered from one of the significant developments of reactive oxygen species (ROS) and oxidative
stress that candamage the sperm membrane, decreasing sperm motility and its ability to fuse with the
oocyte, and alter the sperm DNA, resulting in the passage of defective paternal DNA on to the conceptus
(Tremellen, 2008). The resuting lead tothe commonest defined cause of infertility (24%) and led to a poor
chance of pregnancy (0-27%) without donor insemination (Hull et al., 1985; Shenaet al., 2000).

Natural products are one of the most successful sources of pharmacologically active compounds
for male infertility treatment due to the evidences of long traditional use for many generations in many
countries especially in China. Wei-naet al (2008) reported that the traditional Chinese medicine,
Shengjingsan Recipe (SJSR) significantly increased the sperm motion velocity (VAP,VCL,VSL)the
amplitude of lateral head movement(ALH), the beat frequency of flagellum(BCF), and stimulated sperm
binding zona pellucida( p < 0.05).The Shouwu-Huanjing Recipe (SWHJR) significantly increased the
sperm motion velocity (VAP, VCL, VSL), the amplitude of lateral head movement (ALH) and the beat
frequency of flagellum(BCF), the density of progressive motility sperms (p < 0.05), the acrosome reaction
rate (p< 0.001); and the fertilization rate(FR) and the fertilization index (FI) in sperm penetration
assay(SPA) test(p< 0.01) by dose-dependent manner (Zenget al., 2003). In Thailand, there is also a lot of

medicinal recipes in many regions with its own folklore wisdoms for treatment of male infertility.
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Only the effective recipes were recorded in mulberry pulp paper, palm leaves or Streblus asper,
Loir papers. “Pet Nam Eak” Thai traditional medicinal book(ISSBN: 9748265714 )contains a large number
of medicinal recipes in Thailand for treating of several diseases and symptoms such as cancer,
hypertension, diabetes, fever, pain, wound and abscess including male infertility. Thus, this book is a
convenient source for searching and ranking of the potential recipes and medicinal plants for further
studies on male infertility, low cost, and practicality of application. However, the partial pharmacologic
actions of the traditional Thai medicine in the “Pet Nam Eak” bookfor male infertility are still unclear or
undiscovered. This present study, the increasing of sperm viability of Thai medicinal plant recipes from
“Pet Nam Eak” Thai traditional medicinal book for male infertilitywas investigated to evaluatefor their

potential to develop as a natural product for male infertility patients.

Materials and Methods
Collection, preparation and extraction of the medicinal recipes
The fivemedicinal recipes (INFO1, INFO2, INFO3, INFO4 andINF05) were collected from the “Pet Nam Eak”
Thai traditional medicinal book which indicating for improvement of male infertility (Table 1).
The medicinal plants in those recipes were authenticatedby a botanist at Thai Traditional Medicine

College (TMC), Rajamangala University of Technology Thanyaburi (RMUTT), Thailand during June -

November, 2013. All medicinal plantswere died at 60°C, ground to powder and kept at dry place. The

ratio of the plant powder wereprepared and extracted following the direction. Briefly, the mixed

powderwasboiled with the controlled temperature at 85-90°C for 1 hr. The extract was filtered through

Whatman no.1 filter paper connected with a vacuum pump. The filtrates were concentrated by a rotary

evaporator (R-205, Buchi, England) at 40°C and 80 psi, and then lyophilized by a freeze dryer. The dried
extracts were kept in an amber vial until use. The percentage yields were calculated on the dry weight
basis.

Phytochemical analysis

Phytochemicals contents in the INF extracts such as alkaloids, saponins, flavonoids, anthocyanins,
glycosides and tannins, were investigated. Phytochemical tests of the extracts were assayed as
previously described (Boonpisuttinantet al., 2014).

Free radical scavenging activity by DPPH assay

Free radical scavenging activity of the INF extracts was determined by DPPH assay as previously
described (Manosroiet al., 2012). Briefly, 50 ul of the samples at the various concentrations and 50 pl of
DPPH (Sigma-Aldrich, USA) solution (0.5 mg/ml in ethanol) were put into each well of a 96-well
microplate. The absorbances were measured by a microplate reader at 515 nm after 30 min of the
reaction at 25°C. Vitamin C (Sigma-Aldrich, USA) was used as a standard. The percentages of the DPPH

radical scavenging activity were calculated as the following:

197



Proceedings of The 5" Rajamangala University of Technology International Conference

Science and Technology

% Scavenging = [(A,- A)/A] x 100
Where, A, was the absorbance of the control and A, was the absorbance of the treated sample. The
concentrations providing 50% scavenging (SC,,) were calculated from the graph plotted between the
free radical scavenging percentages and the sample concentrations.
Semen collection
Nine healthy fertile men with the age range of 30 years old were recruited as donorsbetween December,
2013 — February, 2014. Semen samples were collected by masturbation in sterile glass cups after 3to 5 d
of abstinence and analyzed on-site within 1 h for both macroscopic and microscopic characteristics. All
samples were allowed to liquefy for at least 30 min. This study was was carried out according to
WHOstandards, and approved by the Ethical Committees of the Sanpathong Hospital, Thailand.
Sperm viability by resazurinassay
Sperm viability from donorsafter treatment with the INF extracts was investigated by resazurinassay with
some modifications (Glasset al., 1991). Briefly, 20 ul of the semen (20 x 10° cell/ml), 150 ul of Tris buffer
(pH 7.5) and20 pl of the samples at the various concentrations (0.1, 1.0 and 10 mg/ml) were put into each
well of a 96-well microplate.Then,10 ul of resazurin dye (Invitrogen, USA)was immediately added. After
incubation at 37°C for 60 min,the absorbances were measured by a microplate reader at 515 nm.
Distilled water was used as control. The percentage of sperm viability was calculated by comparison to
100% viability of control.
Statistical analysis
The results were presented as the mean + SD of three independent experiments (n = 3). ANOVA was

used for the analysis of the test results (LSD test) at the significance level of p-value <0.05.

Results and Discussion
The yields and characteristics of theINF extracts
The medicinal plant recipes (INFO1, INFO2, INF 03, INFO4 and INFO5) from “Pet Nam Eak” Thai traditional
medicinal book, have been treated to improve male infertilityin Thailand long times ago. The yields and
characteristics of the INF extracts were showed in Table 1. The yields of the INF extracts by boiling with
distilled water were ranged of 31.9 to 46.5%. The best yield (46.5%) was found in the INFO3 extract.
Phytochemical contents and free radical scavenging activity of the INF extracts
Table 2 showed the phytochemicals and free radical scavenging activity of the INF extracts.It was found
that all extracts represented tannins and xanthones, whereas INFO2 and INFO3 extracts showed
flavonoids and glycosides (deoxysugar). Phytochemicals found in the extracts depend on kinds of plants,
solvent and; temperature and time used in the extraction process (Manosroiet al., 2012). The presence of
these phytochemicals might affect with several biological activity of the extracts including anti-oxidation

and sperm viability.
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The free radical scavenging by DPPH assay of the INF extracts were represented in the SC,;
values (mg/ml). All extracts gave the free radical scavenging activity by DPPH assay (Table 2). The SC,,
values of the extracts were 6.33 + 0.03, 0.63 + 0.02, 19.31 + 558, 6.81 + 1.70 and 9.27 + 3.96mg/ml,
respectively.The lower SC50 value means higher free radical savenging activity. The INFO02 extract
exhibited the highest free radical scavenging activity, but it was lower than that of vitamin C of 9 folds
(p<0.05). It has been reported that xanthones, flavonoids, tannins and glycosides, is an antioxidant which
is the same with vitamin C (Khanet al., 2006; Kondo et al., 2009; Piettaet al, 2000; Pujimulyaniet al.,
2012;Zulkifliet al., 2012). Thus, the INFO2 extract which showed the highest free radical activity might be
due to the synergistic effect of these phytochemicals.

Sperm viabilityimprovement of the INF extracts

Resazurin  (7-hydroxy-3H-phenoxazin-3-one 10-oxide) is a redox dye used as an indicator of
dehydrogenaseactivity. The diaphorase enzyme transfers electrons such as NADH+ which from
themetabolic processes of glycolysis and the citric acidcycle in sperm, tothe resazurin dye, which
becomes reduced toresorufin and then to dihydroresorufin and manifestsas a visual colour change from
blue to pink andthen to white (Zulkifliet al., 2005).Figure 2showed that the percentage (%) of Sperm
viability after treatment with the INF extracts. All extracts showed no cytotoxicity on human sperm when
compared with the control (p< 0.05). In addition, the INFO4 extract at all concentrations (0.1and 10
mg/ml) demonstrated the highest sperm viability after treatment for 1 hr (p< 0.05).lt has been previous
reported that the single plantextract,Boesenbergia rotunda (L.) can improve the movement of spermsand
enhanced the number of normal sperms at all doses in the mature rats(Yotarlaiet al., 2011).This might be
due to the synergistic effect of the plant compositions and phytochemical constituents especially the
INFO4 extract.

Conclusion

In this study, we have carried out an investigationto evaluate the improvement of sperm viability of the
crude extract from medicinal recipes from “Pet Nam Eak” Thai traditional medicinal book. It has been
suggestedthat the INFO4 extracts exhibited the fair free radical scavenging, and the highest sperm
viability of about 20% for 1 hr when compared with the control, which has a potential to further develop as

a natural product for male infertility.
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Table 1Medicinal plant compositions in the five INF recipes collected from the “Pet Nam Eak” Thai traditional

medicinal book

Table 1Medicinal plant compositions in the five INF recipes collected from the "Pet Nam Eak" Thai traditional medicinal book

El

Recipes Medicinal plants Farts used Amount used according to the instruction in the YaYields Characteristics
recipes

INFO1 Tinosporacrisps (L)Miels ex Hook T8 Stem Equal amount of each plant 348 Sticky
Thomsaon Brown-black
Piper garmentosumBaxh. Root Specific odor
Selsnumindicum L. Root
Selsnumacyleatissimum Jacg: Roo
Plumbagoindica L. Roo

INFO2Z | Anaxegorsaluzonensish Gray Wood Equal amount of each plant 427 Sticky
Elephantopusscaberl_ Wood Desephy Brown
Msllotusrepandus (Wil )Musll. Arg. Waood R
Zingiberofficinale Roscoe. Rhizome
Glycyrhizaglabral.. Rhizome
Aegle mammelos(L ) Corea exRoxb. Fruit
Diospyrosthodealn Kurz Woo
Ficusfoveolsts\Wall. Wood
CyperusmotundusLinn. Rhizome

\'bizisprocers(Poxb ) Benth Bark

Tinosporacrisng (L)Miers ex Hookf & Stem
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Thomson
Piper pigrum L. Fruit
Acanthus gbracteatud/ah. Stem
Derris scandensBenth. Stem
Crypiolepisbuchananfoem &Schult Stem
Boesenbergia rotunds (L jMansf Rhizome

INFO3 | Gyoersrotundusl. Rhizome Equal amount of each plant 46.5 Powder
Pivernigrum L. Fruit Brown
Boesenbergia rotunds (L JMansf Rhizome y o
Tinosporacrisps (L.)Miers ex Hopkfa Stem
Thomson
Aegle marmelos(L.) Comrea exRoxb. Fruit
Acanthus sbractestudyan Stem

INFO4 | CyperusrotundusL. Rhizome Equal amount of each plant 32 Powder
Fiper pigrum L. Fruit Brown-black
Tinosporacrispa (LIMiers ex Hookf& Stem Specific odor
Thomson
Diospyrosthodealyx KUz Wood
Abizianrocers (Roxh | Banth Bark
Streblus ssperlour. Seed
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Boesenbergia rotunds (L) Mansf Rhizame
INFOS | CyperusrofundlusL. Rhizome Equal amount of each plant 38 Sticky
Curcums zednarisZberg ROSCO Rhizome Deeply Brown
Cleome viscose L. Leave Specific odor
TnbuluscistoidesL. Wao
Anaxagorealuzonensish Gray Wood
Table 2 Phytochemical contents and fres radical scavenging of the INF extracts
Phytochemical contents Free radical scavenging
Extracts activity
Alkalaids Xanthones Flavonoids Anthragquinones Glycosides Tanning
(SC,,, mylml)
INFO1 . % . - . + §.33:003
INFO2 7 % - o 13 2] 063 £002°
INFO3 i * % 5 * ad 19.31£558°
INFO4 - * - - - i 8811707
INFO5 i %, 7 : % 1 827+396°
Vitamin C 0.07 £001°

Note: The symbals-was negative test; and +was positive test. Superscriptletters (2, b and ¢} in the columns indicate significant differences (p < 0.05).
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Figure legends

R
WHWATIY 2

Figure 1“Pet Nam Eak” Thai traditional medicinal book
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Figure 2The percentage (%) of Sperm viability after treatment with the INF extracts. Superscript letters (a, b

and c) in the columns indicate significant differences at p < 0.05.

205



Proceedings of The 5" Rajamangala University of Technology International Conference

Science and Technology

Awareness and Behavior on Mobile Phone Hazardous Waste Management

: A Case Study among Youth in Bangkok Metropolitan

Prayuth Suwansri’ And Radchanee Piwthong2

Abstract

The purposes of this research were to examine the students’ Awareness and Behavior on Mobile Phone Hazardous Waste
Management(ABMPWM) comparative studies of dependent variables among the levels of independent variables and their
Corresponding correlation’s between their exposure to information and ABMPWM and to vyield the appropriate means for managing
mobile phone waste. The survey research using self-administered questionnaires was conducted on 450 random samples from
264,027 students with study standing at junior and senior high school in Bangkok. The analytical statistical methods used were
percentage, mode, mean, S.D. (Standard Deviation), T-Test, F-Test, One-way ANOVA Analysis, Correlation Analysis and Regression
Analysis & Prediction Model.

The level of the Awareness on Mobile Phone Hazardous Waste Management index (AMPHWM index) was high. The
AMPHWM index of men was higher than women and significance difference (p<.05). The group of 13-14years of age had
AMPHWM index at the highest level. The samples of junior high school students had higher AMPHWMindex than the group of
senior high school students. The group of students who bought the mobile phone themselves had higher AMPHWM index than the
others. The group of students belonging the mobile phone with 15,000 baht had higher AMPHWM index than the low price. The
group of students paying service charge monthly about 301-500 had higher AMPHWM index than the group paying more or less.
The group of exposure to information had higher AMPHWM than no exposure to information group. Most of students received
information from T.V.. The Awareness on Management of Mobile Phone Waste of the group of exposure to information and the
group did not expose to information had correlation to the Behavior on Management of Mobile Phone Waste. The level of the
Behavior on Mobile Phone Hazardous Waste Management index (BMPHWM index) was average. The BMPHWM index of men was
higher than women. The group of 13-14 years of age had higher than the others. The samples of junior high school students had
higher BMPHWM index than the group of senior high school students. The group of students who bought the mobile phone
themselves had higher BMPHWM index than the others. The group of students belonging the mobile phone with more 8,001-
15,000 baht had higher BMPHWM index than the lower and higher price. The group of students paying service charge monthly
about 301-500 had higher BMPHWM than the group paying more or less. The group of exposure to information had higher
BMPHWM index than no exposure to information group. The group of students received information from internet or electric media
had higher BMPHWM index than the group students who received the information from the others.

Keyword : Hazardous Waste, Awareness, Behavior.
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Introduction

The current situations ofMobile Phone Hazardous Waste Management were of critical problems.
The waste amount is quite rapidly escalated. The trash was disposed with full neglecting in conjunction
with other non-toxic waste. When these wastes were separated and eradicated in usual manner (e.g.
Landfill or Burning and etc.), the heavy and toxic metals were still leaking and well spread all over.The
consequences of these hazardous contaminations would yield vital effects on human and living creature
health. As the sequel, it was quite necessity for all of the mobile phone users (especially the youth which
is the majority group) should payfull attention to overcome these problem via proper introducing of the
“Mobile Phone Hazardous Waste Management Action Program”. These were the reasons and

justification standing behind this valuable research.

Objectives

The main objectives of this study were listed as :

1. To study the “Awareness’s” and “Personal Behavior’in Mobile Phone Hazardous Waste
Management,Among the youth residing in Bangkok Metropolitan (A Comparative Study between the
independentVariables of various levels),

2. To study the Relationship (Cause and Consequences) between “Personal Behavior” in Mobile
Phone Hazardous Waste Management, with all other precedent factors (variables), and

3.To seek and appropriate proposes the effective strategic actions (combined options) for

overcoming the Mobile Phone HazardousWaste Management, (among the youth in Bangkok Metropolitan).

Methodology
This action study is categorized as “A Survey Research” for which the sampling survey was adopted
to be the information collection procedures. The field operation was employed by an appropriate question
form for data collecting. The proper sample size for the survey was 450 youth from Bangkok Metropolitan.
Those samples were randomly selected from the universal population of all high school students attached
with the Office of Compulsory Education, (Bangkok Metropolitan) — Ministry of Education. The global size

of population was 264,027 students.
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The data and information management was processed and statistically analyzed with the auspices and
privileges of software SPSS/FW. The obtained results and findings were proposed in to three portions, e.g. (1) the
preliminary profiles of the respondents, (2) the comparative results of all dependent variables by their
corresponding independent variables. The essential statistical tests were also induced by employing T-test, F-
test and the Analysis of Variance — ANOVA. And (3) The relational or effect and causal analysis were finally
applied with the statistical capabilities of the conservative Multi-Varieties Statistical Features. They were, the
Simple Correlation Analysis, the

Multiple Correlation Analysis, and the Regression Analysis & Prediction Modeling.

.The Summarized Results

The research results were summarized and presented in all effects of “Key Indicators or “Indices”. They
were comprised into six global indices, e.g.

(1) Index of Knowledge and Understanding on “Mobile Phone Hazardous Waste Management”

(2) Index of Awareness’s on “Mobile Phone
Hazardous Waste Management”

(3) Index of Personal Behavior on
“Procession and Utilization of Mobile Phones”

(4) Index of Personal Behavior on “Mobile Phone Hazardous Waste Management”

(5) Index of Attitude and Perception on “Procession and Utilization of Mobile Phones”

(6) Index of Attitude and Perception on “Mobile Phone Hazardous Waste Management”

The essential results were presented in condensed manner in the tabulation format for 7 tables. These were
to communicate at the full and complete pictures in the comparative features of all six “ Key Indicators” above.
The five independent variables were selected to be involved in this presentation : “Informational Status” [two
groups], “Age-Groups” [three levels], “Gender” [two levels], “Education” [two levels], and “Monthly Expenditure

Spending” [three levels]. The results were proposed in Table 1 through Table 4.

Table 1 had expressed and logical confirmed that all of the respondents who belong to the “Informing”
Group had shown HIGHER values of all six indices than those of the “Non-Informing” Group across the board at
some significant levels. This had re-iterated that the exposing to information on “Mobile Phone HazardousWaste
Management”do have direct effects on the key indices of the study. This evidence would suggest that the input

of spreading of the proper knowledge andthe disseminating of information pertainingto the proper

208



Proceedings of The 5" Rajamangala University of Technology International Conference

Science and Technology

“HazardousWaste Management” are highly advisable among the teenagers (residing in Bangkok Metropolitan

Area — and hopefully in the other areas also, as well).

Table 2 had yielded comparable figures of these indices among the different age-groups of the teenager
respondents. However, the younger groups may tend to have slightly higher index values for the first five indices
and the sixth index had shown compatibility values at the three age-groups. The explanation would be that the
elder teenagers could pay more attention and much care for on other interested engagements other than the

environmental matters of environmental issues, especially, the “Mobile Phone HazardousWaste Management”

concerns.

Table 1The average values of “Study Indicators”, the comparison between the two groups of

“Non-Informing” vs. “Informing” onMobile Phone Hazardous Waste Management.

Informational Status

The Key Indices Total
Non-informing Informing
1. Index of Knowledge and Understanding on
“Mobile 75.454 78.488 76.98
Phone Hazardous Waste Management”
2. Index of Awareness’s on “Mobile Phone Hazardous
76.150 78.009 77.08
Waste Management”
3. Index of Personal Behavior on “Procession
58.232 59.938 59.09
and Utilization of Mobile Phones”
4. Index of Personal Behavior on “Mobile Phone
59.777 60.280 60.03
HazardousWaste Management”
5. Index of Attitude and Perception on “Procession
75.268 76.217 75.74
And Utilization of Mobile Phones”
6. Index of Attitude and Perception on “Mobile Phone
HazardousWaste Management” 75.873 76.863 76.37

209




Proceedings of The 5" Rajamangala University of Technology International Conference

Science and Technology

Table 2 The comparison of average values of “Study Indicators” among the three age-groups of respondents,

e.g. “13-14 yrs.”, “15-16 yrs.” and “17-18 yrs.”.

Age-Groups
The Key Indices
13-14 yrs. 15-16 yrs. 17— 18 yrs.
1. Index of Knowledge and Understanding on “Mobile
79.847 76.575 76.279
Phone Hazardous Waste Management”
2. Index of Awareness’s on “Mobile Phone Hazardous
77.895 76.884 76.941
Waste Management”
3. Index of Personal Behavior on “Procession
60.790 58.761 58.728
and Utilization of Mobile Phones”
4. Index of Personal Behavior on “Mobile Phone
60.965 60.422 59.466
HazardousWaste Management”
5. Index of Attitude and Perception on “Procession
77.500 74.760 75.790
And Utilization of Mobile Phones”
6. Index of Attitude and Perception on “Mobile Phone
HazardousWaste Management” 76.754 75.586 76.745

Table 3 had shown the figures of all six indices among the “Males” gender well dominate over those of the
“Females” respondents quite significantly. This would suggest that those males were well cared or more seriously
attention to the natural environment than the female teenagers. Furthermore, if any promotional input were to
gear into the system, the male teenagers should be put in front lineswith a higher priority. Also, on the other side
of the coin, one should accelerate in motivation with the environmental cares into the females, at least on the

conceptual planning stages.

Likewise the younger teenagers, the “Secondary Education” group tend to bear higher index results than
those of the higher education group, i.e. “the High School”. This would also imply that the younger group (Lower
Education Group) were well aware (at high significant level) of the forth coming critical issues of “Environmental

Hazard”, especially caused by the “Mobile Phones”. Detailed description was fully shown on Table 3 also.
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Table3 The comparison of average values of “Study Indicators” between the two groups of gender, “Male”

vs. “Female”

Gender Education
The Key Indices Secondar High
Male Female
y School

1. Index of Knowledge and Understanding on
78.001 75.898 80.028 75.894
“Mobile Phone Hazardous Waste Management”

2. Index of Awareness’s on “Mobile Phone
78.593 75.491 78.411 76.611
Hazardous WasteManagement”

3. Index of Personal Behavior on
59.238 58.932 60.390 58.627
“Procession and Utilization of Mobile Phones”

4. Index of Personal Behavior on
60.736 59.285 61.130 59.639
“Mobile Phone Hazardous Waste Management”

5. Index of Attitude and Perception on
76.557 74.886 76.950 75.316
“Procession and Utilization of Mobile Phones”

6. Index of Attitude and Perception on
77.537 75.140 77.533 75.957
“Mobile Phone Hazardous Waste Management”

Table 4 The comparison of average values of “Study Key Indicators” among the three groups of

monthly spending on Mobile Phone Charges.

Average Expenses spending on
Mobile Phone Monthly Charges
The Key Indices
Not exceed 301-500 501 baht
300 baht baht or over
1. Index of Knowledge and Understanding on “Mobile
76.863 77.599 76.500
Phone Hazardous Waste Management”
2. Index of Awareness’s on “Mobile Phone Hazardous
75.559 78.007 77.860
Waste Management”
3. Index of Personal Behavior on “Procession
59.528 58.629 59.050
and Utilization of Mobile Phones”
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4. Index of Personal Behavior on “Mobile Phone
60.280 60.326 59.460
HazardousWaste Management”
5. Index of Attitude and Perception on “Procession
74.100 76.259 77.050
And Utilization of Mobile Phones”
6. Index of Attitude and Perception on “Mobile Phone
HazardousWaste Management” 75.859 76.814 76.500

The last story of this study were concerning of “Level of Monthly Expenditures” that teenagers had spent on
the uses of Mobile Phones. The figures had shown that there were comparable results (not significant different)
for the four indices, namely, (1) Knowledge, (3) Behavior on Procession of the Phones, (4) Behavior on the Waste
Management and (6) Attitudinal and Perception on “Mobile Phone HazardousWaste Management”. Whereas the
other two categories of index, had indicated that those teenagers with higher monthly spender stakes, would pay
more attention to the current hazardous situation at some significant features. That was, the rest of the indices are
: (2) the Awareness, (5) Attitudinal and Perception on “Procession and Utilization of Mobile Phones”. This would

imply that the more they had spent the higher intention on care and aware are evitable consequences. The

complete and full results were shown on Table 4, above.

Table 5 The frequency and percentage distribution of respondents classified by “Sources of

Information” on“Mobile Phone Hazardous Waste Management” that they had indicated

of being exposed to.

Percentag
Sources of Information | Number Pie Chart Displaying
e
Radio Broadcasting 4 1.77 Percentage of Sources of Information
; . o 1% o
Conference/Seminar 3 1.33 1% 2% | 2% 5, = Radio Broadcasting
Television Media 99 43.80
B Conference/Seminar
Internet or
109 48.23 48% . .
Electronically Media # Television Media
Publication Media 3 1.33 H Internet or
Electronically Media
Retailer or Kiosk 5 2.21
Mobile Phone Center 3 1.33
Total 226 100.00
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Table 6 The frequency and percentage distribution of respondents classified by their “Means for obtaining

ofMobile Phones in Procession”.

Percentag
Means of Procession Number Pie Chart Displaying
e
Self Support Funding 78 17.33 Percentage for means of Mobile Phones in Procession
Lending from Guardian 26 578 e 067 = Self Support Funding
Parents’ Contribution 318 70.67 4.22% ® Lending from
5.78% Guardian o

Lending from friends 19 4.22 = Parents” Contribution

B Lending from friends
Fiends’ Courtesy 6 1.33 o

®Fiends’ Courtesy
Gift or Prize Winning 3 0.67 10.67% # Gift or Prize Winning

Total 450 100.00

Table 5 and Table 6 displayed both in tabular form and Pie Charts. The summarized statistical profile of
two Key Variables was tabulated to cover both the frequencies and their respective percentage distributions. The
sources of information were in Table 5. The information on “Mobile Phone Hazardous Waste Management” were
referred by 226 out of 450 respondents from the survey. The main information sources that had had referred to
were “Internet or Electronically Media” at 109 respondents or 48.23 %, and “Television Media” at 99 respondents
or as much as 43.80 %, respectively. The other sources of information were rarely mentioned, there were five
varieties of sources, e.g. Radio Broadcasting, Conference/Seminar /Meeting, Publication Media, Retailer or Kiosk,

and Mobile Phone (Sales & Services) Center. All five sources combined to only 18 counts out of 226, or only less than

8 %.

The “Means for Obtaining Mobile Phones in Procession” among 450 respondents were majorly distributed

on the three alternates.They were: Parents Contribution, Self -Support, and by Lending from Guardian at 70.67 %,

17.33 %, and 5.78 %, respectively. The global detail was supplemented and posted on the Table 6.
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Table 7 Displaying of the Correlation Coefficients between the Indices (Six Key Dependent

Variables) and the two Targeted Indices.

Targeted Indices
The Key Indices Awareness on Personal Behavior
MPHWM on MPHWM
1. Index of Knowledge and Understanding on “Mobile
0.251 0.075
Phone Hazardous Waste Management”
2. Index of Awareness’s on “Mobile Phone Hazardous
N/A 0.329
Waste Management”
3. Index of Personal Behavior on “Procession
0.145 0.257
And Utilization of Mobile Phones”
4. Index of Personal Behavior on “Mobile Phone
0.294 N/A
HazardousWaste Management”
5. Index of Attitude and Perception on “Procession
0.628 0.264
And Utilization of Mobile Phones”
6. Index of Attitude and Perception on “Mobile Phone
0.758 0.328
HazardousWaste Management”

The last Table presented here, was Table 7. This Table gave quite quantifiable and understandable
amount of figures, sufficed for the directional and promising trend of the MPHWM program. This table shownthe
relational facts among the six key indices with the two targeted indices. However, these numerical figures would

embroil the confirmation of legitimate current situations.

Besides these two packages of condensed information, one may expose via the results of statistical
analysis in managing of the techniques of Regression Analysis and the Prediction Equation approaches. The end
analytical results were display into two equations. They were Equation 1 (the group of respondents whom had
been informed with the Hazardous Waste Management Information) and Equation 2 (among the respondent

without exposed to the Hazardous Waste Management matters).
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! [Index Value of Personal Behavior on “Mobile Phone Hazardous Waste Management”] =42.913 + \
1 + 0.006*[Index Value on Knowledge and Understanding] '
X +0.228* [Index Value on Awareness of Hazardous Waste Management] 1

1
| :
1

(Equation #1)

i [Index Value of Personal Behavior on “Mobile Phone Hazardous Waste Management”] = 32.898 + '
! + 0.089*[Index Value on Knowledge and Understanding] 1
| + 0.264* [Index Value on Awareness of Hazardous Waste Management] '
| |
1 1
1 1

(Equation #2)

Conclusion

The conclusive findings were highlighted and proposed into four main issues, they were,

(1) The youth of Bangkok Metropolitan were well perceived in the “Awareness of Mobile Phone Hazardous
Waste Management”. The indicated figure had confirmed the index of its category at 77.08,for which it had shown
the competency in the future development of the relevant program.

(2) Besides the said “Awareness Index”, the youth respondent had also released the perceived respective and
corresponding index values of other five categories at the acceptable high level as well. They values were climbing up
from 59.09 to77.08respectively.This atmospheric situationwould strongly support the forth coming program activities on
these crucial issues.

(3) The indication on effects of exposing to relevant information would escalate all of the six index values,
should give us valuable clues to design the essential contents of any future prominent program.

(4) This research would be of quite valuable to the promotion of physical program with expectation of proper
preservation of our environment. There will be three portions of concerns, they are :

4.1 There should have up to six bodies and components involve, e.g. (1) the youth who are  current mobile
phone users, (2) the family or the guardian of the related youth, (3) the educational institutes and their responding
communities, (4) the mobile phone retailers, (5) the mobile phone sale agents or the corresponding producers, and (6) the
other related public and private sectors.

4.2 There should arrange or organize the action program on awareness building throughthe existing

public mass media. Also, there should emphasize on implanting of public image and values on environmental
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preservation. In the final effect, the program should induce a “Social Sanction” measures for those who do abuse
or misbehave.
4.3 The promotion and formally support in conducting of related and further research programwould

be of strongly advised
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Antiviral properties of extracts from Abutilon indicium (Linn.) Sweet

Niramon Worasith1*And Bernard A Goodman2

ABSTRACT

Leaves of Abutilon indicum (Linn.) Sweet from Ratchaburi Province in the Central region of Thailand were extracted
by maceration and sonication using five solvent systems, water, 50%, 70%, 95% aqueous ethanol, and ethyl acetate. These
crude extracts were then each evaluated for in vitro activity against the herpes simplex virus type 1 (HSV-1) using the
green fluorescent protein (GFP) method. The 70% ethanol extract showed the strongest activity, and the minimum
concentration for anti-HSV-1 activity was 0.21 pg/ml. For comparison, the commercial product, acyclovir, required a
concentration of 5.0 pg/ml to achieve the same anti-HSV-1 activity. Anti-HSV-1 activities were also found in the 95% and
50% ethanol extracts, but were lower than that of the 70% ethanol extract. Cytotoxicity assays gave an IC,, value of 48.52
pl/ml for the 70% ethanol extract prepared by maceration and IC,, values of 18.81 pl/ml and 47.77 pl/ml for the 95% ethanol
extracts prepared by maceration and sonication, respectively. The results from this study demonstrate that extracts of the
leaves of the plant Abutilon indicium (Linn.) Sweet have good antiviral activity when tested against HSV-1, and at the same
time show negligible cytotoxicity. Thus, they demonstrate potential for the development of new and effective anti-herpes

virus agents.

Keywords: Antiviral activity, Anti-herpes simplex virus type 1, Abutilon indicum (Linn.) Sweet

Introduction

Viral diseases are a serious health problem for humans and mammals in general, and represent a
growing concern in the 21 century as improvements in the quality of life lead to decreases in the
incidences of diseases from other sources. Viruses reproduce inside the cells of their hosts, and infected
cells produce large numbers of copies of the original virus. Usually, viruses are eliminated by the
immune system, although in addition antiviral drugs have been developed to interfere with virus
replication, or to strengthen the immune system. However, there is growing evidence for the
development of resistance of various types of viruses to antiviral drugs that are currently in use (de
Clercq, 2004). Indeed, the relatively simple structure of virus particles means that their evolution is rapid
compared to other organisms, and as a result it is necessary to apply continuous efforts to identify and
develop new antiviral agents. In this respect there are two parallel strategies available, namely the
development of novel chemical pharmaceutical products, and the extraction and concentration of natural
products with antiviral activity. It is the latter strategy that is the subject of this paper. For this exploratory
project, the herpes simplex virus Type 1 was chosen for use as the test virus. It is a DNA virus, which

belongs to the family Herpes viridae, and is responsible for a variety of diseases with symptoms ranging
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from mild to severe, and on occasion life threatening (e.g. Snoeck, 2000, Fatahzadeh and Schwartz,
2007). Furthermore, it has been used recently by several research groups for investigating the antiviral
activity of various types of medicinal plant (e.g. Bag et al., 2012; Tan et al., 2013; Visintini Jaime et al.,
2013; Anjana et al., 2014). The medicinal plant evaluated in this study was Abutilon indicum (Linn.), a
member of the Abutilon species that has various uses in traditional medicines. For example, Abutilon
indicum has been reported to possess antioxidant (Srividya et al., 2012), anti-inflammatory (Rajurkar et
al., 2009), anti-arthritic (Vallabh et al., 2009), analgesic (Ahmed et al., 2000; Rajakaruna et al. 2002;
Khadabadi and Bhajipale, 2010), hepatoprotective (Porchezhian and Ansari, 2005), immunomodulatory
(Dashputre and Naikwade, 2010), and wound healing (Roshan et al., 2006) properties. Its ethnobotanical
uses reviewed by Kaushik et al. (2009) include treatments for leprosy, headaches, gonorrhea, snake
bites, and bladder infections. In addition, it has been used in the treatment of ulcers (Dashputre and
Naikwade, 2011) and diarrhoea (Chandrashekhar et al., 2004), and is claimed to be both an aphrodisiac
and laxative (Singh et al., 2002) as well as an effective mosquito larvicidal agent (Rahuman et al., 2008),
although as pointed out by Kaushik et al. (2009), there has until recently been very little effort to verify its
efficacy through scientific screening in animal models and clinical trials.

Materials and Methods

1. Source of materials

Abutilon indicum (Linn.) Sweet leaves were collected in Ratchaburi Province, Central Thailand. Fresh
leaves were washed and dried in air at room temperature. The dried leaves were then ground and

extracted by both maceration and sonication methods as described below.
2. Preparation of plant extracts
2.1 Maceration extraction method

Maceration was carried out using fifty grams of ground leaves soaked in 300 ml of one of the following
solvents: 50%, 70% or 95% aqueous ethanol or ethyl acetate for 72 hours at room temperature. In
addition, dried leaves were extracted with water using gentle heat at 60°C for 3 hours. The extracts were

collected and filtered through muslin cloth following by Whatman No.1 filter paper.
2.2 Sonication extraction method

Fifty gram samples of ground leaves were also extracted by sonication using the same solvents and
plant: solvent ratios as in the maceration method. Mixtures were placed in an ultrasonic bath at room
temperature for 30 min, and the extracts collected and filtered through muslin cloth followed by Whatman

No.1 filter paper.
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With both extraction methods, solvents were evaporated under reduced pressure at 40-45°C using a
Buchi rotary evaporator, and the concentrated extracts were kept in Amber-coloured bottles at 4°C until

subsequent investigation.
3. Testing cytotoxicity against a primate cell line (Vero)

The green fluorescent protein (GFP)-expressing Vero cell line was generated in-house by stably
transfecting the African green monkey kidney cell line (Vero, ATCC CCL-81), with pEGFP-N1 plasmid
(Clontech). The cell line was maintained at 37°C in a humidified incubator with 5% CO, and minimal
essential medium supplemented with 10% heat-inactivated fetal bovine serum, 2 mM L-glutamine, 1 mM

sodium pyruvate, 1.5 g/L sodium bicarbonate and 0.8 mg/ml geneticin.

The cytotoxicity experiment was performed by adding 45 pl of cell suspension at 3.3x10" cells/ml to each
well of 384-well plates containing 5 pl of test compounds previously diluted in 0.5% CO,. Fluorescence
signals were measured using a SpectraMax M5 multi-detection microplate reader (Molecular Devices,
USA) in the bottom reading mode with excitation and emission wavelengths of 485 and 535 nm. The
difference in the fluorescence signal between day 0 and day 4 was measured, and the cytotoxicity

percentage was calculated as
% Cytotoxicity = [1-(FU,/FU)]x 100

where FU; and FU, represent the fluorescence units of cells treated with test compound and untreated
cells, respectively. IC,, values were derived from dose-response curves, using 6 concentrations of 3-fold
serially diluted samples, by the SOFTMax Pro software (Molecular device). Ellipticine and 0.5% DMSO

were used as positive and negative controls, respectively.
4. Testing antiviral activity using herpes simplex virus type-1 (HSV-1)

Before performing the anti-viral assay, each crude extract was tested at a range of non-cytotoxic
concentrations to evaluate their cytotoxicity effects on host cells. For this test using green fluorescent
protein (GFP) detection, 10 ul of samples in 10% DMSO were added to 96-well plates, then 190 pl of GFP-
expressing Vero cell suspension at 1x10° cells/ml premixed with 5x10° PFU/mI of HSV-1(ATCC VR260)
inoculum were added to each well. The plates were incubated in a 37°C humidified incubator with 5%
CO, for 4 days. Differences between the fluorescence signals at day O and at day 4 were measured
using a SpectraMax M5 as described in the previous section, and the percentage of viral inhibition was

calculated using the following equation:

% viral inhibition = {1-[FU.-FU,)/( FU-FU,.)J} x 100
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where FU., FU, ;. and FU, . are average fluorescence units of non-infected cells, virus-infected cells
treated with A. indicum extract, and virus-infected cells untreated, respectively. Acyclovir and 0.5%

DMSO were used as positive and negative controls, respectively.

Results
Cytotoxicity test against primate cell lines (Vero)

In order to study the tolerance limits for these extracts, cytotoxicity assays were performed on Vero cells
using the green fluorescent protein (GFP) method. Concentrations of the various extracts required to
reduce the viability of cells by 50% (IC,;) were measured. Ellipticine and 0.5% DMSO were used as
positive and negative controls, respectively. The results show that there was no cytoxicity (IC,; >50 pl/ml)
in the water and 50% aqueous ethanol extracts, whereas the 70% aqueous ethanol, 95% ethanol and
ethyl acetate extracts were cytotoxic. The IC,, value for the 70% ethanol extract prepared by maceration
was 48.52 pl/ml, and for the 95% ethanol extracts, IC,, values were 18.81 pl/ml and 47.77 pl/ml for the
samples prepared by maceration and sonication, respectively; for the positive control, ellipticine, 1C

50

was 1.14 ul/ml (Table 1).

Table 1 IC,, values for the crude extracts of Abutilon indicum (Linn.) Sweet.

Crude extracts IC,, Cytotoxicity IC,
Maceration

Water (60°C) >50 pl/ml non-cytotoxic -
50% aqueous ethanol >50 pl/ml non-cytotoxic -
70% aqueous ethanol <50 pl/ml cytotoxic 48.52
95% ethanol <50 pl/ml cytotoxic 18.81
Ethyl acetate <50 pl/ml cytotoxic 16.43
Sonication

Water (room temperature) >50 pl/ml non-cytotoxic -
50% aqueous ethanol >50 pl/ml non-cytotoxic -
70% aqueous ethanol >50 pl/ml non-cytotoxic -
95% ethanol <50 pl/ml cytotoxic 47.77
Ethyl acetate <50 pl/ml cytotoxic 46.79
Ellipticine (positive control) <50 pl/ml cytotoxic 1.14
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Cell/DMSO (negative control) 0.5% DMSO - -

Anti-herpes simplex virus type-1 (HSV-1)

Inhibition of the herpes simplex virus type-1 by the various extracts was also evaluated by the green
fluorescent protein (GFP) method, using acyclovir 5 pg/ml and 0.5% DMSO as positive and negative
controls, respectively. The crude extracts of the A. indicum Sweet leaves all showed anti-HSV-1 activity,
and the minimum concentration of all crude extracts to reveal this activity was 0.21 pg/ml. In a
comparative study between extraction methods, it was found that all of the crude extracts prepared using

sonication had better anti-HSV-1 activity than those prepared by maceration.

The 70% ethanol extract showed the strongest activity, and the concentration for anti-HSV-1 activity was
0.21 pg/ml, much lower than the value of 5.0 pg/ml required for the commercial product, acyclovir, to
achieve the same level of anti HSV-1 activity. Anti-HSV-1 activity was also found in the 95% and 50%

ethanol extracts (Table 2).
Discussion

In the past few years there have been several reports describing antiviral properties of extracts of plant
species from various parts of the World (e.g. Miiller et al., 2007; Bag et al., 2012; Mukherjee et al., 2012;
Tan et al., 2013; Visintini Jaime et al., 2013; Anjana et al., 2014). Thus, these results suggest that such

natural products could form the basis for the preparation of new families of medicinal products.

Table 2 Herpes simplex virus inhibition (%) by crude extracts of Abutilon indicum Linn. Sweet at 0.21

pg/ml compared with 5 pg/ml acyclovir

crude extracts concentration (ug/ml) % inhibition
maceration sonication

Water 0.21 2.48 10.00
50% aqueous ethanol 0.21 8.16 14.02
70% aqueous ethanol 0.21 11.02 18.40
95% ethanol 0.21 9.06 16.29
Ethyl acetate 0.21 12.04 12.75
Acyclovir (positive control) 5.00 12.22
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There are, for example, several reports of medicinal properties associated with the leaves of A. indicum.
Thus A. indicum leaf extracts may have potential use in the management of diabetes milletus, since
Seetharam et al. (2000) found hypoglycemic activity in alcohol and water extracts, and Krisanapun et al.
(2009) have shown that an aqueous extract inhibits glucose absorption and stimulates insulin secretion in
rodents. These results are further supported by the work of Pant et al. (2013), who subsequently reported
O-amylase and Ol-glucosidase inhibitor activities in methanol extracts of pulverized A. indicum leaves.
Other examples of medicinal properties associated with extracts of A. indicum leaves include anti-
diarrhoeal activity (Chandrashekhar et al. 2004) and anti-ulcer activity of methanolic extracts (Dashputre
and Naikwade 2011), anti-inflammatory activity of various extracts (Rajurkar et al. 2009), and
immunomodulatory activity of aqueous and ethanolic extracts (Dashputre and Naikwade 2010). However,
to the best of our knowledge, the present work represents the first report of antiviral activity associated
with extracts of A. indicum, and is in contrast to results of Kumar et al. (2006), who found no evidence for

antimicrobial properties in extracts of the fruit, root or leaf of A. indicum.

The highest antiviral activity was found with the 70% ethanol extract, and considering the discussion in
the previous paragraph, it would appear that such extracts may possess a broad range of medicinal
properties that have not been fully evaluated. The Abutilon species are rich in potentially active
components such as alkaloids, flavonoids, steroids, terpenoids and saponins (Khadabadi. and Bhajipale
2010), and there are reports of steroids, sapogenins. carbohydrates and oavonoids (Lakshmayya et al
2003), sesquiterpene lactones, gallic acid, B—sitosterol, geraniol and caryophylline in A. indicum
(Pengelly 2004). The diversity in properties of A. indicum leaves is illustrated by the work of Lakshmayya
et al (2003) who observed that the aqueous extract was most potent in reducing blood glucose levels,
whereas petroleum ether and benzene extracts had good analgesic properties. Furthermore, the
flavonoid component may be responsible for immunostimulation (Dashputre and Naikwade 2010), since
A. indicum leaves can contain appreciable quantities of quercetin Rajalakshmi and Kalaiselvi Senthil
2009) and gallic acid (Pengelly 2004). Overall, it seems likely that different types of phytochemicals are
responsible for different pharmacological properties, and measurements to characterize the active
components in the most promising products from the current project will be the subject of future

investigations.
Conclusions

The results from this project demonstrated that extracts of the leaves of the plant Abutilon indicium (Linn.)
had antiviral activity when tested against the herpes simplex virus Type 1, and at the same time had

negligible cytotoxicity. The highest activity was observed with the 70% ethanol extract, and this is now
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being investigated in a new project for its antioxidant activity and polyphenol content along with other

active extracts.
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The development of products which made from Fiber-Herb paper

Nadda Angsuwotai“

ABSTRACT

This research is to study the process of making 7 fiber-herb paper which are lemon grass leaf, pineapple leaf,
vetiver grass, leaf sheaf of banana tree, bagasse, rind of dragon fruit and rind of mangosteen; and to test properties of the
paper and develop the products which made from the paper. The process of making papers from these 7 herbal plant fiber
was different in proportion, weight of herbal plants, concentration of caustic soda, quantity of water, and time for boiling
paper fibers. The properties of the papers were found that paper from the bagasse has toughness and damp which was
suitable for good paper product designing. The second, third, fourth were paper from leaf sheaf of banana tree, pineapple
leaf and vetiver grass. For the colors of the paper, the paper from the bagasse fiber, and the banana fiber were yellow and
black respectively, the others were light brown. We also found that the fiber of dragon fruit was clear thin film but fragile-
like. For the rinds of mangosteen, they could not be made papers because they were not joint. From this research, we
designed products from the papers and made boxes, bags, and envelops in original color of the paper. The paper didn’t
have their odors. In this way, we create value from the waste, increase the value from the agricultural product, generate
income to the farmers, and decrease the warm earth condition.

Key words : paper fiber, herb, product

Introduction

Wood has been a main raw material for making paper. Some parts of wood (such as leaves, barks,
part of stems, shells of fruits, twigs, and roots) are proceeded to become fibers which can be made
paper.[1][2] Mostly we use Eucalyptus which gives short fibers; however, long fibers are imported.
Tensile strength and tearing resistance of papers are the effort of proper proportions of short and long
fibers. Moreover, some materials are added for required properties of papers. This is a process of making
papers in industry for a large number of quantity; however, in home-made papers making, the process
are simple for making handcraft such as greeting card, wrapping paper, book marks, and artificial
flowers. Mostly, the raw material for making the home-made papers is paper mulberry. Nowadays, there
are a lot of methods to make paper from agricultural waste such as weeds and elephant excrement.
These raw materials are called non-wood fibers which can be made non-industrial papers, but the papers
will not be as strong as
the industrial ones. The raw materials which are usually used to make home-made paper are made from
rice straw, pineapple leaves, banana leave, bagasse, and palm leaves which are agricultural wastes.
Moreover, the raw materials from weeds are water hyacinth, lesser reedmace, and unwanted grasses.
Furthermore, people who love paper-making art still discover many other raw materials such as jicama
shell, pandanus leaves, selected leaves, vegetable leaves, useless parts of asparagus, and pomelo shell.
The leaves and leaf sheaves of banana can also be made paper.[3] We can think that paper making is
an art creation and it will be very valuable if we use the shell of fruits, which is left after eating fruits, to

make paper fiber and develop to create things from these papers.[4]

1Chemistw Division, Faculty of Science and Technology Rajamangala University of Technology Krungthep 10120

*Corresponding author. E-mail: woravith.c@rmutp.ac.th
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In the process of making paper, we may expect that the value of herbal plants will raise the quality of paper from
colors, odors, and chemical substances in herbal plants (such as mangosteen has antiseptic substances). Corrugated
paper has tensile strength and tearing resistance that can be made desks and chairs, but the design of paper product is
still limited. The study and experiment of making paper fibers from herbal plants will make money to community because
the raw material can be found in the community. Moreover, it promotes sufficient economy and it is environmental friendly
by using resources economically. This research is also developed to make paper by using scientific methods and local

wisdom to make models for further application.
Objective
1. study the process of making fiber-herb paper
2. study chemical and physical property of papers which are made from herbal fiber

3. develop paper product from fiber-herb paper

Materials

lemon pineapple vetiver leaf sheaf of b rind of rind of
grass leaf leaf grass banana tree agasse dragon fruit mangosteen

Figure 1 raw material of making paper from herbal plants

Methodology
The process of making paper in the research from 7 herbal plants which are lemon grass,vetiver
grass, bagasses, pineapple, dragon fruit, leaf sheaf of banana tree, and mangosteen step that are raw
material preparation, washing fiber and spreading fiber.[2][3] The paper is tested for tensile strength,
tearing resistance and dampness which are important properties in making paper products.[4] The
paper products; which are bag, envelope and boxes, are designed according to paper properties and
forms of the products.[5]
Beauty, utility and idea are concerned in designing the paper products. The conclusion of making
paper from 7 herbal plants, according to the proportion of factors of production, is shown in table 1.
Factors of Production
®  The weight of dried herbal plant (gram)
®  The weight of caustic soda (gram)
®  The approximate concentration (percentage of mass)
®  The Quantity of water in boiling (gram)
®  The proportion of the weight of herbal and the weight of water (weight/weight)

®  The time for boiling after the water is boiled over (hr.)
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Results

Table 1 The Proportion of the factors in making paper from 7 herbal Plants

Kinds of Herbal Plants / leaf
Making paper factors lemon vetiver | pineapple | bagass | sheaves of dragon mango-
grass grass leaves e banana fruits rinds steen
tree
Weigh of dried herbal plants 200 350 200 350 350 400 300
(gram)
Weight of caustic 90 350 200 350 350 40 150
Soda(gram) 3 10 10 10 10 2 5
Approximate concentration
Percent by mass)
Quantity of Water (gram) 3,000 3,500 2,000 3,500 3,500 2,000 3,000
Proportion of the weight of 1:15 1:10 1:10 1:10 1:10 1:5 1:10
herbal plant and the weight
of water (weigh by weight)
Time for boiling after the 2 3 3 2.5 2.5 0.5 2
water was boiled over (hour)

After boiling the paper fiber, the base will be washed out, the spread to be a paper sheet. The

paper was tested for tensile strength, tearing resistance, and dampness, as shown in table 2.

Table 2 The testing property of Fiber-Herb paper in Tensile strength Tearing resistance and

Dampness

The testing property of Fiber-Herb paper *

Type of Fiber-Herb Paper Tensile strength Tearing resistance Dampness
(N/15 mm.) (g.) (percent)
bagasse 49.82 343 12.3
leaf sheaves of banana tree 21.49 153 13.2
pineapple leaves 7.75 77.5 1.7
vetiver grass 4.88 52 12.5

* tested by Yuthanapong Daengpeng. Department of Science and Service.
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From the table, paper from bagasse has the highest tensile strength, the highest tearing resistance,
and low dampness. Therefore, it is suitable for making paper products. The next rank of suitable materials
for making paper products are papers from leaf sheaves of banana tree, pineapple leaf, and vetiver

grass, respectively.

L JRiseses S 3

lemon pineapple vetiver leaf sheaf of
grass leaf leaf grass banana tree bagasse
rind of
dragon fruit
Figure 2 The paper made from 6 herbal plant fiber
— —_—
&P &

Figure 3 The design of paper product from bagasse

Discussion
Bagasse is like hard wood, suitable for making paper fiber. Moreover, it is a good fiber, easy to dry
because it has lignin less than hard wood. Making paper fiber is to dissolve lignen and hemicellulose of
bagasse. Lignin holds the fibers of bagasse so that we cannot make thin paper from bagasse.
Furthermore, if there are more than 20% of hemicellulose, they will make paper easy to be torn off, not

strong, and yielding.[6]

Conclusion
The fiber-herb paper which had suitable tensile strength, tearing resistance and dampness to
making paper products were from bagasse, leaf sheaf of banana tree, pineapple leaf, vetiver grass and
lemon grass leaf. Paper from bagasse was suitable for making paper products. The making fiber-herb

paper could add value to agricultural products, reduce waste, and reduce global warming.
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The Development of Iltem Bank Software Framework

Piya Thirapanmethee "and Pallop Piriyasurawongz*

Abstract

The Item Bank Software Frameworks was developed to present a concept of information systems development.
This concept combines the features of the item bank and object oriented programming in the form of Item Bank Software
Framework. The designed Item Bank can be reused and further developed without rewriting a new program. The
Framework applied a Software Development Life Cycle (SDLC) to develop the system while a Unified Modeling Language
(UML) was used for the design. The Framework was coded by PHP and MySQL for the Database Management System.
The developed frameworks can be divided into four parts; 1) the connection to the user through the web browser 2) the
service for database connection 3) the set of instructions for the developed frameworks and 4) the web services in order to
exchange data. In this evaluation the total of 10 representative samples are those who are expert in information technology
and education. The statistical values used in this research are the means and the standard deviations. This evaluation
shows that the effectiveness of the developed item bank is at the highest level for all aspects except user creation and
management is at high level. The effectiveness of the framework is also at the highest level for all aspects except the ease

of installation is at high level.
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Introduction

Background and Rationale

National Education Act B.E.2542 (1999) and Amendments (Second National Education Act B.E.2545

(2002)defines the education management as “the process of learning for the prosperity of individuals and their society by
means of providingthem with knowledge, training, preserving cultures, creating academic progress, and creating
knowledge from management of environments, society, learning and supporting factors so that the learners are always
able to learn anything all their life”. Referring to the academic management of any education institute, there is designation
of those who are responsible for conducting and following up academic tasks, project planning, and academic
development projects. These personnel also have to evaluate and summarize the results of the said tasks and then
improve the curricular appropriately so that they could satisfy the need of learners and society. Also, there are instructional
activities, which encourage the learners to develop their potential as targeted, based on methods and evaluation forms that

can really measure the capability of the learners (Jintana, 2001)

It is necessary to apply information technology in education because it can facilitate both
learners and instructors in terms of fundamental equipment and suitable and modern information sources
that comply with the curricular. With systematic and integrated development of innovation, the operation
can be performed in an effective and efficient manner (Kittima, 2007). The recent education and
instruction systems focus on encouraging the learners to have learning achievement as targeted, and on
the process of measuring the learners’ capability by means of different tests. Therefore, the creation of
tests is one of the most important factors of instructional process in order to measure the learners’
efficiency (Somsak, 1999). However, most tests have been created for one use only and the new tests
have to be created whenever there is an examination. As a consequence, there has been no analysis of
the tests for further improvement and for choosing the most suitable ones. Accordingly, the development
of item bank is considered the efficient storage of tests (Suphat, 1999), thereby the test results can be
analyzed to find out the quality of tests based on the principles of evaluation, e.g.validity, reliability,
difficulty, and discrimination
The analysis of test quality is an important element to develop instruction on the basis of overall results
(Minet al., 2009). After attaining the results of analysis, the tests with high quality will be stored for further
use in the future. The development of item bank in the form of computer program is a tool for instructors
and education institutes to manage the tests (Hengyao and Xiaoyan, 2010). Moreover, the storage of
tests in the form of electronic documents, instead of paper form, can save capacity of storage and

facilitate the quick search (Deng and Liu, 2010).So, if there is an application of technology in education
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management systems in terms of instruction measurement and evaluation by developing an item bank
system to store the tests with high quality in the database, it will be very beneficial for the improvement of
curricular, instructional methods, and instruction evaluation, all of which contribute to the more

appropriate instructional process (Pawinee, 2000).

The development of information system by means of Reuse Techniques can reduce the costs of
development, increase quality, and facilitate the improvement of system maintenance (Niwet, 2000).
Therefore, the development of information system by means of Software Framework, the collection of
particular instruction sets, will be useful for the system developers to apply it in their tasks. This is
because, with the development of information system by means of Software Framework, the system
developers do not need to develop all of the new system; instead, they reuse the existing instruction
setsin the framework, which helps reduce the time spent on the development of information system

(Lopes et. al, 2007).

Thus, this research applied the ideas of information system development which included the
advantages of item bank and object orient designs in the form of software framework. The item bank was
designed in the form of software framework and its operations were based on web services, which were
suitable for the processing in different platforms (Narlinrat, 2006). This is to attain anitem bank
softwarethat can be reused and redeveloped with no need to rewrite any new programs, and to enable
the developers to reduce the complication and processes in the system development while increasing

the speed of instruction set improvement.

Objectives of Research

1. To develop Item Bank Software Frameworks

2. To evaluate the application of Iltem Bank Software Frameworks
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Scope of Research

In this research, the researcher developed the ltem Bank Software Frameworks based on
theories of Object Orient Analysis and Design in order to create the Item Bank Frameworks to store the
tests, analyze their statistic values, and find out their quality. The scope of development for the systems of
storage and analysis was limited to the multiple-choice tests; and it was tested in Rajamangala University

of Technology Krungthep.

Methodology

This researchis research and development by applied the principles of Object Oriented Design
and Software Development Life Cycle : SDLC (Khan and Beg, 2013) to develop the system with the

following steps:

1.Studying the ideas and theories, and then accumulating the data by researching the
information about test banks, framework development, web service, and tools for system development
from books, articles, researches, and relevant theses, and also asking users about both existing item

bank formats and the desirable ones.

2.Analyzing the data derived from the study of ideas, theories, and information about item bank

framework development in order to designate the scope and functions of the whole system.

3. Designing the system based on the concepts of Object Oriented Analysis and Design using
Unified Modeling Language: UML, which consists of diagrams and symbols to explain the details of
creation and management of different documents from the beginning to the end of the work system, and
then writing the program for practical use in system development (Bangchong. and Yarnawan, 1999)and

designing the database by means of Entity Relationship Diagram: ERD.

4. Developing the Item Bank Software Frameworks by using PHP to develop the program and

web service, and creating database by using MySQL as its management system.

5.Testing and improving the system by means of Unit test, Integration Test, Functional Test, and

System test (Tsui and Karam, 2007).

6.Evaluating the performance of the system by 10 experts in the fields of education and

information technology.
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Results
Design of Item Bank Framework

The design of Item Bank Software Frameworks consisted of 4 main parts: 1) user(Assessor,
Primary Instructor, Admin, Item maker, and Student) interface via web browser, 2) database connection
(MySQL), 3) instruction sets for the developed framework (Item Bank Framework), and 4) web service for

data exchange (Item Bank Service). The said system was illustrated in figure 1.

~
Web Application Iltem Bank Framework
N . N
System Management Item Bank Framework Item Bank Service
’ User H Course ’ Unit ‘ ’ unit_ws ‘
Item Bank Management ’ ACL H Item Paper Exam ‘ ’ Course_ws ‘
[
Statistics ’ Paper_ws ‘
Online Exam Management
Valiadity Reliability ’ Item ws ‘
Statistics Management ’ Difficulty H Disarimination ’ Bxam_ws ‘
- J - J
J
LDAP SOAP

Web Application

Figure 1 Item Bank Software Frameworks

Analysis and Design of Item Bank Software Frameworks

Designing the overall functions of Item Bank Software Framework based on Use Case Diagram,
including Actor and Use Case (Stephen R., 2011),as shown in figure 2, which explains the relationship
between actor and use case as followed:

Admin sets user permission, courses, primary instructors, and user group.

Primary instructors set, delete, and update paper; do item analysis report and paper analysis
report; set instructors and do examination report.

Instructors set, update, and delete units, and set assessors.

Item makers create, delete, and update items.

Assessors assess I0C of the online exam that students take, and do the score report.

Developers call functions and create additional modules for the framework.
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Figure2Use Case Diagram

Designing classes and the relationship thereof based on Class Diagram, including 15 classes,
i.e. Faculty: detailed information about the faculty, Department: detailed information about the
department, User: information about users in the developed system, Instructor: information about the
instructors, Primary Instructor: information about the primary instructors and their subjects, Assessor:
information about the assessors, Student: information about the students, ACL: management of access
control list, Course: information about the courses, Unit: information about the units, Paper: information
about the paper, Item: information about the items, Multiple-choice: information about the multiple-choice

exams, and Exam: information about the exams. Thereby, these classes were shown in figure 3.
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Item

Assessor

-item_id : int
-item_txt : String
-item_desc : String
-choice_id : int
-choice_txt : String
-flag : int

-score : int

~diffulty : float
-discrimination : float

-unit : uint

-course_assessor : String

+add_Assess_detail()
+get_Assess() : String
+add_IOC_result()
+Assess() : Boolean

ACL

-acl_controller : String
-acl_method : String

-acl_group_allow : String

Faculty

Department

+add_Acl() : Boolean
+get_Acl() : String
+check_Acl() : String

+del_Acl() : Boolean

-fac_id : Boolean
-fac_name : String

-fac_name : String

+add_Fac() : Boolean
+update_Fac() : Boolean

+get_Fac() : Boolean

-dep_id : int
-dep_name : String
-dep_name_en : String

-faculty : Faculty

.

+add_Dep() : Boolean
+update_Dep() : Boolean
+get_Fac() : String

+del_Fac() : Boolean

—

Item_maker

Instructor

User

+add_Item(param)() : Boolean
+update_Item() : Boolean
+get_Item() : String
+del_Item() : Boolean
+get_Item_answer() : String
+add_Item_answer(param)()

+update_ltem_amswer(param)()

+del_Item_answer() : Boolean

-course_creator : String

-course : String

+add_Item()
+get_Item() : String

+add_Unit()

+add_Instructor()

+add_Paper()

Unit

-id : int

-name : String
-surname : String
-email : String
-user : String
-password : String
-dep_id : int

-usergroup : int

Student

-course_student : String

+do_Exam()

+get_Score()

Paper

Multiple_choice

-choice_id : int
-choice_txt : String
-ans : String

-IOC : float
-discrimination : float
-difficult : float

-paper_id : int
-paper_name : String
-paper_desc : String
-score : float
-course_id : String
-user_id : int
~unit_id : int

total : int

-reliable : int

+add_Choice() : Boolean
+update_Choice() : Boolean
+del_Choice() : Boolean
+get_Choice() : String
+get_IOC_() : String
+get_Discrimination() : String
+get_Difficulty() : String

+add_Paper() : Boolean
+add_Condition() : Boolean
+update_Paper() : Boolean
+get_Paper() : String
+get_Condition() : String
+del_Paper() : Boolean
+random_Item() : Boolean
+get_Item_paper() : String
+add_Item_paper()
+export_ltem_paper()
+export_Item_answer()
+get_Reliability() : String

+analysis_Reliability()

-unit_id : int
~unit_name : String
-unit_obyj : String
~unit_id : Course

+add_Unit() : Boolean
+update_Unit() : Boolean
+get_Unit() : String
+del_Unit() : Boolean

+get_User() : String
+add_User() : Boolean
+update_User() : Boolean
+check_User() : Boolean
+del_User() : Boolean
+add_Group() : Boolean
+check_Login()

+Logout()
+modify_Password()

+update_Group()

Exam

Course

-course_id : String
-course_name : String
-course_dese : String
-credit : int

-dep_id : int

-exam : int
-user_id : int
-paper_id : int
-score : float
-answer : String
-result : String

-exam_time : String

Primary_Instructor

-course_instructor : String

+add_Assessor(param)()

+add_Item_maker(parm)()

+add_Course() : Boolean
+update_Course() : Boolean
+get_Course() : String
+del_Course() : Boolean

+add_User_course() : Boolean

+get_User_course() : String

Figure3Class Diagram

+get_Examall() : String
+get_Item() : String
+check_Exam_paper() : Boolean
+add_Exam_paper()
+shuffle_Item() : String
+add_Item_exam()
+get_Exam_choice() : String
+get_Exam_answer() : String
+check_Exam() : Boolean
+add_Score()
+send_Exam()

+get_Result() : String

+get_Result_all() : String

Designing step-by-step functions of ltem Bank Software Framework based on Activity Diagram,

including Client, Web Application, Web Service, Function, and Database. The process began with the

Client sending a request to Web Application. Once the request was checked, Web Application called the

web service, which then called the function as requested. Thereby, the function would connect to the

database or do anything as requested. After the request was satisfied, the function would send the

results back to web service, and then the web service sent the said results to Web Application so that

they were displayed on the Client. The aforementioned process was illustrated in figure 4.
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Figure4Activity Diagram

Designing software and system elements for the development of Item Bank Software

Frameworks based on Deployment Diagram as shown in figure 5.
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Figure5Deployment Diagram
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According to figure 5, Item Bank Software Frameworks were composed of Client, which was a
Web Browser connected to the internet; Web server, which stored the instruction sets of Item Bank
Framework; Web Service Server, which exchanged the data within the system; and Database, which

managed the section of database.

Designing the database based on Entity Relationship Diagram : ERD, which included 18 entities;
i.e. user: storing information of all users, user_group: storing information of user groups, group_all: storing
information of individuals in user groups, faculty: storing detailed information of the faculties, department:
storing detailed information of the departments, course: storing all information of the courses,
course_user: storing course information of the each user, chapter: storing informatio  n of all chapters,
item: storing information of multiple-choice exam, choice: storing information of choices of the exams,
item_qga: storing information of completion tests, item_history: storing information of the used exams
before the amendments, item_assess: storing information of evaluation on each item, paper: storing
information of all paper tests, condition_item: storing information of item conditions: storing information of
item on all papers, exam_paper: storing information of the exams, and item_exam: storing information of

all items in the exams. Thereby, the relationship of all the entities above was shown in figure 6.
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Results of evaluation on the efficiency of ltem Bank Software Frameworks

The evaluation on the efficiency of ltem Bank Software Frameworks was conducted, in terms of the
usage and framework functions of ltem Bank Software Frameworks, by 10 experts in the fields of

education and information technology. The results thereof were shown in Table 1 and Table 2.

According to Table 1, the overall efficiency of Iltem Bank Software Frameworks was in the level of
“very high”. Once considering each category separately, it was found that all categories were of very high
efficiency except that of Creation and management of users, which was in the level of “high” (X =4.37 ,
S.D. = 0.49). In terms of ranking, Creation and management of courses had the highest efficiency (X =
4.67,S.D. = 0.474), and Creation and management of online tests had the highest efficiency (X =457,

S.D.=0.496).

Table1 Results of evaluation on the efficiency of ltem Bank Software Frameworks

Results
Details of Evaluation Efficiency Level
= S.D.
1.Creation and management of users 4.37 0.490 High
2.Creation and management of courses 4.67 0.474 Very High
3. Creation and management of items 4.68 0.503 Very High
4. Creation and management of exams 4.81 0.382 Very High
5. Creation and management of online tests 4.57 0.496 Very High
Table2 Results of evaluation on the efficiency of framework functions
Results
Details of Evaluation Efficiency Level
e S.D
1.Convenience on framework setting 4.40 0.516 High
2. Formats and methods of using frameworks 4.70 0.483 Very High
3. Ability to create and set up additional module (Plug-in) 4.80 0.422 Very High
4. Suitability of setting of framework elements 4.70 0.483 Very High
5. Reduction of steps in program development 4.60 0.516 Very High
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According to Table 2, the overall efficiency of framework functions was in the level of “very high”.
Once considering each category separately, it was found that all categories were of very high efficiency
except that of Convenience on framework setting, which was in the level of “high” (X=4.4,S.D.=5.16).
In terms of ranking, Ability to create and set up additional module (Plug-in) had the highest efficiency (=
4.8, S.D. = 0.422), followed by Formats and methods of using frameworks and Suitability of setting of
framework elements, which had the highest efficiency (X=4.7 , S.D. = 0.483), and Reduction of steps in

program development, which had the highest efficiency (X=4.60 , S.D. = 0.516 ).

Discussion

Item Bank is an appropriate information system that is worth developing for use in education
institutes, which corresponds to the research of Piya and Pallop (2013), who studied Model of Cloud
Computing for Education. Also, it is in compliant with the research of Pradit (2011), who developed Online
Test Bank System Using Discrimination Analytical Technique for Far Eastern University, and found that
the online test bank could reduce the number of work steps while increasing convenience to both

instructors and students.

The Item Bank Software Frameworks developed herein were designed on the basis of object-
oriented programming and by means of developing each program separately, namely Software
Components. These components were created based on the principles of information system
development in which the stages and activities were obviously designated (Dennis and Wixom, 2003).
This enables the developers to reuse the instruction sets, helping them reduce the time needed to
develop the programs while facilitating the maintenance of programs, which is in accordance to the
research of Niwet (2000) and Kirapuk(2002). In addition, the reliance on web service to exchange data of
Item Bank Software Frameworks is corresponding to the research “A Web Services Based Online Training

and Exam System” of Panget al., (2008).

Conclusion

Item Bank Software Frameworks developed herein is an application of current technologiesas a
tool for improve the quality of item and in order to enhance the efficiency of existing information

technology. The design adds value to the invested information technology resources and softwares by
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reusing them and improving their performance. With no need to begin the new system development, this

design is considered the most efficient and the most effective application.
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THE SYNTHESIS MODEL OF KNOWLEDGE MANAGEMENT SYSTEM IN THE
INFORMATION TECHNOLOGY SERVICES AT HIGHER EDUCATION
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Abstract

This research has an intention to study about elements and the Knowledge Management System
(KMS), in order to bringing about a tendency of building a synthesis model of knowledge management
system in the information technology services at higher education, by studying elements and process of
knowledge management system from the tendency of professionals and some well-known organizations
in knowledge management. Then arrange and group those who are similar the most and use them to
survey in 5 levels regarding opinions of the professionals who manage in departments involving the
career of the information technology in universities. From studying, it is realized that there are totally 7
popular elements to be using. The most important elements according to opinions of professionals are
including; leadership & strategies, procedure of knowledge management, executors, information
technology and communication. Important elements are source of knowledge and organizational culture.
And neutral important element is evaluation. And there are 8 steps of procedure of the knowledge
management which are widely using. The most important procedure according to the opinions of
professionals are; conveyance & dissemination of knowledge, constructivist learning, sharing &
exchanging, improvement and appliance. The important procedure of knowledge management
consequently are; knowledge acquisition, storage & retrieval and indication of knowledge. Procedure of
knowledge management from what have been studying is to be using to create a model of a new
knowledge management. We can use it to manage the body of knowledge of the information technology

services at higher education effectively.
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Introduction

Nowadays, offices & departments in all parts including either government or municipality are all
realize and give precedence to the importance of knowledge management inside the organization, much
more. If any organization is able to do storage & retrieval the knowledge; for example: Know-How or the
Best Practice, it is valuable to transfer and share to the others in the same organization and it shall bring
about a sustainable improvement to them. Previously, we found from surveys that organizations from all
around the world have a trend to grow up in the knowledge management rapidly. They realize about the
importance of using the knowledge management system as a tool in their work (1), which is successful in
knowledge management in accordant to various factors. Anyway, the Information and Communication
Technologies is the factor that encourages of ease and comfort in the knowledge management and make
it becomes concrete. Abilities of the Information and Communication Technologies which is used to
manage the knowledge to bring about and improve the Knowledge Management System (KMS) make it
easier and more convenient (2). The Information and Communication Technologies becomes a powerful
tool that organizations use to manage knowledge effectively. They can search, store and use knowledge
comfortably and quickly. Especially, it eradicates obstacles about distance and time in conveyance and
dissemination the knowledge (4). There are 4 difficulties found in research of Desouza (3) that interviewed
users of the KMS regarding to the obstacles in appliance of the Knowledge Management System are
consisting of;

1. Difficulty of the system to indicating of which person is a professional that can convey and disseminate
knowledge to the others.

2. Difficulty of the system to catch up knowledge from persons or Tacit Knowledge and how to convey
and disseminate knowledge to the others in the organization and let them learn and accessible.

3. Lack of activation from executives.

4. Incorrect push or drive from the executives, previously the executors could feel about the pressure and

lack of motivation to use technology.

Result of the research of Quaddus and Xu (1) which studied about factors that affect to using the KMS of
officers in companies in Australia is including; organizational culture, support from the executives,

advantages that each person shall get and image of the KMS itself.

Su Huishuang and Tian Shuo (5) analyzed process of knowledge management of big organizations via
multi-dimension of methods by using purposes and behaviors according to human factor in theory of
Wuli, Shili and Renli. This work presents simple theory and principal to encourage an effective KMS in big

organizations in order to achieve process of wanted knowledge collecting.
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Junming Hou and group (6) studied about how to manage the knowledge by building ontology for co-
designation. By presenting to use the ontology in knowledge management, which has a cooperation of
the whole organization (professionals, knowledge engineers and executors of the system), it provides a

flawless result in artificial intelligence and including presenting ideas to apply semantic web.

Hanlie Smuts (7) and group studied about framework of the KMS and found a problem that obstructs is a
difference in each organization. Each organization has a different process to improve the KMS then cause

of a confusing to anyone who will improve it and also gets confusing when choose for a good practice.

If consider from the information we got, there are various steps that we can use the KMS to help
improving the system. To insinuate the information technology services into the KMS, we have to choose
for a suitable element the most, or which elements should use other method of management or process to
handle. This is for ability to build a technology environment that is beneficial for building a sustainable

knowledge in the organizations.

From what have been mentioned above, researchers are interesting to study about process of building
the KMS has which elements and many popular processes, which standard should be suitable to use in

any organization that serve especially in the information technology services.

Objectives of the Research
To analyze elements and processes of the KMS in the organizations that reflect to the success of
knowledge management inside the organizations that provide a result in the information technology

services for higher education.

Hypothesis
Which elements and processes that being used the most in the KMS of organizations, they can be using
to be a tendency of designing a format to improve the KMS for the organizations who serve especially in

ICT sustainably.

Implementation of the Research

This research has been studied from other researches both local and overseas. And we used
questionnaire to measure the priority from opinions of those professionals.

1. Study about meaning of the Knowledge Management System (KMS)

2. Collect elements of the KMS from professionals both local and overseas, totally 16 persons, and then

compare of whether similar or different in order to consequent the elements to be using in the KMS.
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3. Study about process of knowledge system improvement from 18 professionals (both local and
overseas) then compare and conclude of which is popular in using in order to measure priority of the
process of KMS.

4. Learn from opinions of professionals and executives management from where they serve the

information technology, totally 9 persons, about elements of the KMS which is using the most.

Materials and Methods

This is the statistics used to evaluate the result for sample survey due to find out the average (f)

N
=1
N

When
X = Average
= N
X— Qi X; = TOTAL VALUE
N
N = NUMBER OF POPULATION
STANDARD DEVIATION
2
SD- nyt, fxl-(E%, fxi)
o nn-1)
When S.D. = STANDARD DEVIATION
X = INFORMATION OF EACH QUANTITY
f = FREQUENCY
n = NUMBER OF SAMPLE SURVEY

Evaluation by bringing information surveyed from opinions of the professionals concerning priority of
elements and processes of the KMS, which is in 5 levels, and presents the information analysis that the

researchers indicate standard of how to interpret the meaning of survey like this (8);
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Table 1 Standards showing how to interpret the meaning of survey

Average Points Priority of Elements and Processes of Knowledge Management
System
4.50-5.00 Highest
3.50-4.49 High
2.50-3.49 Neutral
1.50-2.49 Less
1.00-1.49 Least

Primary Agreement

1. Professionals are executives in high level of management in departments that serve the information
technology services in universities of both government and individual.

2. Collecting information in different date, time and place affect nothing to the result of research.

Definition of Vocabulary

1. Knowledge Management System (KMS) means collecting, system management, storage and
accessibility to the information to bring about knowledge by using information technology and computer
to keep storage systematically. Furthermore, share knowledge which advice by professionals who are
able to interpret and apply knowledge into building innovation (10).

2. Elements of the Knowledge Management System (KMS) means components or mixing, expressing
opinions by professionals and academicians in various dimensions regarding important elements of the
knowledge management system (11).

3. Process of Knowledge Management System means sub-process that connecting each other’s to
access and use knowledge from its source and make it move then bring about development of innovation

(12).

Results and Discussions

From collecting elements of the Knowledge Management System of 16 professionals and popular
organizations from both local and overseas, comparing be consequence according years of publishing

that information by overall image like this.
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Table 2 Shows comparison elements of the KMS which is collecting from the researches
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Communication
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Management

Bvaluation v v |V Vv v

Source of knowledge v | v v v v 7
Executors v v | v v v | v 7
Organizational Culture v v | v v v v
Leadershipandstrategy v v v | v’ v

Training v | v v v v
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Studying from point of view of the professionals and popular organizations in KMS and take them into
priority, it is found that the first 3 elements using in the knowledge Management System are; ICT 21%,

process of KMS 16% and evaluation 11%, consequently.

B | .Information Technology and
Communication

B 2 Procedure of knowledge Management

m 3 Evaluation

B 4. Source of knowledge

m 5.Executors

B 6.0rganizational Culture
7.Leadership and strategy
8.Training

9.Management and behavior
® 10.Prizing

B | 1.Structure of organization

" 12.Vision

Chart 1 Showing percentage of elements of the KM

It is noticeable that all the professionals and popular organizations are using the ICT, which is 21% of all
elements. It shows that the information technology and communication are primary main factors to

development the Knowledge Management System.
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